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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. 1 also thank the organising institution, University of Chemistry and Technology, Prague
(UCT Prague) and companies which support this EAAOP5 meeting.

Finally and personally | would like to express my thanks to the members of the local
organising committee, especially to Hana Bartkova for her vital help with the organisation of
EAAOPS and Petr Paus for his valuable work on EAAOPS website.

Prague, June 2017

Josef Krysa
Organising Chair
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s European Conference on Prague, Czech Republic, June 25-29, 2017

Environmental Applications of Advanced
Oxidation Processes (EAAOPS)

CONFERENCE TIMETABLE

Sunday, 25" June 2017

15:00 - 19:00

Registration (HOTEL DAP)

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

Monday, 26" June 2017

CONFERENCE HALL A

8:00 - 8:30 Registration (HOTEL DAP)
8:30 - 8:40 WELCOME AND OPENING OF EAAOPS
Josef KRYSA, Chair of EAAOPS, 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 TiO,/Reduced Graphene Oxide
Composites for Efficient Photocatalytic Decomposition of Bisphenol A
Gregor ZERJAV, National Institute of Chemistry, Ljubljana, Slovenia
10:15-10:35 02: TiO,-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 lonic
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



12:15-12:35

12:35 - 14:00
14:00 - 15:25

14:00 - 14:25

14:25 - 14:45

14:45 - 15:05

15:05 - 15:25

15:25 - 15:55
15:55-17:25

15:55 - 16:20

16:20 - 16:45

16:45 - 17:05

17:05-17:25

9:50 - 10:55

9:50 - 10:15

10:15-10:35

10:35 - 10:55

10:55 - 11:15
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0O4: Carbon Nitride Nanosheets for the Selective Photocatalytic Partial Oxidation of 5-
Hydroxymethyl-2-Furfural to 2,5-Furandicarboxyaldehyde in Water Suspension
Elisa Isabel GARCIA-LOPEZ, University of Palermo, Palermo, Italy

LUNCH

SESSION 2C: SEMICONDUCTOR PHOTOCATALYSIS
Session Chair: Michael WARK

K4: Development of p-Type Semiconductor Electrodes for Photoelectrochemical CO,
Reduction under Visible Light
Teruhisa OHNO, Kyushu Institute of Technology, Fukuoka, Japan

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

06: High Impulse Magnetron Sputtering of Black Titania Thin Films for
Photoelectrochemical Water Splitting
Stepan KMENT, Palacky University, Olomouc, Czech Republic

O7: Enhanced Photocatalytic Efficiency of Self-Organized TiO, Nanotube Layers due to
Secondary Materials
Hanna SOPHA, University of Pardubice, Pardubice, Czech Republic

COFFEE BREAK

SESSION 12&13: PILOT SCALE AOPs, AOPs FOR WATER TREATMENT
Session Chair: Gilles MAILHOT

K5: AOPs for Water Treatment: The Intriguing Role of the Matrix
Dionissios MANTZAVINQOS, University of Patras, Patras, Greece

K6: Different Applications of Solar Photo-Fenton Process: Economical Approach and
Comparison with Other AOPs
Sixto MALATO, Plataforma Solar de Almeria-CIEMAT, Almeria, Spain

0O8: New Configurations for Solar Collectors Applied to Decontamination of Landfill
Leachates by a Photo-Fenton Process
Vitor VILAR, University of Porto, Porto, Portugal

09: Application of Electrolytic Processes with Diamond Anodes for the Oxidation of
Imidazolium lonic Liquids in Aqueous Phase
Salvador COTILLAS, University of Castilla-La Mancha, Albacete, Spain

CONFERENCE HALL B

SESSION 3A: FENTON AND FENTON LIKE PROCESSES
Session Chair: Sixto MALATO

K7: Iron as an Abundant, Cheap, Non-Toxic and Versatile Catalyst for Solar-Assisted Water
Disinfection at Near-Neutral pH

Cesar PULGARIN, Ecole Polytechnique Féderale de Lausanne (EPFL), Lausanne,
Switzerland

010: Effect of the Control Parameters on the Water-Color in a Photo-Fenton System Applied
to Oxidate Paracetamol
Natalia VILLOTA, Escuela Universitaria de Ingenieria de Vitoria-Gasteiz, Alava, Spain

O11: Wild Bacteria Inactivation in WWTP Secondary Effluents By Solar Photo-Fenton at
Neutral pH in Raceway Pond Reactors
Belén ESTEBAN GARCIA, University of Almeria, Almeria, Spain

COFFEE BREAK



11:15-12:55

11:15-11:35

11:35-11:55

11:55-12:15

12:15-12:35

12:35-12:55

12:55 - 14:20

14:30 - 15:25

14:30 - 14:55

14:55 - 15:15

15:15-15:35

15:35 - 15:55
15:55-17:15

15:55 - 16:15

16:15 - 16:35

16:35 - 16:55

16:55-17:15

SESSION 3B: FENTON AND FENTON LIKE PROCESSES
Session Chair: Cesar PULGARIN

012: Accelerated Fenton-Like Degradation of Contaminants in Water — an Fe-Pd-
Multicatalysis Approach
Anett GEORGI, Helmholtz Centre for Environmental Research — UFZ, Leipzig, Germany

013: Humic like Substances as Complexing Agents to Drive Near Neutral Photo-Fenton
Antonio ARQUES, Universitat Politecnica de Valencia, Valencia, Spain

014: Fenton-Based Technologies for Environmental Restoration of Emerging Pollutants
Marta PAZOS, University of Vigo, Vigo, Spain

015: Double Flow-Through Jet Cell for the Electro-Fenton Process
Christina SAEZ, University of Castilla La Mancha, Ciudad Real, Spain

016: Pharmaceuticals Abatement by CWPO with Natural Magnetite in Real Aqueous
Matrices
Macarena MUNOZ, Universidad Autonoma de Madrid, Madrid, Spain

LUNCH

SESSION 7: WET AIR AND SUPERCRITICAL OXIDATION PROCESSES
Session Chair: Javier MARUGAN

K8: Catalytic High Temperature Processes (Wet-Air Oxidation) for Water Treatment
Albin PINTAR, National Institute of Chemistry, Ljubljana, Slovenia

017: 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

018: Rate of Hydrogen Oxidation in Supercritical Water
Igor SVISHCHEYV, Trent University, Peterborough, Canada

COFFEE BREAK

SESSION 5: OZONIZATION
Session Chair: Urs von GUNTEN

019: Combined (Electrochemical) ClIO,/Ozone — a Promising Method for Water
Disinfection
Henry BERGMANN, Anhalt University, Bernburg, Germany

020: Ozonation-Assisted Technologies for Treatment of Produced Water from Oil and Gas
Industry
Sandra CONTRERAS, Universitat Rovira | Virgili, Tarragona, Spain

021: Tackling Toxicity in Ozonated Textile Wastewater for Enhanced Biological Treatment
Huseyin SELCUK, Istanbul University, Istanbul, Turkey

022: Degradation of Orange Il by Heterogeneous Catalytic Ozonation Using a Bimetallic
Fe-Co/SBA-15 Catalyst in Water
Chun CAl, China University of Geosciences, Wuhan, China

17:30 - 18:30
Chair:
18:30 - 20:00

CONFERENCE HALL A
STUDENT PAPER COMMUNICATIONS I: Semiconductor photocatalysis
Joaquim L. FARIA, Petr DZIK
POSTER SESSION I: Semiconductor photocatalysis (with refreshment)
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Tuesday, 27" June 2017

Chair:
8:40-9:20

9:30-17:25

CONFERENCE HALL A
Sylvie LACOMBE

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

PARALLEL SESSIONS

9:30 - 10:35

9:30 - 9:55

9:55-10:15

10:15 - 10:35

10:35 - 11:05
11:05 - 12:35

11:05 - 11:30

11:30 - 11:55

11:55 - 12:15

12:15-12:35

12:35 - 14:00
14:00 - 15:50

14:00 - 14:25

14:25 - 14:50
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CONFERENCE HALL A

SESSION 2D: SEMICONDUCTOR PHOTOCATALYSIS
Session Chair: Sylvie LACOMBE

K9: Photocatalyst Activity Indicator Inks: An Overview
Andrew MILLS, Queens University Belfast, Belfast, United Kingdom

023: 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

024: An EPR Spin Trapping Study of Radical Intermediates Generated upon Photoexcitation
of Glycerol in Titania Suspensions

Zuzana BARBIERIKOVA, Slovak University of Technology in Bratislava, Bratislava,
Slovakia

COFFEE BREAK

SESSION 2E: SEMICONDUCTOR PHOTOCATALYSIS
Session Chair: Bunsho OHTANI

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

K11: Photocatalysis by Sandwiched Composite Particles Comprising of Ag Core-SiO,-CsN,
Shell
Yaron PAZ, Department of Chemical Engineering, Technion, Haifa, Israel

025: Photocatalytic Oxidation of Organic Compounds over Uranyl Modified Oxides under
Visible Light
Denis KOZLOV, Boreskov Institute of Catalysis, Novosibirsk, Russia

026: Competitive Reactions of Alcohols as a Powerful Tool for Elucidation of Mechanisms
of Hydrogen Photocatalytic Production
Jesus HIDALGO CARRILLO, Universidad de Cordoba, Cordoba, Spain

LUNCH

SESSION 2F: SEMICONDUCTOR PHOTOCATALYSIS
Session Chair: Andrew MILLS

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

K13: Photocatalytic Transformation of C,Cl, in Gas Phase under UV-Irradiated Titanium
Dioxide
Claudio MINERO, University of Torino, Torino, ltaly



14:50 - 15:10

15:10 - 15:30

15:30 - 15:50

15:50 - 16:20

16:20 - 17:25

16:20 - 16:45

16:45-17:05

17:05-17:25

9:50 - 10:50

9:50 - 10:10

10:10 - 10:30

10:30 - 10:50

10:50 - 11:10
11:10 - 12:50

11:10 - 11:30

11:30 - 11:50

11:50 - 12:10

017: 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

028: Problem of CO Formation During the Photocatalytic Oxidation of VOCs and the
Approach to its Solving
Dmitry SELISHCHEYV, Boreskov Institute of Catalysis, Novosibirsk, Russia

029: 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

COFFEE BREAK

SESSION 14: AOPs FOR AIR TREATMENT
Session Chair: Peter ROBERTSON

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

030: Oxidation of NO, by Photocatalysis Using TiO,, Au-TiO,, Pt-TiO,, Pd-TiO, and Ni-
TiO,
Elisenda PULIDO MELIAN, Universidad de Las Palmas de Gran Canaria, Spain.

031: 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

SESSION 13A: AOPs FOR WATER TREATMENT
Session Chair: Dionissios MANTZAVINOS

032: Solar Photo-Fenton Process in Continuous Raceway Pond Reactors for Micropollutant
Removal in WWTP Secondary Effluents, Comparison of Operating Conditions
José Antonio SANCHEZ PEREZ, University of Almeria, Almeria, Spain

033: Photocatalytic Degradation of Emerging Concern Contaminants in Water by
Heterogeneous Sodium Decatungstate
Alessandra MOLINARI, University of Ferrara, Ferrara, Italy

034: Application of Titania-Based Continuous-Microflow Photocatalysis in Water
Detoxification

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

COFFEE BREAK

SESSION 13B: AOPs FOR WATER TREATMENT
Session Chair: Luigi R1ZZO

035: 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

036: Insights into Degradation of Bisphenol A by Activating Peroxymonosulfate with
Zn0.4Mn0.6Fe,0, Fabricated from Spent
Heng LIN, Wuhan University, Wuhan, China

037: Ferrates(V1) — Strong ,,Green‘ Oxidant for Environment
Jan HIVES, Slovak University of Technology in Bratislava, Bratislava, Slovakia
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12:10-12:30

12:30 - 12:50

12:50 - 14:20

14:30 - 15:55

14:30 - 14:55

14:55 - 15:55

15:15-15:35

15:35 - 15:55

15:55 - 16:15
16:15-17:15

16:15 - 16:35

16:35 - 16:55

16:55-17:15

038: Decomposition of Fluoxetine and Fluvoxamine By Ferrate(V1)
Przemystaw DRZEWICZ, Polish Geological Institute-Polish Research Institute, Warszawa,
Poland

039: Removal of the X-Ray Contrast Chemical lopamidol from Tertiary Treated
Wastewater: Investigation of Persulfate-Mediated Photochemical Treatment
Idil ARSLAN-ALATON, Istanbul Technical University, Istanbul, Turkey

LUNCH

SESSION 10A: DISINFECTION
Session Chair: Dionysios DIONYSIOU

K15: Photocatalytic and Electrochemically Assisted Photocatalytic Disinfection of Water
Tony BYRNE, Ulster University, Newtownabbey, United Kingdom

040: Differentiated Strategies of Hospital Wastewater Treatment by Advanced Oxidation
Processes in Switzerland vs. lvory Coast and Colombia

Stefanos GIANNAKIS, Ecole Polytechnique Fédérale de Lausanne (EPFL), Lausanne,
Switzerland

041: Evaluation of Solar Water Disinfection Model for E. Coli Inactivation at Real Field
Conditions ’

Maria Inmaculada POLO-LOPEZ, Plataforma Solar de Almeria — CIEMAT, Tabernas,
Spain

042: Novel Procedure for the Numerical Simulation of Solar Water Disinfection
Javier MARUGAN, Universidad Rey Juan Carlos, Madrid, Spain

COFFEE BREAK

SESSION 10B: DISINFECTION
Session Chair: Henry BERGMANN

043: Ozonation of Giardia Duodenalis Cysts: Evaluation Using an Animal Model and a
Molecular Approach

José Roberto GUIMARAES, University of Campinas, Campinas, Brazil

044: Wastewater Disinfection by Membrane Photoreactors Coupling Microfiltration with
UV-C Disinfection

Jorge RODRIGUEZ-CHUECA, Rey Juan Carlos University, Mostoles, Spain

045: N-Doped TiO, Photocatalysts for Bacterial Inactivation in Water

Danae VENIERI, Technical University of Crete, Chania, Greece

17:30 - 18:30

Chair:
18:30 - 20:00

14

CONFERENCE HALL A

STUDENT PAPER COMMUNICATIONS II: UV based processes, Semiconductor
photocatalysis, Fenton and Fenton-like processes

Pierre PICHAT, Martin ZLAMAL

POSTER SESSION I1: UV based processes, Semiconductor photocatalysis, Fenton and
Fenton-like processes



Wednesday, 28" 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(l1l) Complexes in Advanced Oxidation Processes: Advantages and Drawbacks
Gilles MAILHOT, Université Clermont Auvergne, Clermont-Ferrand, France
9:55-10:15  0O46: Advanced Treatment of Urban Wastewater by Homogeneous Photocatalysis: A
Comparison between UV/PAA and UV/H,0,
Luigi R1ZZO, University of Salerno, Fisciano, Italy
10:15-10:35 047: 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
11:05-11:25 048: Photolytic Degradation of Trimethoprim Enhanced by Organic Aerogels
Juri BOLOBAJEYV, Tallinn University of Technology, Tallinn, Estonia
11:25-11:45 049: NO, Removal by Vacuum Ultra-Violet Light Irradiation in Flow Reactors
Marco MINELLA, University of Torino, Torino, Italy
11:45-12:05 0O50: Understanding the UV/CI, Process for Drinking Water Treatment
Peter JARVIS, Cranfield University, Cranfield, United Kingdom
12:05-12:25 0O51: Comparative Treatment of Penicillin, Cephalosporin and Fluoroquinolone Antibiotics
in Waters by UV254 and UV254/Persulfate Processes
Ricardo TORRES-PALMA, Universidad de Antioquia, Medellin, Colombia
12:25-12:45 052: Sulfamethazine Degradation by UV/H,O, 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 0O53: Practical Applications and Market Developments 25 Years after the Discovery af TiO,
Photocatalysis
Jan PROCHAZKA, 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  054: Electrocoagulation Scaling-Up for Removal of Toxic Metals, Namely Cr®* and Ni**

Pavel KRYSTYNIK, Institute of Chemical Process Fundamentals of the CAS, Prague, Czech
Republic

15



10:10 - 10:30

10:30 - 10:50

10:50 - 11:10
11:10- 12:10

11:10 - 11:30

11:30 - 11:50

11:50 - 12:10

12:10 - 14:20

0O55: Roles of Homogeneous and Heterogeneous *OH Radicals in an Advanced
Electrochemical Treatment — Towards Reactor Design Optimization
Emmanuel MOUSSET, CNRS-Université de Lorraine, Nancy, France

056: Application of Electrochemical Oxidation Process to Waters Containing
Organochlorine Pesticides from Lindane Production Wastes
Carmen Maria DOMINGUEZ TORRE, Universidad Complutense de Madrid, Madrid, Spain

COFFEE BREAK

SESSION 6B: ELECTROCHEMICAL PROCESSES
Session Chair: Denis KOZLOV

O57: Elimination of Emergying Polutants by Means of Hydroxyl Radicals — Experience
from the Project Risk-ldent
Chunyan LI, Condias GmbH, Itzehoe, Germany

0O58: 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

059: 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

LUNCH

14:20 - 15:30

Chair:
15:30 - 16:00
15:30-17:00

19:00 - 23:00

16

CONFERENCE HALL A

STUDENT PAPER COMMUNICATIONS I11: Ozonization, Electrochemical
processes, Wet air oxidation, Disinfection, Pilot scale AOPs, AOPs for air treatment

Danae VENIERI, José Antonio SANCHEZ PEREZ
COFFEE BREAK

POSTER SESSION I11: 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

CONFERENCE GALADINNER ( VILA LANNA)



Thursday, 29" June 2017

Chair:

8:40-9:20

9.30 - 10:30

Chair:
10:30- 11:00
11:00 - 12:30

12:30 - 14:00
14:00 - 15:20

14:00 - 14:20

14:20 - 14:40

14:40 - 15:00

15:00 - 15:20

15:20 - 15:50
15:50 - 16:30

15:50 - 16:10

16:10 - 16:30

16:30 - 16:50
16:50

CONFERENCE HALL A
Andrew MILLS

PL4: Semiconductor Electrochemical Wastewater Treatment: From Design Concepts
to Full-Scale Manufacturing in 5 Years
Michael HOFFMANN, California Institute of Technology, Pasadena, USA

STUDENT PAPER COMMUNICATIONS IV: AOPs for water treatment, Coupling of
AOPs with other processes

Andrew MILLS, Vlasta BREZOVA
COFFEE BREAK

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

LUNCH

SESSION 2G: SEMICONDUCTOR PHOTOCATALYSIS
Session Chair: Michael HOFFMANN

060: Metal-Oxide Heterojunction CVD Films for Environmental Applications
Raul QUESADA-CABRERA, University College London, London, United Kingdom

061: 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

062: Characterization of Thermally Treated Anatase TiO, Supplemented by Oxygen
Adsorption Measurements
Marina KRICHEVSKAYA, Tallinn University of Technology, Tallinn, Estonia

063: Photocatalytic Silica-Titania Based Nanocomposite Paints
Jan SUBRT, Institute of Inorganic Chemistry of the CAS, Rez, Czech Republic

COFFEE BREAK

SESSION 17: COUPLING OF AOPs WITH OTHER PROCESSES
Session Chair: Vitor VILAR

064: The Evaluation of Advanced Oxidation Processes for the Treatment of Effluents from
Detergents-Manufacturing Industry
Daphne HERMOSILLA, University of Valladolid, Valladolid, Spain

065: Evaluation of Natural Coagulant PGa21Ca Application Followed by Heterogeneous
Photocatalysis on Tannery Wastewater Treatment
Ana UEDA, Federal University of Technology, Paranda, Brazil

STUDENT PAPER COMMUNICATIONS AWARDS
FINAL REMARKS
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5™ European Conference on

Environmental Applications of Advanced
Oxidation Processes (EAAOPS)

Prague, Czech Republic, June 25-29, 2017

STUDENT PAPER COMMUNICATION LIST

STUDENT PAPER COMMUNICATION I: Semiconductor photocatalysis
(26" 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 TiO, COATING

17:35-17:40

Balayeva

WO;-TiO, BASED PHOTOCATALYSIS: TOWARD INDOOR
AIR PURIFICATION UNDER VISIBLE-LIGHT
ILLUMINATION.

17:40 - 17:45

M. C. M.
Ribeiro

Fe/Nb-BASED SOLAR PHOTOCATALYSTS: IMPACT OF
DIFFERENT SYNTHESIS ROUTES ON MATERIAL
PROPERTIES

17:45-17:50

Martin-Somer

INFLUENCE OF LIGHT DISTRIBUTION ON THE
PERFORMANCE OF PHOTOCATALYTIC REACTORS: LED
VS MERCURY LAMPS

17:50 - 17:55

Calin

PHOTOOXIDATION OF DIFFERENT ENDOCRINE
DISRUPTING CHEMICALS IN WASTEWATER USING ZINC
OXYDE AS PHOTOCATALYST

17:55 - 18:00

G. Vargas

A COMPARATIVE STUDY OF TiO, NANOTUBES
SYNTHETIZED USING DIFFERENT METHODS

18:00 - 18:05

Monfort

PHOTOSPLITTING OF WATER AND
PHOTODEGRADATION OF ORGANICS USING BISMUTH
VANADATE/TITANIA PHOTOCATALYSTS

18:05 - 18:10

Avella

EVALUATION OF COPPER SLAG AS PHOTOCATALYST
FOR GLYCEROL DEGRADATION WITH A SIMULTANEOUS
HYDROGEN PRODUCTION

18:10 - 18:15

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

Toth

SYNTHESIS AND PHOTOCATALYTIC ACTIVITY OF
SILVER-HALIDE NANOPARTICLES
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STUDENT PAPER COMMUNICATION I1: UV based processes, Semiconductor photocatalysis, Fenton
and Fenton-like processes
(27" June 17:30 - 18:30)

SYNTHESIS AND APPLICATION OF TiO,/NZVI
17:30 -17:35 | 1I-1 | Réez Tajuelo NANOCOMPOSITES FOR THE PHOTOCATALITYC
REMOVAL OF ARSENIC FROM AQUEQUS SYSTEMS

SINTHESYS AND CHARACTERIZATION OF DIFFERENT

17:35-17:40 | 1I-2 | Fodor SHAPED CuyO AND CuyS NANOCRYSTALS

PHOTOCATALYTIC REDUCTION OF CO, OVER Cu/TiO,

17:40 - 17:45 | 11-3 | Tashihi PHOTOCATALYSTS

AN INNOVATIVE PHOTOREACTOR, FluHelik, TO PROMOTE
17:45-17:50 | 11-4 |Espindola UVC/H,0, PHOTOCHEMICAL REACTIONS:
OXYTETRACYCLINE DEGRADATION STUDIES

TYPE I VSTYPE Il PHOTODEGRADATION OF

17:50 - 17:55 | 1I-5 | Martinez Haya POLLUTANTS

CAN SOLAR PHOTO-FENTON COMBINED WITH
ACTIVATED CARBON ADSORPTION REMOVE
ANTIBIOTICS, ANTIBIOTIC-RESISTANT BACTERIA AND
TOXICITY FROM URBAN WASTEWATER

17:55-18:00 | 11-6 | Michael

IRON IMPREGNATED ZEOLITE CATALYST FOR EFFICIENT
18:00 - 18:05 | 1I-7 | Ayoub REMOVAL OF MICROPOLLUTANTS AT VERY LOW
CONCENTRATION FROM MEURTHE RIVER

OPTIMIZATION OF MAGNETIC GRAPHITIC
NANOCOMPOSITES FOR THE CATALYTIC WET PEROXIDE
18:05-18:10 | 1I-8 |Ribeiro OXIDATION OF LIQUID EFFLUENTS FROM A
MECHANICAL BIOLOGICAL TREATMENT PLANT FOR
MUNICIPAL SOLID WASTE

BIODEGRADABILITY ENHANCEMENT OF IONIC LIQUIDS

18:10 - 18:15 | 1I-9 | F. Mena BY CWPO IN AQUEOUS PHASE

18:15 - 18:20 | 11-10 | Gomez Herrero | REMOVAL OF IMIDAZOLIUM ILs BY FENTON OXIDATION

KINETICS OF MICROPOLLUTANT REMOVAL BY SOLAR

18:20 - 18:25 | II-11 | Soriano-Molina | o y70 FENTON WITH FE(IIT)-EDDS AT NEUTRAL pH

20



STUDENT PAPER COMMUNICATION I1I: Ozonization, Electrochemical processes, Wet air oxidation,
Pilot scale AOPs, Disinfection, AOPs for air treatment

(28" June 14:20 - 15:30)

ASSESSING THE APPLICATION OF OZONE-BASED

14:20-14:25 | 1I-1 | Cruz PROCESSES TO PRIORITY PESTICIDES REMOVAL FROM
WATER AND WASTEWATER
14951430 | 2 | Gomes EgFéQEENS DEGRADATION USING OZONE AND VOLCANIC
_ _ HARVESTING ENERGY FROM AIR POLLUTION WITH AN UN-
14:30-14:35 | -3 \VanHal | g\ oEy GAS PHASE PHOTO-ELECTROCHEMICAL CELL
Careia. ELECTROCHEMICAL OXIDATION OF SULFAMETHOXAZOLE,
14:35-14:40 | 14 | 2508 | PROPRANOLOL AND CARBAMAZEPINE IN AN OXYGEN
P OVER SATURED SOLUTION
_ _ . HIGH PERFORMANCE AND DURABLE GRAPHENE-COATED
14:40 - 14:45 | 115} Zuxin CATHODE FOR ELECTRO-FENTON
CATALYTIC WET OXIDATION OF ORGANIC COMPOUNDS
14:45-14:50 | 111-6 | Santos OVER DIFFERENT CARBON NANOTUBES IN BATCH AND
CONTINUOUS OPERATION
1450 1455 | 117 |Murillo- [ SULFAMETHOXAZOLE MINERALIZATION BY SOLAR
: : Sierra PHOTO-ELECTRO-FENTON PROCESS IN A PILOT PLANT
_ _ | JEWELRY CONTAMINANTION INFLUENCE ON MUNICIPAL
14:55-15:00 | 1I-8 | Malvestiti |\, A cTE\WATER DISINFECTION BY UV/H,0,
15001505 | 1110 | Escuadra | D'SINFECTION OF REAL URBAN TREATED EFFLUENTS BY
: : PHOTOCATALYSIS WITH TITANIUM DIOXIDE
Gareia. PILOT SCALE COMPARISON OF BALLAST WATER
15:05 - 15:10 | 11-10 GZr; a TREATMENTS BY SOLAR RADIATION-SRAD, UV, H,0,,
y UV/H,0,, UV/TIO,, UV/TiO,/H,0,, UVITiO,/H,0,/SRAD
EFFECT OF ILLUMINATION MECHANISM AND LIGHT
_ _ . SOURCE IN HETEROGENEOUS TiO, PHOTOCATALYSIS
15:10-15:15 | 1NI-11 | Filho USING A MICRO-MESO-PHOTOREACTOR FOR n-DECANE
OXIDATION AT GAS PHASE
METHOD TO PREVENT DEACTIVATION DURING
15:15 - 15:20 | 11-12 | Weon PHOTOCATALYTIC VOC DEGRADATION: SURFACE

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

processes

(29" June 9:30 - 10:30)

DEGRADATION OF MICRO-POLLUTANTS BY

9:30-9:35 | IV-1 | Foszpatiezyk | o/ ATSENSITIVE CHITOSAN BEADS
035040 | 1vp | ADdel SAND SUPPORTED TiO, IN A TRAY PHOTOREACTOR FOR
35-9: Maksoud | EMERGING CONTAMINANTS REMOVAL
ADVANCED ANALYTICAL TECHNIQUES APPLIED TO CORK
9:40-9:45 | IV-3 | Ponce Robles | BOILING WASTEWATER TREATMENT AND REUSE BY
USING ADVANCED OXIDATION PROCESSES
PERSULFATE-BASED PHOTODEGRADATION OF BETA-
9:45-9:50 | IvV-4 | Kattel LACTAM ANTIBIOTIC AMOXICILLIN IN AQUEOUS
MATRICES
PHOTOELECTROCHEMICAL GENERATION OF ACTIVE
9:50-9:55 | IV5 | Koo CHLORINE SPECIES FOR WATER TREATMENT UNDER
VISIBLE LIGHT IRRADIATION BY WO3 THIN FILM
THE ELECTROCHEMICAL OXIDATION PROCESSES
6551000 | 1veg | Peziak COMBINED WITH BIODEGRADATION APPLIED FOR
: : Kowalska | REMOVAL OF HERBICIDAL IONIC LIQUIDS — NEW
POTENTIAL HAZARDS
1000 - 1005 | 1y.7 | Cruz del EXPLORING ADVANCED STRATEGIES FOR THE IN-SITU
Alamo TREATMENT OF REAL HOSPITAL WASTEWATERS
. DEGRADATION OF ACID ORANGE 7 BY AN
10:05-10:10 | V-8 | Liu ULTRASOUND/ZnO-GAC/PERSULFATE PROCESS
HETEROGENEOUS ACTIVATION OF
10:10-10:15 | IV-9 | Tao PEROXYMONOSULFATE BY ZINC-MEDIATED

PHOTOCATALYSTS FOR THE DEGRADATION OF ORGANICS
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5™ European Conference on

Prague, Czech Republic, June 25-29, 2017

Environmental Applications of Advanced

Oxidation Processes (EAAOPS)

POSTER SESSION I: Semiconductor photocatalysis
(26" June, 18:30 - 20:00)

Posters have to be on boards in the morning on 26™ June and have to be removed until 8:00 on 27" June.
Board number for each poster is shown in the third column.

SYNTHESIS OF NEDDLE-LIKE BiVO4 WITH IMPROVED

P2-1 |Hong 1 | PHOTOCATALYTIC ACTIVITY UNDER VISIBLE LIGHT IRRADIATION
522 | Hon 5 | SYNTHESIS OF PbMoO, USING A SURFACTANT-ASSISTED
g HYDROTHERMAL METHOD AND THEIR PHOTOCATALYTIC ACTIVITY
523 | Rivas 3 | PHOTOCATALYTIC OXIDATION OF DICHLOROACETIC ACID. PROCESS
MODELLING
po4 |Davididou |4 | UVA-LED VS BLACKLIGHT IRRADIATION FOR THE PHOTOCATALYTIC
TREATMENT OF SACCHARIN
ZnO AND Pt-ZnO PHOTOCATALYSTS: CHARACTERIZATION AND
P2-5 |Jaramillo-Paez |5 | PHOTO-CATALYTIC ACTIVITY ASSESSING BY MEAN OF THREE
SUBSTRATES
52.6 | Sicher g | EXCELLENT PHOTOCATALYTIC ACTIVITY UNDER VISIBLE LIGHT
IRRADIATION OF ZTO/GRAPHENE NANOCOMPOSITES
52.7 | Sicber 2 | ENHANCED SOLAR PHOTOCATALYTIC ACTIVITY OF ZINC OXIDE
NANOCRYSTALS BY SODIUM DOPING
528 | Hidalao g |MONTE CARLO SIMULATION OF A FOUR BLACK LIGHT LAMPS
g PHOTOCATALYTIC REACTOR
no.g |Fereiro- g | ANALYSIS OF THE ADSORPTION MECHANISMS IN THE TiO,/UV
Santiso PHOTOCATALYSIS TO DEGRADE BENZOTHIAZOLE AND ANILINE
5210 | Blommaerts | 10 | MPROVED UV LIGHT EFFICIENCY USING A PHOTOCATALYTIC
SPIRALED REACTOR DESIGN WITH A PLASMONIC TiO, COATING
PHOTOCATALYTIC DECOMPOSITION OF NON-STEROIDAL ANTI-
P2-11 | Asadi 11 | INFLAMMATORY DRUGS IN WATER OVER NS-TiO,: INTERMEDIATES
IDENTIFICATION
BI-LAYER a-Fe,0,/TiO, PHOTOANODES FOR ENERGY AND
P2-12 | Nemeckova |12 | £\\/IRONMENTAL APPLICATIONS
PHOTOCATALYTIC DEGRADATION OF INSECTICIDES BY ZnO AND
P2-13 | Fenoll 13 | Ti0, COATED MAGNETIC NANOPARTICLES UNDER NATURAL
SUNLIGHT
5214 | Satuf 14 | PHOTOCATALYTIC MICROREACTOR FOR INTRINSIC KINETIC
ASSESSMENT
5915 | satuf 15 | UV-APHOTOCATALYTIC REMOVAL OF BIOAEROSOLS OVER TiO;-
COATED GLASS RINGS
PHOTOCATALYTIC OXIDATION OF ANTHRANILIC DIAMIDE
P2-16 | Navarro 16 | INSECTICIDES IN AQUEOUS SLURRIES CONTAINING BINARY OXIDES
OF Ti AND Zn
ZnO COATED MAGNETIC NANOPARTICLES: PREPARATION,
P2-17 | Navarro 17 | CHARACTERIZATION AND PHOTOCATALYTIC DEGRADATION OF
FUNGICIDES UNDER NATURAL SUNLIGHT
po.1g | VAS. 1g | HETEROGENEOUS PHOTOCATALYSIS USING IMMOBILIZED TiO; FOR
Ribeiro THE TREATMENT OF DENIM LAUNDRY WASTEWATER
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YTTRIUM FERRITE/CARBON NITRIDE COMPOSITES FOR THE

P2-19 | Wark 19 PHOTOCATALYTIC DEGRADATION WITH VISIBLE LIGHT
P2-20 | Mansilla 20 | A SIMPLE METHOD TO PRODUCE “BLACK” SEMICONDUCTORS
P2-21 | Krichevskaya |21 STUDY OF GAS-PHASE PHOTOCATALYTIC ACTIVITY OF TITANIA THIN
FILMS
P2-22 Kratofil 29 INFLUENCE OF SYNTHESIS CONDITIONS ON THE PHOTOCATALYTIC
Krehula ACTIVITY OF POLYPYRROLE/ZINC OXIDE COMPOSITES
p2-23 | Klauson 23 PHOTOCATALYTIC ACTIVITY OF QUENCHED FLAME-SYNTHESIZED
TITANIA NANOPARTICLES
P2-24 Tolosana 24 CHLOROPHENOLS AND NITROPHENOLS ABATEMENT BY
Moranchel HETEROGENEOUS PHOTOCATALYSIS IN AQUEOUS EFFLUENTS
p2-25 | Yeun o5 PHOTOCATALYTIC WATER PURIFICATION BY USING NANOMATERIAL
g AND SOLAR REACTOR
ZrO, BASED MATERIALS: PREPARATION, CHARACTERIZATION AND
P2-26 | Garcia-Lopez |26 |PHOTOCATALYTIC ACTIVITY FOR 2-PROPANOL OXIDATION AND CO;
REDUCTION
P2-27 | Aviles-Garcia | 27 INFLUENCE OF TUNGSTEN OR MOLYBDENUM DOPING
CONCENTRATION ON THE PHOTOACTIVITY OF ANATASE TiO;
p2-28 | Ribao 28 THE ROLE OF REACTIVE OXIDATIVE SPECIES IN THE
PHOTOCATALYTIC ACTIVITY OF MODIFIED TiO, CATALYSTS
ROLE OF PLATINUM AND PALLADIUM DEPOSITS ON TITANIUM (1V)
P2-29 | Bednarczvk 29 OXIDE PARTICLES IN THE PHOTOCATALYTIC DEGRADATION OF
y ORGANIC MATERIAL WHILE SIMULTANEOUS HYDROGEN
PRODUCTION
p2-30 | Balaveva 30 WO,-TiO, BASED PHOTOCATALYSIS: TOWARD INDOOR AIR
Y PURIFICATION UNDER VISIBLE-LIGHT ILLUMINATION.
p2-31 M.C.M. 31 Fe/Nb-BASED SOLAR PHOTOCATALYSTS: IMPACT OF DIFFERENT
Ribeiro SYNTHESIS ROUTES ON MATERIAL PROPERTIES
P2-32 | Martin-Sémer |32 INFLUENCE OF LIGHT DISTRIBUTION ON THE PERFORMANCE OF
PHOTOCATALYTIC REACTORS: LED VS MERCURY LAMPS
EVALUATION OF THE INCORPORATION METHOD OF TITANIUM
P2-33 | Fernandes 33 |EFFECT IN ZSM-5 BY PHOTOCATALITIC DEGRADATION IN SITU WITH
MODEL MOLECULE
P2-34 | Souza 34 PHOTOCATALYTIC PERFORMANCE OF MIXED CATALYSTS TiO,/Nb,Os
AND ZnO/Nb,Os APPLIED ON TEXTILE EFFLUENT TREATMENT
APPLICATION OF UV LED/TiO, HETEROGENEOUS PHOTOCATALYSIS
P2-35 | Smolny 35 |FOR REMOVAL OF METHYL ORANGE DYE FROM CARBONATE
CONTAMINED TEXTILE WASTEWATER
P2-36 | Fernandes 36 PHOTOLYTIC REMOVAL OF SULFAMETHOXAZOLE UNDER UV-B
RADIATION
HOW Sn AND Zn SPECIES AFFECT BOTH THE PHYSICOCHEMICAL
P2-37 | Rimoldi 37 |PROPERTIES AND THE PHOTOCATALYTIC POWER OF N-DOPED NANO
TITANIA.
PHOTOOXIDATION OF DIFFERENT ENDOCRINE DISRUPTING
P2-38 | Calin 38 |CHEMICALS IN WASTEWATER USING ZINC OXYDE AS
PHOTOCATALYST
p2-39 | Souza 39 PHOTOCATALYTIC DEGRADATION OF BIODIESEL USING TiO,/H,0;
AND GOETHITE/H,0,
P2-40 | G. Vargas 40 A COMPARATIVE STUDY OF TiO, NANOTUBES SYNTHETIZED USING

DIFFERENT METHODS
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TiO,CATALYSTS SUPPORTED WITH Pd NANOPARTICLES FOR UV-LED

P2-41 | Kozlov 41 PHOTOCATALYTIC OXIDATION OF CARBON MONOXIDE
p2-42 | Ferrari Lima | 42 | RESPONSE SURFACE ANALYSIS OF PHOTODEGRADATION OF TEXTILE
WASTEWATER BY PEROVSKITE-TYPE PHOTOCATALYTS
5243 | Bianco Prevot | 43 | EFFECT OF LIGHT AND TEMPERATURE ON THE CATALYTIC ACTIVITY
OF Ce-DOPED STRONTIUM FERRATE IN DYES DEGRADATION.
HYDROTHERMAL SYNTHESIS OF PbM0O,/BiVO, AS A NOVEL
pp.4q | Hemandez |, | HETEROJUNCTION PHOTOCATALYST WITH EFFICIENT
Uresti PHOTODEGRADATION ACTIVITY UNDER SIMULATED SUNLIGHT
IRRADIATION.
5245 | Rivas 45 | STABILITY OF TiO;GRAPHENE CATALYSTS IN PHOTOCATALYTIC
OZONATION
52.45 | Kot 46 | PHOTOCATALYTIC DECOMPOSITION OF METHANOL OVER La/ TiO;
PHOTOCATALYSTS
FACILE SOL-GEL SYNTHESIS FOR THE PREPARATION OF PEROXO
P2-47 | Gyulavéri 47 | GROUP ENHANCED HIGHLY VISIBLE LIGHT ACTIVE ANATASE
TITANIUM DIOXIDES
5948 | Kuvaresa 4 | TIO/ICARBON NANOHYBRIDS FOR PHOTOCATALYTIC DEGRADATION
9 OF ORGANIC COMPOUNDS IN WATER
52.49 | Monfort 49 | PHOTOSPLITTING OF WATER AND PHOTODEGRADATION OF
ORGANICS USING BISMUTH VANADATE/TITANIA PHOTOCATALYSTS
Sincher. SONOCHEMICAL AND HYDROTHERMAL SYNTHESIS OF KBiO;:
P2-50 | 111, 50 |PHOTOCATALYTIC DEGRADATION OF ORGANIC POLLUTANTS AND
artinez OXIDIZING SPECIES STUDY
5251 | Kim 5, | DISTORTED STRUCTURE OF METAL FREE CARBON NITRIDE POLYMER
WITH BENZENE DOPING FOR EFFICIENT PHOTOCATALYTIC ACTIVITY
5252 | Reli o, |PHOTOCATALYTIC DECOMPOSITION OF N0 OVER g-CiNi/WO;
PHOTOCATALYSTS
5953 | Bérdos £5 | THE SYNTHESIS AND PHOTOCATALYTIC PROPERTIES OF NOVEL BiOx
NANOMATERIALS
PHOTO-CEMENTS WITH SELF-CLEANING PROPERTIES FOR NO,
P2-54 | Bahamonde |54 | \g ATEMENT: INFLUENCE OF TITANIA/SILICA COATINGS
5255 | kel £ | ASSESMENT OF PHOTOCATALYTIC AND ORGANIC POLLUTANT
y DETECTION PROPERTIES OF TiO,-WO; NANOCOMPOSITE SYSTEMS
5256 | Avella cg |EVALUATION OF COPPER SLAG AS PHOTOCATALYST FOR GLYCEROL
DEGRADATION WITH A SIMULTANEOUS HYDROGEN PRODUCTION
INCORPORATION OF TITANIUM DIOXIDE AND COPPER ONTO
P2-57 | Coronel 57 | SUPPORT MADE OF COMERCIAL ACTIVATED CARBON FOR PHENOL
PHOTO-CATALYTIC DEGRADATION
OPTIMIZATION OF NITROGEN AND SULFUR CONTENT IN DOPED AND
P2-58 | Zener 58 | CO-DOPED TITANIA THIN FILMS, ACTIVE UNDER VISIBLE LIGHT
ILLUMINATION
SYNTHESIS OF MORPHOLOGY CONTROLLED BISMUTH VANADATE
P2-59 | Kasa 59 |MICROCRYSTALS, AND THEIR PHOTOCATALYTIC ACTIVITY — THE
EFFECT OF THE MATRIX pH
5960 | Kisa 60 | STUDY OF PHOTODEGRATADION INTERMEDIATES USING SPECIFIC
Ti0,-BASED NANOSTRUCTURES
PHOTOCATALYTIC DEGRADATION EVALUATION OF
P2-61 | Paldcio 61 | SULFAMETHOXAZOLE IN A CONTINUOS FLOW REACTOR USING
ARTIFICIAL RADIATION
IMPREGNATION OF TiO, IN SILICA FROM BRAZILIAN CHRYSOTILE:
P2-62 | Paldcio 62 | PREPARATION, CHARACTERIZATION AND APPLICATION AS A

PHOTOCATALYST
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PREPARATION AND CHARACTERIZATION OF ,,TiO,-C*“ HYBRIDE

P2-63 | Veréb 63 MATERIALS

P2-64 | Toth 64 SYNTHESIS AND PHOTOCATALYTIC ACTIVITY OF SILVER-HALIDE
NANOPARTICLES

P2-65 | Toth 65 APPLICATION OF TiO,/WO3; COMPOSITES IN THE PHOTOCATALYTIC
DEGRADATION OF DYE MOLECULES

P2-66 | Haspulat 66 PHOTOCATALYTIC ACTIVITY OF ELECTROCHEMICALLY

P SYNTHESIZED Co DOPED POLYANILINE FILMS

P2-67 | Tsoumachidou | 67 DECOMPOSITION AND DETOXIFICATION OF THE INSECTICIDE
THIACLOPRID BY HETEROGENEOUS PHOTOCATALYSIS

p2-68 | Hamd 68 OXYGEN-DEFECTED ZnO: SYNTHESIS, CHARACTERIZATION AND

y PHOTOCATALYTIC PERFORMANCE

P2-69 | Kedves 69 HYDROTHERMAL SYNTHESIS OF HIERARCHICAL TiO,
NANOSTRUCTURES AND THEIR PHOTOCATALYTIC PERFORMANCE

P2-70 | Kedves 70 HYDROTHERMAL SYNTHESIS AND PHOTOCATALYTIC ACTIVITY OF
TERNARY BiVO,, TiO, AND WO3; COMPOSITE SYSTEMS

P2-71 | Espinoza 71 DIRECT BLUE 1 DEGRADATION BY HETEROGENEOUS

PHOTOCATALYSIS WITH IRRADIATED TITANIUM DIOXIDE

POSTER SESSION I1: UV based processes, Semiconductor photocatalysis,
Fenton and Fenton like processes
(27" June, 18:30 - 20:00)

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

TREATMENT OF HOSPITAL WASTEWATERS BY THE UVC/H,0,/FE
PROCESS: IMPLICATIONS OF PHARMACEUTICALS PRESENCE ON
BACTERIAL AND VIRAL INACTIVATION KINETICS

P1-4

Zhang

MINERALIZATION OF ARTICIAL SWEETENER SUCRALOSE VIA UV/O;
PROCESS

P1-5

Beretsou

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

Tomasevié¢

IMPACT OF ORGANIC SOLVENTS TO PHOTOLYSIS OF METHOMYL

P1-7

Zhou

DEGRADATION OF B2-ADRENOCEPTOR AGONISTS SALBUTAMOL
AND TERBUTALINE BY UV-ACTIVTED PERSULFATE

P1-8

Gmurek

TOXICITY OF AQUEOUS MIXTURE OF PHENOL AND
CHLOROPHENOLS UPON PHTOSENSITIZED OXIDATION INITIATED
BY SUNLIGHT OR VIS-LAMP

P1-9

Garcia Mufioz

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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AN INNOVATIVE PHOTOREACTOR, FluHelik, TO PROMOTE UVC/H,0,

P1-12 | Espindola 12 |PHOTOCHEMICAL REACTIONS: OXYTETRACYCLINE DEGRADATION
STUDIES
EFFECT OF INORGANIC AND ORGANIC SOLUTES ON ZERO-VALENT-
P1-13 | Arslan-Alaton |13 | ALUMINUM-ACTIVATED HYDROGEN PEROXIDE AND PERSULFATE
OXIDATION OF AQUEOUS BISPHENOL A
P1-14 | Martinez Haya |14 |TYPEIVSTYPE Il 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 — 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, SUSPENSIONS
ENHANCED PHOTOCATALYTIC DEGRADATION OF IBUPROFEN IN
P2-77 | Natali Sora 20 | AQUEOUS SOLUTION UNDER VISIBLE-LIGHT IRRADIATION:
EFFECTS OF LaFeO; AND CU-DOPED LaFeO,
SYNTHESIS AND APPLICATION OF TiO,/NZVI NANOCOMPOSITES FOR
P2-78 | Rdez Tajuelo |21 | THE PHOTOCATALITYC REMOVAL OF ARSENIC FROM AQUEOQOUS
SYSTEMS
P2-79 | Rosmaninho 29 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 TiO,-Cu AND TiO,-Cu-Pt NANOCOMPOSITES AND
INVESTIGATING THEIR PHOTOCATALYTIC PROPERTIES
P2-82 | G. Kovécs o5 SYNTHESIS AND CHARACTERIZATION OF VERTICALLY ALLIGNED
CARBON NANOTUBES AND CNT-WO3;-BASED COMPOSITES
M.C.M TOWARDS THE DEVELOPMENT OF TITANIUM DIOXIDE AND
P2-83 Ri.be.iro. 26 | NIOBIUM PENTOXIDE SOLAR PHOTOCATALYTIC COATINGS FOR
WATER TREATMENT
STRATEGIES TO OVERCOME MASS AND PHOTONS TRANSFER
P2-84 | Vilar 27 |LIMITATIONS IN HETEROGENEOUS PHOTOCATALYTIC PROCESSES:
HEXAVALENT CHROMIUM REDUCTION STUDIES
COMPARISON OF TWO METHODS OF BI- AND TRI- ALLOY LAYER
P2-85 | Olejnicek g PLASMA DEPOSITION - MONITORING OF PLASMA PARAMETERS AND
DEPOSITED ALLOYS, ANODIZATION AND PHOTO-ELECTRO-
CHEMICAL CHARACTERIZATION
P2-86 | Plizingrova 29 | N-DOPED 2D-TITANIUM DIOXIDE NANOSHEETS
P2-87 | Franz 30 ELECTROCHEMICAL PHOTOCATALYSIS ON NANOSTRUCTURED TiO,
WIRE MESHES
P2-88 | Kusiak-Nejman | 31 HYBRID CARBON-TiO, SPHERES: INVESTIGATION OF STRUCTURE,
MORPHOLOGY AND SPECTROSCOPIC STUDIES
P2-89 | ZIamal 32 PREPARATION OF MIXED METAL OXIDE PHOTOANODES ON
TRANSPARENT SUBSTRATE BY ANODIC OXIDATION
P2-90 | Brunclikova 33 PREPARATION OF WO3 THIN FILMS USING PULSED PLASMA AND
THEIR PHOTOELEKTROCHEMICAL PROPERTIES
P2-91 Hernandez 34 NO, OXIDATION WITH TiO, PHOTOCATALYSTS MODIFIED WITH
Rodriguez PALLADIUM
P2-92 Tolosana 35 ANALYSIS OF PHOTOCATALYTIC-MECHANISM IN THE
Moranchel PHOTODEGRADATION OF PESTICIDES OVER TITANIA CATALYSTS
PHOTOCATALYTIC DEGRADATION OF PESTICIDES WITH
P2-93 | Calin 36 |ENDOCRINE DISRUPTOR ACTIVITY IN WASTEWATER USING

DIFFERENT TiO, SAMPLES
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PHOTOCATALYTIC ACTIVITY, PHOTOSTABILITY AND

P2-94 | Monfort 37 | ANTIMOCROBIAL PROPERTIES OF SILVER PHOSPHATE AND ITS

COMPOSITE WITH TITANIA
} APPLICATION OF FOAM CERAMICS PANELS AS PHOTOCATALYTIC

P2-95 | Maredek 38 FILTERS
PREPARATION OF MAGNETITE NANOPARTICLES AND THEIR

P3-1 |Nanan 39 | APPLICATION AS CATALYST FOR DEGRADATION OF REACTIVE RED
AZO DYE
ANALYSIS OF THE ORGANOLEPTIC PROPERTIES OF PARACETAMOL

P3-2 |Lomas 40 | AQUEOUS SOLUTIONS OXIDATED WITH SONO-FENTON
TECHNOLOGY

533 | Lomas 41 | EFFECT OF THE AOP APPLIED TO OXIDATE PARACETAMOL IN THE
ORGANOLEPTIC PROPERTIES OF TREATED WATER
CAN SOLAR PHOTO-FENTON COMBINED WITH ACTIVATED CARBON

P3-4 |Michael 42 | ADSORPTION REMOVE ANTIBIOTICS, ANTIBIOTIC-RESISTANT
BACTERIA AND TOXICITY FROM URBAN WASTEWATER

P35 | pulgarin 43 | CAN SOLAR PHOTO-FENTON AND UVC/ H,O, PROCESSES FIGHT THE
SPREAD OF ANTIBIOTIC RESISTANCE- A MECHANISTIC STUDY

o35 | Lima 44 | APPLICATION OF THE FENTON PROCESS IN A BUBBLE COLUMN
REACTOR FOR HYDROQUINONE DEGRADATION
IRON IMPREGNATED ZEOLITE CATALYST FOR EFFICIENT REMOVAL

P3-7 | Ayoub 45 |OF MICROPOLLUTANTS AT VERY LOW CONCENTRATION FROM
MEURTHE RIVER

P3-8 |Pazos 46 |PREDNISOLONE DRUG DEGRADATION UNDER AOPS: OPTIMIZATION
OPTIMIZATION OF MAGNETIC GRAPHITIC NANOCOMPOSITES FOR

53.0 | Ribeiro 47 | THE CATALYTIC WET PEROXIDE OXIDATION OF LIQUID EFFLUENTS
FROM A MECHANICAL BIOLOGICAL TREATMENT PLANT FOR
MUNICIPAL SOLID WASTE
OPTIMIZATION OF FENTON’S PROCESS FOR OLIVE MILL

P3-10 | Esteves 48 |WASTEWATER TREATMENT: FROM BATCH TO CONTINUOUS FLOW
OPERATION

P3-11 | Garcia Mufioz |49 | FABRICATION OF 3D-PRINTED Fe-DOPED SiC CATALYSTS FOR CWPO
BIODEGRADABILITY ENHANCEMENT OF IONIC LIQUIDS BY CWPO

P3-12 | F. Mena 50 | |N AQUEOUS PHASE

5313 | F. Mohedano |51 | STABILITY OF IRON CATALYSTS FROM SEWAGE SLUDGE FOR IONIC

: LIQUID WASTEWATER CWPO

53.14 | Amat c, |STUDY OF SOLAR PHOTO-FENTON AT DIFFERENT PH FOR REMOVAL
OF CONTAMINANTS OF EMERGING CONCERN

5315 | Massa o3 | HETEROGENEOUS FENTON-TYPE TREATMENT OF AN INDUSTRIAL
EFFLUENT FROM FOREST BIOMASS PROCESSING
HETEROGENEOUS FENTON-LIKE OXIDATION OF SYNTHETIC

P3-16 | Massa 54 | PHENOLIC EFFLUENTS IN A CONTINUOS REACTOR, USING
ALUMINA-BASED MATERIALS

o317 | Alvarez- cc | BOOSTING THE ACTIVITY OF NATURALLY-OCCURRING MAGNETITE

Torrellas FOR CATALYTIC WET PEROXIDE OXIDATION
Alvarer. EXPLORING THE CATALYTIC PROPERTIES OF IRON AND NIQUEL

P3-18 | T 1o 56 | SUPPORTED-ZEOLITES FOR THE REMOVAL OF CAFFEINE FROM
HOSPITAL WASTEWATER

53.19 | Munos =7 | KINETICS OF IMIDAZOLIUM-BASED IONIC LIQUIDS DEGRADATION
IN AQUEOUS SOLUTION BY FENTON OXIDATION

P3-20 | Gomez Herrero |58 | REMOVAL OF IMIDAZOLIUM ILs BY FENTON OXIDATION

5321 | Tomageuic cg | DEGRADATION OF NICOSULFURON BY FENTON AND FENTON LIKE
PROCESSES
APPLICATION OF DIFFERENT NANOSIZED HEMATITES IN A NOVEL

P3-22 | Huang 60 |HETEROGENEOUS PHOTO-FENTON SYSTEM USING EDDS AS IRON

CHELATING AGENT AT NEUTRAL PH
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UNVAILING THE EFFECT OF WASTE-DERIVED SUBSTANCES, IRON

P3-23 | Bianco Prevot |61 | AND H,0, CONCENTRATION ON THE PHOTO-FENTON DEGRADATION
OF PENTACHLOROPHENOL
LOW CONSUMPTION LED AS RADIATION SOURCE FOR THE

P3-24 | Soriano-Molina | 62 | ELIMINATION OF INDUSTRIAL PESTICIDES BY THE PHOTO-FENTON
PROCESS

P3-25 | Soriano-Molina | 63 KINETICS OF MICROPOLLUTANT REMOVAL BY SOLAR PHOTO-
FENTON WITH Fe(111)-EDDS AT NEUTRAL pH
MICROPOLLUTANT DEGRADATION BY SOLAR HETEROGENEOUS

P3-26 | Esteban Garcia |64 |PHOTO-FENTON AT NEUTRAL PH USING METALLURGICAL COPPER
SLAG

p3-27 | Erontistis 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 | Martinez 67 ECOFRIENDLY AND EFFECTIVE Fe-BTC CATALYST FOR FENTON-
LIKE PROCESSES IN THE REMOVAL OF AQUEOUS POLLUTANTS
ORDERED MESOPOROUS ALUMINA-SUPPORTED METAL OXIDES AS

P3-30 | Pintar 68 |FENTON-LIKE CATALYSTS TOWARDS THE PEROXIDATION OF
PHENOL
LIFE CYCLE ASSESSMENT, OPERATIONAL STRATEGIES AND

p3-31 G_risales- 69 MULTIVARIABLE ANALYSIS: KEY ELEMENTS FOR THE EVALUATION

Cifuentes OF ECONOMIC AND ENVIRONMENTAL ASPECTS IN FENTON
PROCESSES
Grisales- INTENSIFICATION OF FENTON AND PHOTO-FENTON PROCESSES:

P3-32 Cifuentes 70 |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
ISOLATION OF KLEBSIELLA PNEUMONIAE FROM MARINE SHRIMP

P10-1 | Moreno-Andrés | 72 | FARMS AND ITS INACTIVATION BY ADVANCED OXIDATION
PROCESSES
EFFECTS OF DIFFERENT PHOTOCHEMICAL TREATMENTS ON

P10-2 | Moreno-Andrés | 73 | MARINE BACTERIA: INACTIVATION AND POST-TREATMENT

EVALUATION

POSTER SESSION I11: 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" June, 15:30 - 17:00)

Posters have to be on boards in the morning on 28" June and have to be removed until 8:00 on 29" June. .
Board number for each poster is shown in the third column.

P51 |Tsoi 1 DECONTAMINATION OF SEA WATER USING PHOTOCATALYTIC
OZONATION

P52 | Villota 2 pH EFFECT ON THE OZONATION TREATMENT APPLIED TO OXIDATE
DRUGS (PARACETAMOL, TRIMETHOPRIM, CIPROFLOXACIN)

P53 | Martin 3 THE USE OF OZONE FOR TREATMENT OF LANDFILL LEACHATE IN
COMBINATION WITH USUAL MICROBIOLOGICAL PROCESSES

P54 | Goi 4 CATALYTIC OZONATION OF TRIMETHOPRIM IN AQUEOUS SOLUTION
BY IN SITU GENERATED HYDROUS MANGANESE OXIDE
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RECOVERY OF BIOLOGICALLY TREATED TEXTILE WASTEWATER BY

P5-5 | Okten 5 OZONATION AND SUBSEQUENT ELECTRODIALY SIS 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 | Vesely 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
Garcia- ELECTROCHEMICAL OXIDATION OF SULFAMETHOXAZOLE,
P6-2 Espinoza 11 |PROPRANOLOL AND CARBAMAZEPINE IN AN OXYGEN OVER
SATURED SOLUTION
HOW CAN BE AVOIDED THE FORMATION OF PERCHLORATES DURING
P6-3 | Cotillas 12 |ELECTROLYSIS WITH DIAMOND ANODES - COMPARISON OF
STRATEGIES
P64 | Sanroman 13 DEGRADATION OF PYRROLIDINIUM AND PHOSPHONIUM-BASED
IONIC LIQUIDS BY ANODIC OXIDATION
P65 | 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
EFFECT OF OPERATION PARAMETERS ON THE REMOVAL OF
P6-7 Ridruejo 16 | TETRACAINE BY ELECTROCHEMICAL AOPS, ASSESSMENT OF
REACTION BY-PRODUCTS AND EVOLUTION OF TOXICITY
P68 | Guelfi 17 DEGRADATION OF THE HERBICIDE S-METOLACHLOR BY
ELECTROCHEMICAL AOPS USING A BORON-DOPED DIAMOND ANODE
P6-9 Dominguez 18 LINDANE DEGRADATION IN AQUEOUS MEDIUM BY ELECTRO-
Torre 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 CIO, SYNTHESIS WITH
ELECTROCHEMICAL CHLORINE DIOXIDE GENERATION
ELECTROCHEMICAL OXIDATION OF LANDFILL LEACHATE —
P6-12 | Ambauen 21 |DEGRADATION PEROFMANCE OF SALICYLIC ACID UNDER NORDIC
CLIMATE CONDITIONS USING ACTIVE AND NON-ACTIVE ANODES
P6-13 | Diban 29 ELECTROCHEMICAL MINERALIZATION OF NAPHTHENIC ACIDS
MODEL SOLUTION ON BORON-DOPED DIAMOND ANODES
CATALYTIC WET OXIDATION OF ORGANIC COMPOUNDS OVER
P7-1 | Santos 23 |DIFFERENT CARBON NANOTUBES IN BATCH AND CONTINUOUS
OPERATION
PO-1 | Andryskovd |24 SPECTROSCOPIC CHARACTERIZATION OF THE REDUCTION
MECHANISM OF CHROMIUM(VI) BY NzVI
THE FEASIBILITY OF SIDERURGICAL WASTE AS SOURCE OF ZERO
P9-2 | Starling 25 | VALENT IRON TO TREAT ARSENIC CONTAMINATED WATER UNDER
OXIC AND ANOXIC CONDITIONS — LABORATORIES BATCH TESTS
DEGRADATION OF (POLY)CHLORINATED BENZENES AND BIPHENYLS,
P9-3 | Weidlich 26 | THE COMPARISON ON EFFICIENCY OF CHEMICAL OXIDATION AND
REDUCTION
P10-3 Nahim- 27 SOLAR WATER TREATMENTS FOR FRESH-CUT PRODUCE INDUSTRY::
Granados SANITATION AND REDUCTION OF THE WATER CONSUMPTION
Rodriguez- COMPARISON OF SULPHATE AND HYDROXYL RADICALS FOR
P10-4 Chueca 28 | 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

Rodriguez
Gonzalez

30

EFFECTIVE PHOTOINACTIVATION OF THE PLANT PATHOGENIC
PSEUDOMONAS SYRINGE BY USING SILVER-TITANATE NANOTUBES

P10-7

Martin-Somer

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/H,0,

P10-9

Escuadra

33

DISINFECTION OF REAL URBAN TREATED EFFLUENTS BY
PHOTOCATALYSIS WITH TITANIUM DIOXIDE

P10-10

Vesela

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 TiO, 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, HN/H,O, AND NEAR NEUTRAL PHOTO-FENTON

P10-15

Garcia-Garay

39

PILOT SCALE COMPARISON OF BALLAST WATER TREATMENTS BY
SOLAR RADIATION-SRAD, UV, H,0,, UV/H,0,, UV/TiO,, UV/TIO, /H,0,,
UV/TiO,/H,0,/SRAD

P12-1

Garcia-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 Na,S,05 AND TiO,/Na,S,03 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 TiO, PHOTOCATALYSIS USING A MICRO-MESO-
PHOTOREACTOR FOR n-DECANE OXIDATION AT GAS PHASE

P14-3

Troppova

49

THE ELIMINATION OF THE WASTE AIR EMISSIONS BY
PHOTOCHEMICAL OXIDATION

P14-4

Weon

50

METHOD TO PREVENT DEACTIVATION DURING PHOTOCATALYTIC
VVOC DEGRADATION: SURFACE MODIFICATION OF TiO, WITH
PLATINUM AND FLUORIDE

31



FLUID DYNAMICS AND REACTION MODELING OF UV REACTORS FOR

P14-5 | Montecchio |51 | 555p AND VOC-S ABATEMENT APPLICATIONS
b1ag |Cabrera- 5, |AOP-DRIVEN FOR THE REGENERATION OF SILOXANE-EXHAUSTED
Codony INORGANIC ADSORBENTS
o161 | Kment c3 | METAL DOPED BiVO, THIN FILMS AS EFFICIENT PHOTOANODES FOR
PHOTOELECTROCHEMICAL WATER SPLITTING
p16.p |Rodrigiez |, | WATER SPPLITING HYDROGEN PRODUCTION BY STRONTIUM
Gonzalez TITANATE NANOCUBES.
— PHOTOCATALYTIC REDUCTION OF CO, OVER Cu/TiO,
P16-3 | Tashihi 55 | PHOTOCATALYSTS
IMPROVEMENT OF METHANE POTENTIAL FROM PURPLE
P16-4 | Martinez 56 |PHOTOTROPHIC BACTERIA BIOMASS BY ADVANCED OXIDATION
PRE-TREATMENTS
THERMAL SULFIDATION OF Fe,0; HEMATITE TO FeS, PYRITE THIN
P16-5 |Kmentova |57 |ELECTRODES: CORRELATION BETWEEN SURFACE MORPHOLOGY

AND PHOTOELECTROCHEMICAL ACTIVITY

POSTER SESSION 1V: AOPs for water treatment, Coupling of AOPs with
other processes
(29" June, 11:00 - 12:30)

Posters have to be on boards in the morning on 29" June.
Board number for each poster is shown in the third column.

P13-1 Rézsa 1 TRANSFORMATION OF THIACLOPRID IN AQUEOUS SOLUTIONS BY
RADIATION PROCESSES
OXIDATIVE DEGRADATION OF METHYLENE BLUE IN AQUEOUS

P13-2 Ferrari Lima 2 ELECTROLYTE INDUCED BY PLASMA FROM A DIRECT GLOW
DISCHARGE

P13-3 Foszpafczyk 3 DEGRADATION OF MICRO-POLLUTANTS BY PHOTOSENSITIVE
CHITOSAN BEADS

P13-4 Abdel- 4 SAND SUPPORTED TiO; IN A TRAY PHOTOREACTOR FOR EMERGING

Maksoud CONTAMINANTS REMOVAL

P13-5 Liu 5 DEGRADATION OF ACID ORANGE 7 BY AN ULTRASOUND/ZnO-
GAC/PERSULFATE PROCESS
OPTIMIZED DYE-HOUSE WASTEWATER TREATMENT BY PHOTO-

P13-6 Rodrigues 6 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 Martin 9 MINERALIZATION OF ANILINE USING HYDROXIL/SULFATE
RADICAL-BASED TECHNOLOGY

P13-10 | San Martin 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
CATALYTIC WET AIR OXIDATION OF BISPHENOL A SOLUTION IN A

P13-12 | Zerjav 12 | TRICKLE-BED REACTOR OVER SINGLE TiO, POLYMORPHS AND
THEIR MIXTURES
DEGRADATION OF EIGHT PHENOLIC COMPOUNDS: A COMPARISON

P13-13 | Amat 13 | BETWEEN OZONISATION AND OZONISATION UVA-VIS
COMBINATION
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P13-14

Zajicek

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 pg 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 B-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) — 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
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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®”

 Eawag, Swiss Federal Institute for Aquatic Science and Technology, CH-8600 Diibendorf, Switzerland,
(vongunten@eawag.ch)
® 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®”, H. Hori®, M. Takashima®®, M. Takase®

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

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

¢ 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 (Bi,WOs: 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 (O,),
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(V1)
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 x | " (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 O, 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’, Ruiyang (Ray) Xiao?, Dionysios (Dion) D. Dionysiou®”

'Environmental Engineering and Science Program, University of Cincinnati, Cincinnati, Ohio, USA,
(dionysios.d.dionysiou@uc.edu)
?Institute of Environmental Engineering, Central South University, Changsha, China

In this presentation, Prof. Dionysiou will discuss recent developments of sulfate radical (SO;")
based advanced oxidation processes (AOPs) in removal of organic contaminants. The discussion
includes four parts, 1) SO, basics, 2) SO;~ precursor activation methods, 3) degradation kinetics
and mechanisms of organic contaminants by SO, , and 4) application of SO, 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 Dionysiou’s 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?

& 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. Brezova, Z. Barbierikova

Institute of Physical Chemistry and Chemical Physics, Faculty of Chemical and Food Technology, Slovak
University of Technology in Bratislava, Radlinského 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 [2—4].
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PHOTOELECTROCTROCHEMICAL WATER SPLITTING AT TITANIUM DIOXIDE:
50-YEARS-OLD EVERGREEN

L. Kavan®, H. Krysova?, K. Minhova-Macounova®, P. Krtil?, A. Li Bassi®®, P.Mazzolini®*,
P. Dedk®, J. Rossmeisel®
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(kavan@jh-inst.cas.cz)

® Department of Energy, Politecnico di Milano, via Ponzio 34/3, Milano, Italy

¢ Center for Nano Science and Technology, IT@PoliMI, Via Pascoli 70/3, 1-20133 Milano, Italy
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Since the pioneering work in 1967, water splitting at the UV-excited TiO, has attracted
tremendous interest of academic community. Electrochemical tuning of Fermi level in TiO,
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™ and H" ions from the electrolyte solution on
the electrode surface.[2] While TiO; is traditionally regarded a semiconductor electrode, we have
recently demonstrated metal-like electrochemical properties of special Ta-doped, optically
transparent thin films of TiO, (anatase) with conductivity comparable or even better than that of F-
doped SnO, (FTO) [3]. These quasi-metallic TiO, 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 H, at this
face.[4] In turn, the water oxidation to O, and H,O, is favored on the (110) and (001) faces, as
confirmed by the analysis using rotating ring/disc electrode (Pt-ring/photoexcited-TiO,-disc).
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LOW TEMPERATURE SYNTHESIS ROUTES TO MIXED METAL PHOTOCATALYSTS BY
USE OF IONIC LIQUIDS

M. Wark®, T. Alammar?, A.V. Mudring?

1 Institute of Chemistry, Chemical Technology 1, Carl von Ossietzky University Oldenburg, 26129
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lonic 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 H, [1].

By choice of the IL it is possible to tune the crystallinity, surface area, morphology and
preferentially expressed facets of the obtained material. SrTiOz prepared in [Csmim][Tf,N] showed
the higest crystallinity, while SrTiO3z prepared in [CsmimOH][Tf,N] 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 [CsmimOH][Tf,;N]), to aggregates which were cube-, raspberry- or ball-like
from [Cymim][Tf,N], [C4Py][Tf.N] and [Psss14][TT2N], resp..

SITiO; made in [Cymim][Tf,N]
exposed preferentially {110} facets
leading to superior photocatalytic

- N activity for H, evolution. In contrast,

L 48 4 ) the {100} surface is known to be best

: : o for photocatalytic oxidation of organic

molecules [2]. Using

[CamimOH][Tf;N] as IL in the

sonochemical synthesis of SrTiO;

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. SrSnOs,
indates or Fe,O3. Recent literature reports on IL-assisted syntheses routes for e.g. niobates or
Bi,WOg [3]. These results will be discussed as well in the talk.

(PHO)

+1.0 -

+2.0 -

+3.0

photo-reduction H,0
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DEVELOPMENT OF p-TYPE SEMICONDUCTOR ELECTRODES FOR
PHOTOELECTROCHEMICAL CO; REDUCTION UNDER VISIBLE LIGHT
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CO; is rapidly increased as a result of fossil fuel combustion processes and is a signicant
contributor to the greenhouse effect. The challenge of CO. 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 (CusNb,Og and
CuxZnSnS, modified with buffer layers) whose conduction potential is high enough for CO,
reduction?,

After examining a number of p-type semiconducting metaloxides, we successfully developed a
new p-type CuzNb,Og photocathode that was fabricated through spin coating by a metal
organicdecomposition method. The Cu3Nb,Og photocathode showed p-type property with
confirming Mott-Shottkey analyses and exhibited a strong cathodic photocurrent. The conduction
band potential of p-type CusNb,Og was estimated to be —1.21 V vs. NHE at pH 7 with its
conduction band edge located at a more negative potential than the reduction potential of CO, to
CO. Photocurrent response for CO, reduction was observed and the CO was obtaiened as the main
product by utilizing the CusNb,Og photocathode under AM 1.5 G solar light irradiation. In this
study, the photoelectrochemical properties of the p-type CusNb,Og photocathode are described in
conjunction with optical, electrical and struc-tural properties, and characteristics of the p-type
Cu3Nb,Og photocathode for the photoelectrochemicalreduction of carbon dioxide are discussed.

CuxZnSnS, (CZTS) is one of the promising p-type semiconducting material for
photoelectrochemical CO, 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
In,S3) under visible light irradiation (420 nm < A < 800 nm) in aqueous media. Compared to a bare
CZTS electrode, CZTS electrodes modified with n-type buffer layers (CdS and In,S3), by which a
p—n heterojunction between CZTS and the n-type buffer layer is formed, a significant increase in
the photocurrent was observed for CO; reduction. In addition, product selectivity of CO, reduction
was improved by surface modification with an n-type buffer layer: that is, selective CO, reduction
into CO was achieved by using a CdS/CZTS electrode. On the other hand, HCOOH was obtained as
CO; reduced main product over an In,S3/CZTS electrode. In this study, we investigated the
photoelectrochemical properties of CZTS electrodes modified with n-type buffer layers (CdS and
In,S3) in conjunction with the structural and optical properties, and we investigated their activity for
photoelectrochemical CO, 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, HCIO and/or CIO’", and CIO," [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.

¢) 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.
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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 wastewaters’ 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-
chemical-biological 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/H,0,, UV/S,0g 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 “electrical AOPs” necessarily related with CO,
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 (AOPSs) 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™ most common element amongst the ones contained in Earth’s 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 wiistite 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. H,O; ) via the reaction of 0,
from air with photosensitized NOM. Towards iron oxides, it worth to consider its double action as
heterogeneous photo-Fenton catalyst that take advantage of H,O, generated by photo-excited NOM
and as a semiconductor in a similar way that TiO, but with a lower oxidative power of generated
holes (h*). When H,0, 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 H,O, 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 H,0O, [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?* transported into the cell further imbalances the internal ROS generation, Fe** binds
to the cell wall, facilitating a lingand-to-metal charge transfer (LMCT) and reduces Fe** to Fe®*
while damaging the cell wall [11]. Fe?*** conversion to iron oxides, their presence or voluntary
addition will induce semiconductor action mode, with oxidative damage from the holes (h*) and
generation of 02~ and 'O, by the electrons reacting with O, in the bulk, or HO®, if H,O, (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 TiO, photo-catalysis, and challenges its further use towards chemical
contaminants. New variations, such as ZVI, nano-oxides and other synthesized FeO 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 CO,, water and associated inorganic salts. In this talk, the performance of Ru/TiO,
as well as recently developed nanocrystalline AIR
and metal-free TiO,-based catalysts [2] to Z /l_l\
promote deep oxidation of a variety of organic
pollutants will be presented. Catalytic PREHEATER
formulations will be discussed that allow long-
term operation of the reactor unit. Emphasis will TRICKLE BED
be given to the treatment of aqueous solutions  PURIFIED WATER @?ﬁé‘ﬁmasn
containing emerging contaminants, such as ) S/
bisphenol A and 17p-estradiol (E2). The acute
toxicity and estrogenicity of feed and treated
solutions will be discussed as a complement to WASTE
chemical analyses for assessing the toxicological WATER
impact on the ecosystem [3]. One should note s SEPARATOR
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.

A

GAS

Figure 1. Schematic drawing of a simple
process for catalytic wet-air oxidation.
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PHOTOCATALYST ACTIVITY INDICATOR INKS: AN OVERVIEW
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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 1SO 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 — well-established
assessment techniques, such as the MB 1SO 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].

593 nm 593 nm

Photocatalyst ) Rz Paii

Pressed

6391
639 nm

uv

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].

References
[1] A. Millsand N. Wells, Chem. Soc. Rev. 44 (2015) 2849-2864.

[2] A.Mills, N. Wells, C. O’Rourke, J. Photochem. Photobiol. A, 330 (2016) 86-89.

[31 A. Mills, J. Hepburn, D. Hazafy, C. O’Rourke, N. Wells, J. Krysa, M. Baudys, M. Zlamal, H.
Bartkova, C. E. Hill, K. R. Winn, M. E. Simonsen, E. G. Sggaard, S. Banerjee, R. Fagane and S. C.
Pillaie, J. Photochem. Photobiol. A, 290 (2014) 63-71.

[4] A. Millsand N. Wells, J. Photochem. Photobiol. A, 298(2015) 64-67.

[5] A. Millsand N. Wells, Chem. Commun., 51 (2015) 4161-4163.

[6] A.Mills, D. Yusufu, N. Wells, C. O’Rourke J. Photochem. Photobiol. A, 330 (2016) 90-94.
[71  A. Mills%, N. Wells, C. O’Rourke, J. Photochem. Photobiol. A, 338 (2017) 123-133.

52



KL10

PHOTOCATALYTIC CONVERSION OF CELLULOSE IN A PROPELLER FLUIDISED
PHOTO REACTOR; HYDROGEN EVOLUTION COUPLED WITH FERMENTABLE SUGAR
FORMATION

P. K. J Robertson®", N. Skillen®, S. Nagarajan®, H. Manyar?, L.Lawton®, J.T.S. Irvine°

# School of Chemistry and Chemical Engineering, Queen’s University Belfast, David Keir Building,
Stranmillis Road, Belfast, BT9 5AG, United Kingdom, (p.robertson@qub.ac.uk, n.skillen@qub.ac.uk)

® School of Pharmacy and Life sciences, Sir lan Wood Building
Robert Gordon University, Garthdee Road, Aberdeen, AB10 7GJ, United Kingdom

¢ JTSI Group, University of St. Andrews, School of Chemistry, Purdie Building, North Haugh, St Andrews,
KY16 9ST, United Kingdom;

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
Il. The results have shown that the conversion of micro crystalline cellulose | to Il (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-TiO; 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 TiO,-carbohydrate surface interactions.
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PHOTOCATALYSIS BY SANDWICHED COMPOSITE PARTICLES COMPRISING OF Ag
CORE-SiO,-C3N4 SHELL
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Graphitic carbon nitride (g-CsNgy), 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 (A > 400 nm)
was compared with that of Ag nanoparticles, neat g-CsN4 (prepared by various procedures), Ag-
SiO, 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 C3N,4 on its visible light activity will be discussed.
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Pierre Pichat

"Photocatalyse et Environnement”, CNRS/Ecole Centrale de Lyon (STMS), 69134 Ecully CEDEX, France,
(pichat@ec-lyon.fr).

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 SiO,
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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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 CI" 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 CCl, 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 C,Cl, photocatalytic transformation was
investigated at different experimental conditions, such as at different PCE concentration, TiO,
irradiated area, inlet gas flow and UV irradiance (W-m™). 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: CO,, phosgene, carbon
tetrachloride (CCl,), hexachloroethane (C,Clg) 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 TiO, 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 TiO; surface does not increase the production of gaseous CCly.

The production of active chlorine (sum of Cl,, HCIO and CIO") was investigated both in the
presence of oxygen and in quasi-anoxic conditions. At low O, 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 O, the only possible form of active chlorine is Cl,, the
experimental evidences underline that the produced active chlorine is HCIO/CIO'. Then chlorine
radical has a minor role in the abatement of C,Cl,.

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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PHOTOCATALYTIC AIR-PURIFIERS AND MATERIALS FOR INDOOR AIR: COMPARISON
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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 m® h™* 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 CO,.

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?®) 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 ugm~ for formaldehyde) was observed under real conditions, while they were

completely degraded to CO in the standard experiments.All these data will be commented.
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PHOTOCATALYTIC AND ELECTROCHEMICALLY ASSISTED PHOTOCATALYTIC
DISINFECTION OF WATER
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Since Matsunaga et al. first reported the inactivation of bacteria using TiO, 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 TiO, 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(lll)
species led to the achievement of numerous research projects since the 90’s on the photochemical
redox reaction of Fe(lll) species in atmospheric, oceanic and surface waters [1]. Moreover, the
important role of the Fe(l11) speciation was clearly established. Due to its interesting properties, the
use of iron in the advanced oxidation processes (AOP’s) 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 AOP’s (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 TiO,/REDUCED
GRAPHENE OXIDE COMPOSITES FOR EFFICIENT PHOTOCATALYTIC
DECOMPOSITION OF BISPHENOL A
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Modification of TiO, with reduced graphene oxide (rGO) enables that under UV light irradiation
the electrons in the conduction band (CB) of TiO, 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 TiO,+rGO composite is of crucial importance
because excessive amount of rGO can also exhibit negative influences: (i) light harvesting
competition between rGO and TiO, 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 TiO, nanorods (NRs) by means of alkaline hydrothermal synthesis.
The produced solids with amorphous shell and anatase core (a-TNR) and NRs with pure anatase
TiO, structures (TNR) were hydrothermaly decorated with different amounts of rGO to obtain
TiO,+rGO composites. For both series of the TiO,+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 TiO, 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 TiO, 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 TiO, 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 TiO,+rGO composites
compared to pure TiO, 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 TiO,+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 ug/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™ pg/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 TiO, for PFOA degradation has
been reported [2]. Nevertheless, the combination of TiO, with graphene oxide (GO) could improve
its photocatalytic features, by decreasing the high recombination of electron/hole pairs observed in
TiO, 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 TiO, 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 TiO,-GO composite provided
an unexpectedly high photoactivity, and 99.4 % of initial PFOA was eliminated after 12 h of
irradiation. The PFOA abatement by TiO,-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 CF, unit in each step, generating CO, 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 TiO,-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 (TiO,)
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-CsN4) has been attracting much attention in a variety of (photo)catalytic applications®.
Compared to TiO,, 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 TiO,). In the present work, g-CsN,4 prepared by thermal condensation of
dicyandiamide? (Fig. 1a) was thermally post-treated at 500 °C under different atmospheres (Ha, N2
and air). The resulting materials were used as catalysts for the photocatalytic degradation of phenol
under Vis-LED irradiation (Aexc=410 nm). Thermal pos-treatments under H, and N, increase the
efficiency of g-C3Ng4, 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 TiO-
P25. The results will be discussed in light of chemical, spectroscopic, and textural properties of the
materials.
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Figure 1.: SEM image of g-CsN, (a); apparent first order kinetic constant (ka,,) 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-C3Ny4) 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-C;Nj4 surface uncondensed NH; 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 TiO, (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 O, was the main reactive species. The high
selectivity of g-C3N4 in partial photooxidation was mainly due to its inability to generate
unselective OH’, instead promoting the formation of highly efficient dehydrogenating O," species
by reaction of electrons with atmospheric O,.
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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 °C 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 (Amax = 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 TiO,
with its substantially enhanced solar absorption has triggered a world-wide research interest. In
spite of their remarkable enhancement in visible light absorption, black TiO, 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 TiO, in combination with
hydrothermally treated TiO, nanorods shows significantly improved photoelectrochemical
performance. The synergistic effects enable the black TiO, 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.
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(a) XPS spectra of TiO, and black TiO, (b) Photoelectrochemical measurements

prepared by HiPIMS
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The self-organized TiO, 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 TiO, nanotube layers and a broad range of
consecutive applications including photo-catalysis, solar cells, hydrogen generation and biomedical
uses [1]. The main drawback of TiO, 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, TiO; 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 TiO, by secondary materials such as Al,O3 [4], ZnO [5] or MgO [6] annihilate electron traps at
the TiO, surface and thus increase the photogenerated concentration of charge carriers. Recently, it
has been demonstrated that just a single cycle of Al,O3 [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 TiO, application - including aspects
of optics, geometry and reactor materials — 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 (ps) 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 ps 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 (CRp = 0.57) < SS-F (CRo = 0.63)
< R85s-DP (CRp = 0.71) < SS-SP (CRo = 0.74) < SS-DP (CRp = 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
ps 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
= 0.881) between the pseudo-first order kinetic constants (k, min™) 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 lonic Liquids (ILs) in
aqueous phase. This work studies the degradation of several imidazolium ILs by electrochemical
advanced oxidation processes (electrolysis, electrolysis with H»SO,, photoelectrolysis and
sonoelectrolysis).

The ILs studied consisting of a cation, the 1-buthyl-3-methylimidazolium (Bmim), and three
different anions (chloride (CI), acetate (Ac) and bis(trifluoromethanesulfonyl)imide (NTf,)). The
runs were carried out in a single compartment electrochemical cell equipped with a BDD anode at
30 mA-cm’. The system operated in discontinuos mode using a peristaltic pump (50 L/h) and a
thermostatic batch to maintain the temperature at 30 °C.

Table 1 shows the removal of Bmim of each IL and their mineralization during electrolysis
processes. Electrolysis, containing 3 g-L™* of H,SO4, 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 CI" consecutively oxidized to
ClO3 and CIO, . 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
BmimNTf,, the concentration of the anion remained unalterable regardless of the process tested,
being NTf, 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 Ah-dm™, during electrolysis, electrolysis + H,SO,, photoelectrolysis (UV
lamp with 254 nm at 4 W) and sonoelectrolysis (high frecuency (10MHz) at 200 W).

lonic Liguid BmimcClI BmimAc BmimNTf,
XBmim (%) XTOC (%) meim (%) XTOC (%) XBmim (%) XTOC (%)
Electrolysis 98 82 63 57 100 70
Electrolysis + H,SO, 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 H,O,/mol paracetamol) determines the oxidation performance. Color
kinetics indicate the degradation of paracetamol to intermediate species of colored nature
(pyrogallol, benzoquinones, hydroxyhydroguinone). 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 H,0,=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 ks
(1/AU min) can be adjusted to a second order kinetics, presenting a catalytic dependence of the
order of Fe’* y T2°,
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Figure 1.: Changes of color during the paracetamol oxidation by a photo-Fenton system varying a) catalyst
dosage (R=22.5 mol H,0./mol paracetamol) and b) oxidant dosage (Fe=20.0 mg/L). (Pa,=100.0 mg/L;
pH=3.0; UV=150W; T=25.0°C).
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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") 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 H,0, 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'/H,0, catalyst/oxidant pair for production
of OH-radicals, the ACF system contains Pd/H, as additional catalyst/reductant pair for fast
reduction of Fe'" back to Fe'. Fe'"' 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™)
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, Cy = 0.17 mM), having
pseudo-first order kinetics (k’mtse = 0.061 min™) and a half-life of 11 min with 1 mg L™ dissolved
iron, 500 mg L™ initial H,O,, 5 mg L™ Pd (as suspended Pd/Al,O5 catalyst) and 0.1 MPa H,, 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 H; is inexpensive
and leaves no residuals in the treated water. The effects of varying reaction conditions such as pH,
H, partial pressure and H,O, 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™) as water matrix for
MTBE degradation by ACF, k’mtee 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
(-OH). 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.
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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-Fenton...) 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 (WPQO®). Different reasons prevent its widespread application, among
them the narrow working pH, the high cost of the H,O, 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 H,O, 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].
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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 H,O, and Fe?* oxidation in the anode
or H,O, reduction to H,O 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 (CWPQ) 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? g™) and strong magnetic properties (77.7 emu g™*). 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. The effect of several operating conditions, including reaction temperature
(15-50 °C), catalyst load (Cca = 0.5-2 g L), H,0, 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 H,O, (30 mg L™),
a magnetite load of 1 g L™, pH 5 and ambient temperature (25 °C). The experimental data were
successfully fitted by a pseudo-zero order equation, obtaining an activation energy value of 22 kJ
mol™. 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™ h™) and
showing negligible iron leaching (0.25 mg L™). 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), N, 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? g and 179.8 m? g, 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 (BODs/COD) of the
treated effluent was improved significantly, obtaining values two times higher than the initial one
(BODs/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

H, (SCW) + % O, (SCW) = H,0 (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™. [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 CIlOy 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 CIO, 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. CIO,
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
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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, PAHSs, 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 (Os) 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, Os-H,O,, Os-Fe (both
homogeneous and heterogeneous) and O3-UV-(TiO;) combinations were tested, the O3-H,0,
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, BODs, 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-H,O- 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 H,O, consumption, were found at pH = 10, obtaining a 80% of TOC removal with 4.8 g-h'1 of
O3 production and 1500 ppm of H,O, compared to 57% when working at free pH with the same O3
production and 2000 ppm of H,O,. 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 (NaSO,) 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, it’s 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 Il in water.
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Figure 1.: Comparison of Orange Il removal efficiency (a); Stability of the Fe-Co/SBA-15 catalyst (b) (Co =
100 mg/L, [O3] = 9.8 mg/L, Q = 30 L/h, [catalyst] = 1.5 g/L, T = 20 + 2 °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 Il with bimetallic catalyst
(0.2302 min™) was apparently higher than those of monometallic catalysts (0.1595 min™ for
Fe/SBA-15 and 0.1800 min™ 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 “Photocatalysis” Working Group 3 “Water Purification” (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 TiO;
photocatalyst (Cristal ACTiV™ 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 k¢/ky 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/ky <1. These
results indicate the method’s 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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Excess supply of glycerol, one of the most versatile chemical substances, as a by-product in the
production of biodiesel, has evoked intensive investigations of its transformation into valuable
chemicals or hydrogen using various techniques including photocatalysis. The photooxidation of
glycerol in aqueous suspensions of TiO, photocatalysts revealed several glycerol oxidation products
in the aqueous phase, e.g., 1,3-dihydroxyacetone (DHA), glyceraldehyde (GAD), formic acid and
carbon dioxide. In the detailed study of glycerol photocatalytic oxidation in the TiO, systems, the
production of GAD and DHA was assigned to *OH-mediated mechanism, while formaldehyde and
glycolaldehyde were attributed to the direct electron transfer. Despite these findings, only a little
attention has been devoted to the detection of radicals produced upon photocatalytic transformation
of glycerol.

The reactive radical species generated upon UVA irradiation of titania suspensions containing
glycerol were monitored in situ using EPR spin trapping technique. The photoexcitation of aerated

(al) (b1) TiO, suspensions in the presence of spin trapping agent
5,5-dimethyl-1-pyrroline N-oxide (DMPO) resulted in the

-'J\/-'J formation of four-line EPR signal typical for the *DMPO-

OH spin-adduct (an=1.494 mT, ay=1.470 mT; Fig. al).

(82) (b2) The addition of glycerol into the photocatalytic system
caused a decrease of “DMPO-OH signal intensity due to

the competitive reactions of *OH radicals with glycerol.

(@3) (b3) The abstraction of a hydrogen atom from the available
carbon atoms produces hydroxyalkyl radicals which may

be trapped by DMPO. The six-line signals of carbon-

»/WM centred spin-adducts with slightly different hyperfine

coupling constants (an=1.585 mT, ay=2.222 mT and

an=1.590 mT, ay=2.333 mT) were well recognizable in
Figure: Changes in EPR spectra the experimental EPR spectra (Fig. bl,a2). Further
(magnetic field sweep 7 mT) monitored  jnerease in the initial glycerol concentration lead to a
inUVA _ irradiated — systems - o igeant suppression of the *DMPO-OH signal and the
glycerol/TiO,/DMPOQO/water/air upon . .
increasing initial  concentration  of ca_rbon-centred spl_n-a(_:lducts dominated the EPR spectrum
glycerol (al-a3) or TiO, loading (b1~ (Fig.@3). The oxidation of the photogenerated carbon-
b3). centred radicals results in the formation of GAD and DHA

detected previously during the photocatalytic oxidation of
glycerol in TiO, suspensions, however the high oxidation power of aerated TiO, may induce the
over-oxidation of the primary products up to carbon dioxide. The spin trapping experiments using
higher titania loading revealed the generation of a six-line signal attributed to *DMPO-CO,
(Fig. b2,b3). The results of the EPR spin trapping study point to the strong impact of experimental
conditions, e.g. glycerol, titania, spin trap or oxygen concentration on the character of spin-adducts
generated, i.e. on the reactive radical species formed in the system.
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Methods of photocatalytic purification of water and air widely are developed over last decades.
Titanium dioxide is well-known photocatalyst because it is the most active metal oxide
semiconductor among heterogeneous photocatalysts. Unfortunately, titanium dioxide is active only
under UV irradiation (A<380 nm) which occupies only about 4% of the solar light spectrum. At the
same time visible light (A>400 nm) occupies about 43% of the Sun irradiation. This is the reason
why many researchers are trying to develop visible-light-driven photocatalysts.

It is known that uranyl ions could be sensitized by visible light and after excitation the oxidizing
potential of uranyl ions becomes as high as 2,6-2,7 V [1]. At the same time the gas phase
photocatalytic oxidation of organic species with uranyl-modified photocatalysts are weakly
investigated. Spectral characteristics as well as uranyl quantity, nature of the support and electronic
structure are not studied. These questions were the subject of our study.

Photocatalyst samples were synthesized by incipient wetness impregnation method with the use
of TiO, (anatase), CeO,, y-Al,03 and SiO; as support. The UO,(NO3), content was varied from 0.2
to 10 wt.%. Photocatalytic oxidation of acetone, ethanol, diethylsulfide and other VOCs was
investigated.

Although pure unmodified TiO, was not active under visible light (A>420 nm) it was found to be
the best support for uranyl nitrate and the UO,(NO3),/TiO, sample demonstrated highest
photooxidation rate up to 500 nm incident light wavelength [2].

Silica, alumina and titania samples with deposited uranyl nitrate were examined by the
luminescence spectroscopy. It was found that UO,(NO3),/TiO, sample does not luminesce when
excited with UV light (320 nm) and only slightly luminesce if excited with visible light (430 nm)
unlike the uranyl modified silica and alumina which luminesce strongly in both cases.

Suggestion was made that uranium species becomes more labile if deposited on the surface of
TiO, and less labile if deposited on the SiO, or Al,O3 surfaces and uranyl liability correlates with
photocatalytic activity.

The subsequent experiments by the XPS in situ method demonstrated that indeed on the surface
of titania samples U®* is easily reduced to U** under UV illumination and its backward reoxidation
under O, exposure is quick. At the same time on the surface of silica and alumina samples U%* is
hard to be reduced to U>* under UV illumination and backward reoxidation is negligible.

Possible explanation of the increase of uranyl photocatalytic activity when it is deposited onto
the TiO, surface is its photophysical interaction with the TiO, energy states.

Acknowledgements
This work was conducted in the framework of budget project for Boreskov Institute of Catalysis.

References

[1] T.N. Filippov, P.A. Kolinko, D.V. Kozlov et al., Kinetics and Catalysis 57 (2016) 191.

[2] P. A. Kolinko, T. N. Filippov, D. V. Kozlov, V. N. Parmon, J. Photochem. Photobiol. A. 250 (2012)
72.

87



026

COMPETITIVE REACTIONS OF ALCOHOLS AS A POWERFUL TOOL FOR ELUCIDATION
OF MECHANISMS OF HYDROGEN PHOTOCATALYTIC PRODUCTION

J. Hidalgo-Carrillo, F.J. Lopez-Tenllado, E. Sanchez-Lopez, A. Parejas, A. Marinas,
J.M. Marinas and F.J. Urbano.

Departamento de Quimica Organica. Universidad de Coérdoba. Edificio Marie Curie. E-14014-Cordoba,
Spain, (Jesus.hidalgo@uco.es)

Hydrogen is an important energy carrier whose combustion produces only water. Nevertheless, it
does not naturally exist on the earth. Therefore, sustainability of the use of hydrogen as an energy
source depends on the method of its obtaining. Among the different options, photo-reforming has
attracted the attention since, unlike thermal reforming or gasification, it can be exploited under
ambient conditions and using sunlight.

This piece of research explores the production of hydrogen from different alcohols. In order to
cast further light on reaction mechanisms, competititive reactions were carried out.

One such example is illustrated in Figure 1. Under our experimental conditions, photocatalytic
transformation of two C-3 alcohols, glycerol and propan-2-ol, could be expressed by the following
equations:

C3HgO5; + 3H,0 — 3C0, + 7H, (glycerol photo-reforming) (1)

CsHgO — C3H0 + H, (propan-2-ol dehydrogenation to acetone) (2)

Individual experiments starting from alcohol aqueous solutions (10% v/v in water, ca. 1.3M)
evidenced a much higher hydrogen production on 0.5%Pt/TiO, from propan-2-ol as compared to
glycerol. This can seem a bit surprising given the fact that hydrogen production from glycerol is
stoichiometrically favored (hydrogen/substrate ratios of 7:1 and 1:1 for equations 1 and 2,
respectively). Competitive reactions starting from a 0.1% glycerol/10% propan-2-ol (Fig.1)
evidenced the stronger adsorption of glycerol as compared to propan-2-ol whereas propan-2-ol
generates acetone whose adsoption on the catalyst is very low. Some other competitive reactions
were carried out on diverse substrates (e.g. propanediols) thus casting further light on the reaction
mechanisms.

Propan-2-ol
dehydrogenation

Llycerol photo-reforming

H, rate |

0 200 400 600 800 1000
Time (min)

Figure 1.: Competitive reaction starting from a 0.1% glycerol/10%isopropanol aqueous solution.
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This study demonstrated that a laboratory-scale recirculation closed-loop reactor can be an
efficient technique for the determination of the Clean Air Delivery Rate (CADR) of PhotoCatalytic
Oxidation (PCO) air purification devices. The experimental recirculation closed-loop reactor
(Figure 1) was modeled by associating equations related to two ideal reactors: a perfectly mixed
reservoir with a volume Vg = 0.42 m® and a plug flow system corresponding to the PCO device
with a volume Vp = 5.6 10 m®. The PCO device was composed of a pleated photocatalytic filter
(1100 cm?) and two 18W UVA fluorescent tubes. Based on the assumption that the ratio between
the residence time in the PCO device and the residence time in the reservoir tp/ 1 tends to 0, the
model highlights that the lab closed-loop reactor given at Figure 1 can be an efficient technique for
the determination of the CADR of PCO devices. Theoretically, the decrease in pollutant
concentration over time is described by Eq (1) which can be simplified according to a first-order
decay model (Eg. 2) in the case where the ratio CADR/Q does not exceed some %.

€= Coexp{~[1 —exp (=557 @
C=Cyexp (—t CéER) 2

Experimentally, the CADR of the apparatus was measured under different operating conditions.
The influence of three operating parameters was investigated: (i) light irradiance | from 0.10 to 2.0
mW cm™; (ii) air velocity v from 0.2 to 1.9 m s™; (iii) initial toluene concentration Cq (200, 600,
1000 and 4700 ppbv). The results showed that the conditions needed to apply a first-order decay
model to the experimental data were fulfilled. The CADR values, ranging from 0.35 to 3.95 m® h™,
were mainly dependent on the light irradiance intensity. A square root influence of the light
irradiance was observed. Although the CADR of the PCO device inserted in the closed-loop reactor
did not theoretically depend on the flow rate, the experimental results did not enable the
confirmation of this prediction. Nevertheless, this study demonstrated that a recirculation closed-
loop pilot could be used to develop a reliable standard test method to assess the effectiveness of
PCO devices.

~ —‘|'— / l :\:“tj Photocatalytic module| C , ‘“‘I - I i l
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Figure 1.: Schematic representation of the closed-loop reactor used for the CADR determination.
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UV-LED photocatalytic oxidation of volatile organic compounds (VOCSs) including acetone,
alcohols and hydrocarbons over three commonly used commercially available TiO, (TiO;, P25,
TiO, Hombifine N, and TiO, KRONOS vlp 7000) and synthesized TiO, photocatalysts was
investigated using FTIR in situ method. A special attention in this study was paid to the formation
of final oxidation products and the kinetics of their accumulation. The reactions were conducted
under different UV light intensities, initial concentrations of substrates, humidities, and
temperatures.

Analysis of the IR spectra revealed the formation of CO along with CO, and H,O as final
products in the photocatalytic oxidation of VOCs over all the TiO, photocatalysts. No other final
products were detected. The method of spectral subtraction by minimizing the IR spectrum length
(1) was applied to accurately calculate the CO concentration. The conversion of organic substrates
to CO did not exceed 5%. For example, the acetone conversion to CO was less than 1% and
benzene had the highest conversion to CO (appr. 5%) among all the oxidized substrates. The
differential selectivity of CO, formation towards CO formation, which was defined as the initial
CO, rate divided by the sum of the initial CO, and CO rates, was used to investigate the effect of
the experimental parameters and the photocatalyst type on the product distribution.

The experimental conditions including light intensity, initial concentration and humidity as well
as the photocatalyst type and its special pretreatment by sulfation or calcination did not exhibit a
significant effect on the differential CO, selectivity during the acetone oxidation. On the other hand,
an increase in the reaction temperature resulted in a decrease in the CO, selectivity. A stronger
influence was observed for the type of oxidizing substrate. The increase in the number of carbon
atoms in the homologous series of C,-C,4 alcohols and Cg-Cy alkanes slightly decreased the CO,
selectivity. The most substantial effect was related to the extent of unsaturation in the Cg
hydrocarbons. The CO; selectivity decreased from 98.9% for hexane to 93.3% for benzene (2) that
correspoended to a high rate of CO formation.

The results indicate that from a practical point of view, for the oxidation of substances with a
concentration less than 10 ppm, the formation of CO will not play a significant role because its
quantity will be very small (ppb level). However, with regards to the oxidation of highly
concentrated mixtures (100-1000 ppm) or aromatic mixtures, this problem is more important.

We show that the evaluation of CO in the gas phase during the photocatalytic oxidation of VOCs
can be completely prevented by the deposition of d-metals on the TiO, surface.

Acknowledgements
The study was funded by RSF according to the research project No.17-19-01372.

References
[1] D. Kozlov, A. Besov Appl. Spectrosc. 65 (2011) 918.

[2] D.S. Selishchev, N.S. Kolobov, A.A. Pershin, D.V. Kozlov Appl. Catal. B: Environ. 200 (2017) 503.

90



029

THE INFLUENCE OF CURING METHODS ON THE PHYSICO-CHEMICAL PROPERTIES OF
PRINTED MESOPOROUS TITANIA PATTERNS REINFORCED BY METHYLSILICA
BINDER

P. Dzik?, M. Vesely?, M. Neumann-Spallart® , T. Homola®, J. Kelar®

# Faculty of Chemistry, Brno University of Technology, Purkyfiova 118, 612 00 Brno, Czech Republic,
(petr@dzik.cz)

® Groupe d’Etude de la Matiére Condensée (GEMaC), CNRS/Université de Versailles/Université Paris-
Saclay, 45, avenue des Etats-Unis, 78035 Versailles CEDEX, France

¢ R&D Center for Low-Cost Plasma and Nanotechnology Surface Modifications (CEPLANT), Department
of Physical Electronics, Faculty of Science, Masaryk University, Kotlaiskd 267/2, 611 37 Brno, Czech
Republic

Transition metal oxide and silica mixtures represent a perspective group of active materials that
have recently been proposed for various heterogeneous photocatalysis processes. Surprisingly,
silica present in small amounts is not detrimental for charge transport in the hybrid semiconductor-
silica layer and among other applications allows for the fabrication of titania-silica photoanodes and
other photonic components[1].

In this paper, we report about the influence of post-printing curing on the physico-chemical
properties of silica-bonded particulate titania photoanodes. A previously optimized printing
protocol[2] was used for fabricating photoanodes of various areas and thicknesses. The employed
,,ink*“ consisted of commercial titania nanoparticles (Evonik P-25) and a recently reported organo-
silica binder[3]. The previous studies proved that the presence of the binders is beneficial for a
number of reasons (stability of the stock suspension, rheological behavior during inkjet printing and
bonding of the printed nanoparticles). However, the soluble organo-silica binder needs to be
mineralized in order to render it fully insoluble and to significantly improve the mechanical
properties of the printed layers.

Three different processes have been employed for this purpose: (a) thermal annealing by
convection heating in an electric furnace, (b) UV-curing with a high pressure mercury vapour lamp,
and (c) atmospheric plasma treatment in a coplanar dielectric barrier discharge. In our preceeding
communications [1, 2, 4], we have separately described all the three methods and we have shown
that they are indeed capable of oxidizing the residual methyl moieties present in the binder and
convert it into amorphous silica. However, the rate and the extent of the process is significantly
different in the three cases and so are the resulting physicochemical properties of the treated
photoanodes. Moreover, our understanding of the processes accompanying the binder
mineralization as well as our instrumental capabilities have evolved during the work. Thus a
systematic study disclosing a side-by-side comparison of the three methods used for identical
parallel sample sets is presented.
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Lately new cities like Madrid or Barcelona have been added to the list of cities with a high level
of NOy in the air. Annoying traffic restrictions and increases in hospital admissions appear as the
consequences of it.

The growing worry has given place to the scientists focussing their effort on economical and
sustainable process to fight the NOy pollution. A rising number of articles about NOx oxidation by
photocatalysis give evidence of the effectiveness of this process. However, up to this moment they
have not been organized and reviewed. It is thought that more effective photoactive products could
be commercialized if a more systematic study is carried out. In this sense, this communication will
try to summarize and to share the most relevant results obtained by a pre-doctorate work.

All catalysts were deposited by a dip-coating technique onto borosilicate 3.3 glass plates and
quantification of NOy was performed using a Horiba APNA-370 N/S analyzer. The results are
expressed as percentages of degraded NO and selectivity of NO degradation to ionic species.
Besides, nitrate was quantified and compared with the theoretical value. Several characterization
techniques such as XRD, TEM, SEM, XPS, BET were used to explain the differences in activity
showed by the samples.

To begin a comparison of various commercial catalysts is made. These are: Aeroxide TiO, P25,
Aeroxide TiO, P90, Hombikat UV-100, Kronos vIp7000, CristalACTIV PC105, CristalACTIV
PC500, Kemira 650 and Anatasa Aldrich. The variables studied were: catalyst load, initial
concentration of NO, humidity, radiation and illumination time.

Afterwards the catalyst P25 was selected to be modified superficially with metals (Pd, Au, Pt and
Ni). One new variable was included, that is, the method of deposition. Pt and Au were studied by
photodeposition and chemical reduction, Ni by impregnation and chemical reduction and Pd by
photodeposition and impregnation. It highlighted the improvement of activity obtained below
visible radiation. In addtion, studies of re-use were incorporated.
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Dichloromethane (DCM) is one of the most typical indoor air pollutants; it is usually found in
concentrations several times larger than outdoors [1] and is classified as a potential carcinogenic to
humans. DCM was selected as a target pollutant for the evaluation of a coated mesh photocatalytic
reactor for air purification.

A Kkinetic approach was performed in a laboratory scale, one-pass, continuous reactor [2] by
modification of the main operating variables: flow rate, inlet DCM concentration and incident radiation
level. The surface that supports the catalyst within the reactor is a commercial 304 stainless steel mesh.
It was treated to strengthen its corrosion resistance and then coated with titanium dioxide (Aeroxide
P25). The reactor is made in acrylic and the radiation source is composed by two sets of actinic UV
lamps (Sylvania F15W T12). DCM concentrations in the feeding air stream were determined by gas
chromatography; radiation levels were experimentally determined by a portable spectrophotometer
(Ocean Optics USB4000-UV-VIS).

In order to obtain kinetic data, an analysis of the influence of the total flowrate on the global reaction
rate was performed. The global reaction rate was calculated as indicated in the figure, where Q is the
volumetric air flow rate and A is the nominal catalytic area of the mesh. As can be seen, a kinetic
control regime is achieved at a flow rate of 1 15+
L/min.

The next experimental essays were performed
at a flow rate of 1 L/min, in the absence of
external mass transfer limitations. Under the
studied conditions, the maximum quantum

efficiency, (R)/e**, is 4.17%. The Langmuir-

Hinshelwood type models have been widely
shown to be valid to represent heterogeneous
photocatalytic reaction rates [3]. A LH type

expression with an explicit dependence on the - ™ ™ "
absorbed radiation (e**) was proposed and its Flow rate (L/min)

parameters were obtained by an optimization

mehod. In addition, the dependence of the reaction rate with the e** is between the two theoretical
limiting cases of order 1 and 0.5, with a fitted value of 0.716. The high reaction rate values obtained are
promising for reactor scaling-up.
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The solar photo-Fenton process has been proposed as a tertiary treatment of municipal
wastewater due to its capability to degrade persistent organic pollutants [1]. The operation of
raceway pond reactors in continuous mode at acidic pH, gave rise to a treated wastewater volume of
450 L m™? day™ under conservative conditions with >80% micropollutant removal [2]. Once the
operational viability of the continuous mode had been demonstrated, the next challenge was to work
at neutral pH assessing the performance of the photo-Fenton process.

The experiments were carried out in two twin raceway pond reactors with 5 cm liquid depth.
First, the operability of the photo-Fenton process in continuous mode at neutral pH using the
Fe**:EDDS complex was checked in the same meteorological conditions at two hydraulic residence
times (HRTSs), 40 and 20 min, respectively. All experiments were conducted with real secondary
effluents of the WWTP of Almeria city, Spain. The neonicotinoid pesticide Acetamiprid (ACTM),
was used as a model contaminant at a concentration of 100 pg L. Reactant concentrations were
0.1:0.2 mM Fe*":EDDS, and 0.88 mM H,0s.

The start up began with a batch operation for 60 min followed by the continuous supply of
contaminated water and reactants being implemented at the corresponding flow rate for the desired
HRT. At the end of the batch stage, H,O, concentration dropped below the LOD (0.01 mM) and
more than 50% ACTM concentration was removed. Next, there was a transition regime as the inlet
stream entered the reactor, giving rise to a slight increase in both ACTM and H,0, concentrations,
followed by a quasi-steady state. In this steady state, the fractional conversion of H,O, was 0.60 and
0.75 for HRT = 20 min and 40 min, respectively, operating at irradiances below 20 W m™ (A=327-
384 nm). As for the ACTM degradation, steady state average concentrations were 54+4 pg L™
(HRT =20 min) and 49+4 pg L™ (HRT = 40 min). As far as the authors know, this is the first report
on the solar photo-Fenton process at neutral pH operated in continuous mode.
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Pharmaceuticals are contaminants of emerging concern (CECs) frequently detected at low
concentrations in natural water and can cause adverse effect in biota, such as antibiotic resistance.
Therefore, their removal efficiency from wastewaters must be improved in order to reduce their
introduction in the environment.

In this contribution, a new photocatalytic method for removal and photodegradation of drugs
from water is proposed. The photoactive species is the decatungstate anion,!) having light
absorption properties similar to those of TiO,. An important advantage in the use of the
polyoxoanion with respect to TiO; is that it can be immobilized on different solid supports with
tunable and desired characteristics, such as hydrophobicity, pore size and pore distribution, surface
areas, etc. Generally, a good compromise between support and drug characteristics can be reached
in order to warrant an efficient approach of the organic molecule to the immobilized photoactive
species and therefore increase the efficiency of degradation process.

The main aim of this work is twice: i) exploitation of the adsorption ability of the solid support
that transfers the pollutant from water to a new solid phase that contains also the photocatalyst; ii)
estimation of the degradation efficiency of the pollutant concentrated in the solid matrix by the
photocatalytic activity of decatungstate.

Different kinds of solid supports have been employed: silica particles modified with
aminopropyl-silane groups and microporous silicas (commercial zeolites or sinthesized by
combination of inorganic-organic silica precursors!?l), ion-exchange resins.

The photodegradation process is studied at ambient temperature, atmospheric pressure and at pH
values similar to that of natural waters. EPR spin trapping technique points out that also
immobilized decatungstate suspended in water is able to photo-generate OH’ radicals, which start
the degradative pathway. Moreover, HPLC-MS analysis gives evidence that degradation process is
mediated by OH’ radicals®!.

The target molecules considered belong to the more widely used groups of pharmaceuticals:
atenolol and propranolol (b-blockers), levofloxacin, trimethoprim and sulphametoxazol
(antibiotics), carbamazepine (anti-depressant). Interestingly, heterogeneous photocatalysts are stable
and can be recycled several times without a significant loss of efficiency, thus opening the
possibility of developing new solid materials with interesting photocatalytic performance.
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Due to the rapid depletion of clean water sources on our Earth, together with the unsustainable
rate of populatlon growth, the need to develop technologies for the recycling of wastewater is as
relevant as ever. Additionally, the

strict policies regulating the standards

A, of wastewater pollution for industrial

Energy applications impose the need for
/ ‘/ﬁg/ Il J ﬂ/ J // J effective decontamination methods.
w"{/!‘”#” Available purification technologies,

Sl  Flow 1 PhotoReactor based essentialy on physical separation

Watcr of contaminants and biological
degradation, fail to provide an efficient
solution for the complete removal of toxic, nonbiodegradable organic compounds. In this context,
photocatalysis (as part of Advanced Oxidation Processes), using highly reactive oxygen species,
demonstrated to be one of the most efficient processes for water detoxification [1,2]. Among these,
microfluidic photocatalytic reactors (MPRs) represent a promising solution to facilitate highly
efficient and sustainable water treatments [3]. MPRs have advantages such as large surface-area-to-
volume ratio, better temperature control, high light efficiency and high control of fluid flow, yet
still suffer from drawbacks due to limited mass transport associated with laminar flow.

We report the use of our method based on ultrasound technology for the fabrication of TiO,
nanoparticles incorporated in the internal wall of a polymeric microrector and its application in
fluidic microreactor technology for photocatalytic degradation (without the use of: oxygen,
hydrogen peroxide, ozone and other oxidants in flow) of phenol in water [4]. The microfluidic
device was fabricated using non-cleanroom based technique which makes it suitable for large scale
applications.
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Application of ozone is practically the only advanced oxidation process (AOP) feasibly making
its way to the water treatment market. The principal obstacle in the AOPs spreading, however, is the
high capital and operation expenses attributable to the costly equipment and ineffective energy
consumption. These circumstances critically narrow the AOPs usage, making their wastewater
applications rare. Pulsed corona discharge (PCD) in the gas-liquid mixture substantially surpasses
conventional ozonation in oxidation energy efficiency [1]. One of the obstacles in spreading the
cutting-edge technology is the easily destabilized discharge at high conductivity of treated liquid
with fatal consequencies for the electrode systems. The patented solution solved the problem for the
liquids with conductivities up to 120 mS cm™ [2], although the quantification of the electric
conductivity impact was not completed so far. The fundamental hypothesis of the research consists
of oxidation reactions concentrated at the gas-liquid interface being the place of the hydroxyl
radicals’ formation. The objective of the reported study is to establish the quantitative
characteristics of the oxidation reactions’ energy efficiency dependent on the content of compounds
determining the electric conductivity, and the OH-radical scavenging in the liquid bulk and its
surface in respect to relatively rapid and slow reactions. The experimental study was undertaken
within wide range of conductivity of treated solutions containing mineral salts, bicarbonates, non-
surfactant tert-butanol and radical-scavenging surfactants with phenolic and humic substances, and
oxalate as the targets. The results showed the share of radical reactions growing inversely with the
oxidation rate. Electric conductivity exhibited a negative role in oxidation efficiency. Surfactants
noticeably reduced oxidation efficiency, although the bulk radical scavengers demonstrated a minor
radical scavenging activity in respect to radicals formed in dissolved ozone decomposition. The
scale-up experiments were carried out with the PCD reactor of 1 kW pulsed power showing stable
discharge in a wide range of experimental conditions.
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Zn-Mn alkaline batteries are used in portable electronic devices such as radios, remote controls,
calculators and toys [1]. More than 15 billion Zn-Mn batteries have been produced annually in
China since 2002 [1]. Wasted batteries usually represent a dangerous waste, mainly due to the
presence of poisonous and pollutant heavy metals [2]. Moreover, zinc and manganese contained in
Zn-Mn alkaline batteries are essential elements for plants, animals, and humans, but at high levels it
Is toxic to all organisms [2]. Therefore, the recycling of spent batteries is significant not only to
environmental safety and human health, but also in economical point of view to resource and
materials [1].

In this study, Mn-Zn ferrite was fabricated by using Zn-Mn spent alkaline batteries as raw
materials and applied as catalyst for activating peroxymonosulfate (PMS) and generating reactive
radicals. Zn-Mn alkaline batteries were manually dismantled into scrap (including out shell,
plastics, copper cap, zinc crust, and carbon rod) and powder. The mashed out shell, zinc crust and
powder were added into H,SO,4 and H,0, separately and the acid solutions of Mn, Zn and Fe was
obtained. Mn-Zn soft ferrite was prepared by a citrate combustion method as reported in the
literature [3,4] using the acid solutions as materials. X-ray diffraction (XRD) spectra showed the
obtained catalyst was Zny4MnggFe,O4. The fabricated Zng4MngsFe,O4 was used to activate PMS
and remove Bisphenol A (BPA) from water. The effect of initial pH and inorganic ions on the
removal efficiency of BPA was investigated. Electron paramagnetic resonance (EPR) was used to
determine the reactive radicals generated during the oxidation process. The results showed that 0.1
mM BPA can be completely removed in a 60 min reaction.
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The high oxidation potential of ferrate may result in the most effective oxidizing agent. In
contrast to chlorination, no harmful by-products are found in water after its utilization. It was
confirmed that ferrate are able to effectively degrade even very stable inorganic and organic
pollutants. The oxidation of organic pollutants and microorganisms was accompanied by the
disinfection properties of ferrate.

In recent years, interest in ferrate(V1) has increased significantly. Ferrate(VI) is a strong, non-
toxic oxidant with almost no harmful by products. It is potentially an environmental friendly cleaner
for both waste water and drinking water treatment. Therefore, effective means of the preparation of
ferrate become a challenging task for several research groups all over the world. Several methods
have been developed to produce ferrate. Among them, electrochemical mean of the synthesis of
ferrate is considered as a “green” method because no harmful and expensive chemicals are usually
used to oxidize Fe(0) to Fe(V1). One of the most important tasks is the elucidation of the reaction
mechanism of the ferrate production. Conditions for the large scale electrochemical preparation of
ferrate in low temperature molten media can be tuned according to the individual steps of the
reaction mechanism. The influence of parameters such as the temperature and the composition of
reaction mixture, anode material, and current density on the mechanism of ferrate preparation
during transpassive electrochemical dissolution of iron based electrodes are addressed. Two
electrochemical methods, cyclic voltammetry (CV) and electrochemical impedance spectroscopy
(EIS) were used to characterize this process. The number of exchanged electrons during
transpassive iron dissolution was also determined and the reaction mechanism was proposed.

In this study the electrochemical preparation of ferrate(\V1) in strong alkaline environment at
elevated temperatures is described. Various hydroxide solutions, anode materials and potentials
were used. The characterization of electrode reactions by cyclic voltammetry and electrochemical
impedance spectroscopy is also discussed. The second part of this contribution is dedicated to the
use of electrochemically prepared ferrate(VI) for the elimination of various pharmaceuticals, illicit
drugs and antibiotic resistant bacteria from real wastewater samples.
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Ferrate(\VI) is well known oxidant of inorganic and organic compounds [1]. However, the
reaction with organic compounds is quite complex. Ferrate(\V1) has two unpair electron [1] and thus
reaction with organic compounds leads to formation of organic radicals by electron transfer [2]. The
organic radicals formed during the reactions react with dissolved oxygen to formed peroxyl
radicals, which, in turn, decompose mainly through formation of oxo-derivatives (e.g. hydroxyl-
derivatives) [3]. Additionally, in reaction of organic compounds with ferrate(V1), formation of
hydroxyl radicals cannot be exluded and reaction mechanism is still disputable [2]. For removal of
organic contaminants from wastewater, ferrate(\VV1) are more efficient in comparison to Fe(ll) and
Fe(ll) salts because of its dual coagulation-oxidation action. In case of fluoxetine A, reaction with
ferrate(\V1) leads to formation of norfluoxetine B (demethylation product), hydroxyfluoxetine C,
and O-dealkilation products: 4-(trifluoromethyl)phenol D and N-methyl-3-phenylpropan-1-amine
E. In case of flu-voxamine F, reaction with ferrate leads to formation of fluvoaxamine acids G and
cleavage of N-O bonds H.

The toxicity of formed products was evaluated with with the Spirotox assay with the protozoan
Spirostomum ambiguum. Fluoxetine was 1.5-fold more toxic to the S. ambiguum than fluvoxamine
with the 24h-ECs, and 24h-ECy of 0.99 and 0.83 mg I, respectively. In case of fluoxetine,
calculated toxicity of the by-products was close to observed. Toxicity decreased with decreased
drug concentration. In case of fluvoxamine, the toxicity after the process remained very high which
suggests formation of other unknown toxic by-products.
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Figure 1.: The structure of fluoxetine A and fluvoxamine F and their degradation products norfluoxetine B,
hydroxyfluoxetine C, 4-(trifluoromethyl)phenol D, N-methyl -3-phenylpropan-1-amine E, fluvoxamine F,
fluvoxamine acid G and 5-methoxy-1-[4-(trifluoromethyl)phenyl]pent-2-en-1-imine (putative structure) H.

References

[1] 1. G. Kokarovtseva, I. N. Belyaev, L. V. Semenyakova, Usp. Khim., 41 (1972) 1978.

[2] V.K.Sharma (Edt.), 2008. ACS Symposium Series 985.
[3] P.Drzewicz, A. Afzal, M.G. EI-Din, J.W. Martin, . J Phys Chem A 114 (2010) 12067.

100



039

REMOVAL OF THE X-RAY CONTRAST CHEMICAL IOPAMIDOL FROM TERTIARY
TREATED WASTEWATER: INVESTIGATION OF PERSULFATE-MEDIATED
PHOTOCHEMICAL TREATMENT SYSTEMS

I. Arslan-Alaton?, O. Koba®, T. Olmez-Hanci?

# Istanbul Technical University, School of Civil Engineering, Department of Environmental Engineering,
34469 Maslak, Istanbul, Turkey, (arslanid@itu.edu.tr)

® University of South Bohemia in Ceské Bud&jovice, Faculty of Fisheries and Protection of Waters, Zatisi
728/11 389 25 Vodnany, Czech Republic

lodinated X-ray contrast media (ICM) composed of water-soluble iodinated aromatic compounds
are widely used to enhance the imaging of organs or blood vessels during diagnostic tests. Although
no exact information is currently available about the impacts of ICM on health and environment,
their frequent presence in water sources and wastewater, significant contribution to AOX in
effluent, high solubility as well as refractory nature render governmental agencies and the public
extremely uncomfortable in their management. Thus, it is essential to develop and apply alternative
treatment processes being capable of effectively degrading these problematic compounds from
aqueous environments. In the present study it was aimed at exploring the effect of persulfate(PS)-
mediated, UV-A and UV-C-assisted oxidation processes on the removal and detoxification of
iopamidol (IOPA), a commercially important ICM and model micropollutant in real, tertiary treated
municipal wastewater. Preliminary optimization experiments conducted in pure water indicated that
IOPA (2.6 uM) could be rapidly and completely removed via UV-C photolysis alone and the PS
(0.1-1.0 mM; pH3-11)/UV-A process. However, appreciably harsher reaction conditions were
required for IOPA abatement from tertiary treated wastewater with the PS(0.1-0.2 mM)/UV-C and
PS(1.0 mM)/UV-A treatment processes (Figure 1). Acute toxicity bioassays indicated that percent
relative inhibition rates (see Table 1 in Figure 1) did not decrease after IOPA treatment, speaking
for the formation of oxidation intermediates being more biotoxic to the selected test organisms (V.
fischeri photobacteria and P. subcapitata freshwater microalgae) than IOPA.
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Figure 1.: Comparison of percent IOPA removal efficiencies obtained in tertiary treated municipal
wastewater (COD<30 mg/L; TOC=DOC:12.4 mg/L; Suspended Solids: 10 mg/L; Alkalinity:130 mg CaCOg4/L;
UV4:0.122 cm™; UV45:0.018 cm™; color:0.2 Pt-Co units; pH:6.95) for different photochemical treatment
systems (UV-C:1346 lux; UV-A:3955 lux).

Insert Table 1.: Percent relative (photoluminescence for V. fischeri; growth for P. subcapitata) inhibition
values obtained before and after application of the selected photochemical treatment systems shown in Figure
1 for 100% IOPA removal in tertiary treated municipal wastewater.
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The present study deals with the current situation of hospital wastewater treatment in developed
countries vs. their developing counterparts. As case studies, Switzerland was chosen as a model
developed country, while lvory Coast and Colombia are chosen as model developing countries. In
Switzerland, hospital wastewater treatment is not a separate entity and the effluents are received by
the urban sewage network; the practice of co-treatment of hospital effluents alongside with the
urban wastewater is performed. Ivory Coast and Colombia, although geographically irrelevant,
share common problems in hospital wastewater treatment. In principal, the University Hospital in
Abidjan, Ivory Coast, and the Divino Nino Hospital in Tumaco, Colombia, are taken as examples of
two of the most prevailing forms of healthcare facilities in developing countries: the centralized and
the remote ones. In both cases, hospital wastewater treatment is ranging from malfunctioning to nil
prior to discharge at the local water bodies.

For each context, relevant solutions were developed; for Switzerland, UV/H,0, and the photo-
Fenton process are studied in depth, targeting both microorganisms (bacteria) and emerging
contaminants (pharmaceuticals, pesticides, etc.) contained in the municipal effluents, previously
treated by three different secondary processes [1,2]. On the other hand, in Ivory Coast and
Colombia, the solar-based processes were favored (i.e. photo-Fenton), however considering that at
minimum, a secondary treatment process is applied beforehand. Hence, for the developing countries
context, the degradation of both micropollutants and microorganisms (bacteria, viruses and yeasts,
[3,4]) was studied, focusing on the degradation mechanisms and the underlying photo-catalytic
events.

As the ultimate goal is to propose economically viable and sustainable solutions for each context,
the investigations concluded that among the studied AOPs, the UV/H,0, process is the most
suitable for developed countries, as high degree of micropollutant removal, and permanent bacterial
inactivation without regrowth were achieved in relatively short time, although its economic
competitiveness among other AOPs is to be debated. However, the ample sunlight, the iron
availability and the cheap land are precursors of a successful application of solar photo-Fenton as a
treatment unit in developing countries, since extended times can achieve total microorganism
inactivation and micropollutant elimination with low reagent additions.
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In our previous study, we have proposed the SODIS model, an intracellular mechanistic model
that explains the inactivation of Escherichia coli by solar water disinfection (SODIS) [1]. This work
considered a complex series of photo-biological processes that result in bacteria inactivation by
solar radiation. The reported model could be considered an intrinsic and simplified kinetic
description of the solar water disinfection process that was validated for E. coli spiked in clear
distilled water below 30 °C under simulated solar radiation. Temperature factor is also a very
important parameter that affects to the bacterial inactivation efficiency. A new enhanced model, the
synergistic SODIS-thermal model, was recently developed to include the temperature effect [2].
This permited to prove that mild-heat effect on solar disinfection leads to a synergistic action
between temperature and UV photons that improve the disinfection. This synergistic effect was
included in the model by the correlation of the kinetic constants with temperature by the Arrhenius
equation. The model was validated in a solar simulator with a 700 mL batch reactor under
controlled conditions of irradiance and water temperature.

In this work, the evaluation of the capability of synergistic SODIS-thermal model under real field
conditions is presented. This model has been validated at different conditions of solar irradiance,
temperature, matrix of water (distilled and well) and reactor design. Climate conditions result in
changing irradiance and water temperature values over the solar disinfection treatment. Several
solar reactors and containers were used to validate this model, polyethylene terephthalate (PET)
bottles, polycarbonate water dispenser containers, two batch reactors of borosilicate and
methacrylate, respectively and a borosilicate tube reactor. It can be concluded that the synergistic
SODIS-thermal model is capable to predict the E. coli inactivation times-profiles at different
conditions of changing irradiance and temperature in several solar reactors configuration. This is a
powelful tool to evaluate the efficiency of the solar water disinfection for the design of efficient
SODIS reactors, estimating the treatment time under real field conditions.
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Solar disinfection (SODIS) is a simple water treatment method that can be adopted by remote
communities with difficult access to safe drinking water. Significant efforts have been devoted to
the description of the physicochemical and biochemical phenomena taking place during the process,
and also to a wide range of applications [1]. In contrast, no parallel efforts have being focused on
the development of predictive methodologies for the simulation and design of photoreactors to carry
out the process. In this work, we report a novel procedure for the simulation of the operation of a
solar reactor for SODIS processes based on the rigorous description of the fluid dynamics, radiation
transport, mass transfer and chemical reaction.

The comprehensive mathematical model of the process have being developed and solved
using the finite volume method implemented by ANSYS Fluent v14.5 (Ansys Inc.). A compound
parabolic collector (CPC) described elsewhere [2] has been modeled as example of solar reactor,
using the actual experimental setup for getting the validation data of water disinfection experiments
with Escherichia coli as model pathogen indicator. Rigorous resolution of the fluid dynamics and
radiation transport has been carried out under stationary conditions (Figure 1). Disinfection process
was simulated solving the mass conservation equation in transient mode. As Ansys Fluent does not
include photoactivated kinetics models, a used defined function (UDF) was implemented to couple
the calculation of the reaction rates to the local volumetric rate of energy absortion (LVREA) in any
position of the reactor. The kinetic model developed by Castro-Alférez et al. [3] was used to
calculate the reaction rates. Recirculation regime, mixing in the tank and the ratio between
illuminated and dark liquid volumes were also simulated by implementing a UDF calculating the
inlet to the reactor as a function of the outlet of the previous time step. As an example, Figure 1b
shows that a very good agreement is obtained between the predictions of the model and the
experimental data obtained for two different initial concentrations of bacteria under real sunlight. In
conclusion, this novel procedure allow a predictive simulation of SODIS reactors, reducing
significantly the experimental time and effort required for the design and optimization of the
process.
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Figure 1.: a) Distribution of radiation in the CPC; b) Comparison between predictions (lines) and
experimental results (dots) during the inactivation of E. coli using solar light on the 22™ of September 2016
at Univerisdad Rey Juan Carlos facilities in Moéstoles, Spain (40.33°N, 3.88°W).
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Giardia duodenalis is a protozoan parasite of primary concern in drinking water treatment plants
due to its resistance to chlorine compounds [1] and to possible passage through filters [2]. Ozone
has been reported as an efficient disinfectant against Giardia cysts [3,4]. In the present study,
ozonation (5 mg-L™) of surface water containing 1.25-10° G. duodenalis cysts per liter was assessed
by a mice infectivity model and the PMA-PCR approach. Ozone in the column input and off-gas
were quantified by the lodometric Method 2350E [6]. Residual ozone in liquid phase was quantified
by DPD® reagent (Hach Company). Cysts were concentrated by membrane filtration technique,
without immunomagnetic separation, as described elsewhere [7]. Duplicate samples were incubated
with 200 uM PMA in the dark for 30 minutes at room temperature. PMA was photoactivated in
PMA-Lite LED Photolysis Device® (Biotium, Inc.) for 15 minutes. PCR was conducted targeting
the SSU-rRNA [8,9]. The protocol for the animal infectivity assay (3120-1) was approved by the
Ethics Committee on the Use of Animals of the University of Campinas. Four-week old female
BALB/cAnUnib Specified Pathogen Free (SPF) mice were intragastrically inoculated. On the 16"
day post-infection, animals were euthanized and small intestine fragments were isolated for
analyses. Amplification products presented diminished intensity when PMA was applied.
Trophozoites were detected in 80% animals inoculated with ozonized water. Under the studied
conditions, ozone dosage usually applied in drinking water treatment plants did not yield complete
inactivation of G. duodenalis cysts in surface water.
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Membrane Photo-Reactors (MPR) combine the advantages of microfiltration and photoassisted
water treatment [1]. The combination of both processes minimizes the biofouling and prolongs the
lifetime of the membrane, improving the potentialities of classical photoreactor and those of
membrane processes. This synergy minimizes environmental and economical impacts, making it an
environmental friendly technology [2]. The main aim of this research is the assessment of MPR
based on porous stainless steel (SS) membranes with nominal pore sizes of (0.2 and 0.5 um) coated
with a TiO, layer in continuous mode operation for the inactivation of different pathogen germs,
such as Escherichia coli and Enterococcus faecalis bacteria Candida albicans fungus; and MS2
coliphage virus.

Illumination of the inner surface of the membrane is provided by a UV-C lamp (254 nm) located
in the axis of the annular reactor. A valve actuator in the outlet of the concentrate stream allows
operation of the system under conditions of constant transmembrane pressure (0 — 6 bar). By
default, all the treatments were carried out in continuous mode with an inlet flow rate ranging from
0.9 to 1.2 L/min. The total reactor volume is 256 cm®, so the hydraulic residence time (HRT) is
between 13 and 17 seconds.

Figure 1 shows the inactivation results using a 0.5 um TiO,/SS membrane. The nominal pore
size of the membrane is a crucial variable, being confirmed that the microbial reduction in the
permeate outlet is slightly higher using 0.2 um membrane. The mass balance shows that at 0.5 bar,
the percentage of microorganisms retained or dead is around 96-98% depending on the kind of
microorganism. While, this percentage decreases to 83-86% when 3.5 bar was applied in the
reactor. In addition, the increase of pressure turned into an increase in the percentage of viable cells
in the concentrate outlet, with percentages ranging from 13 to 17% at 3.5 bar. On the other hand, the
percentage of viable cells in the permeate outlet remains almost constant with values around 1%.
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Figure 1.: Inactivation values of a) E. coli; b) E. faecalis; and c) C. albicans in (m) Inlet; (e) concentrate and
(A) permeate outlet. [Operating conditions: 0.5 pum steel TiO,/SS MPR; continuous mode; constant
transmembrane pressure (0.5 — 2.5 bar)].
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A light source and a semiconducting material comprise a powerful duo that may offer several
photocatalytic applications for environmental remediation; in recent years, photocatalytic
disinfection based on sunlight has gained considerable attention as an efficient and sustainable
technology to control the population of various microorganisms in aqueous matrices. Titanium
dioxide (TiO,) is one of the most widely recognized semiconductor photocatalysts, triggering off
the oxidative destruction of a wide range of microorganisms [1]. During the last years, studies have
focused on the improvement of its photocatalytic efficiency by several methods such as generating
defect structures, doping with metallic or non-metallic elements or modifying the TiO, surface with
noble metals or other semiconductors [2]. In this perspective the objectives of the present work
comprise a) the synthesis and characterization of nitrogen-doped TiO, (N-TiO;) materials using
different nitrogen precursors (ammonia, urea and triethylamine) and b) the investigation of their
potential to purify aqueous samples in terms of removal of pathogenic microorganisms.

Catalysts were characterized with respect to their specific surface area, phase composition and
primary crystallite size, and optical properties employing nitrogen physisorption at the temperature
of liquid nitrogen, X-ray diffraction (XRD) and diffuse reflectance spectroscopy (DRS) techniques.
Disinfection experiments were carried out in a solar radiation simulator system (Newport, model
96000), simulating solar radiation reaching the surface of the earth at a zenith angle of 48.2°.
Disinfection efficiency was assessed by measuring inactivation rates of bacterial indicators namely,
Escherichia coli, Pseudomonas aeruginosa and Bacillus cereus.

The catalyst concentration in slurry photocatalysis is one of the key operating parameters, which
strongly affects the process, in terms of satisfactory inactivation of microorganisms. In this sense
and taking into account the different cellular structure and resistance of the bacterial indicators of
our interest, two different catalyst loadings were tested, i.e. 50 and 100 mg/L. The initial bacterial
concentration in each disinfection experiment was 10° CFU/mL.

Bacterial inactivation in aqueous samples was recorded only under simulated solar irradiation
and in the presence of the prepared doped catalysts. The catalysts loading of 50 mg/L resulted in
higher inactivation rates for all the three bacterial strains. Regarding E. coli, the required period for
a 6-Log reduction ranged from 15 to 60 min, depending on the N precursor used for the preparation
of the N-doped TiO,. Inactivation of P. aeruginosa followed the same trend, as complete
elimination of the pathogen was achieved within 60 min of exposure under solar irradiation. On the
other hand, B. cereus proved to be more resistant under the current experimental conditions, as the
overall reaction reached a threshold, beyond which no further decay occurred.

In general, all prepared N-doped TiO,catalysts were effective for the elimination of the specific
bacterial indicators, with operating conditions such as catalyst concentration and type, and bacterial
species affecting the efficiency of the process up to a certain extent.
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Urban wastewater treatment plants (UWWTPS) are hot-spots for the release of contaminants of
emerging concern (CECs) and resistant microorganisms in the environment. In order to minimize
the release of these contaminants and related risk for humans and the environment, advanced
treatment methods should be used downstream of secondary treatment before effluent disposal or
reuse. The best available technologies used as advanced treatment in UWWTPs include ozonation
and activated carbon adsorption (e.g., Switzerland is upgrading 70% of UWWTPs with these
technologies), but the formation of toxic oxidation intermediates (during ozonation treatment) and
processes costs push scientists to investigate effective and reliable alternative processes.
Homogeneous photocatalytic processes (e.g., UV/H,0;, photo-Fenton etc.) are an attractive option
because they have been found effective in the removal of a wide range of CECs [1] as well as in the
inactivation of resistant microorganisms [2]. In this work a new homogeneous photocatalytic
process, namely UV/peracetic acid (PAA) is compared to a well established process, UV/H,0; in
the removal of a model CEC (antibiotic chloramphenicol, CAP) to elucidate the contributions of the
radical species. A commercially available PAA solution (which also includes H,0,) was used for
UV/PAA experiments and UV-C lamp as light source. Unlike of our previous work where UV/PAA
was found to be more effective than UV/H,O, in wastewater disinfection [3], in this work no
significant differences were observed between UV/PAA and UV/H,0; in the degradation of CAP in
deionized water. In particular, after 120 min treatment, CAP degradation increased for UV/PAA
(74%, 77% and 100%) and UV/H,0, (67%, 78%, 100%) as oxidant dose was increased (5 mg/L, 10
mg/L and 50 mg/L, respectively). But when catalase was added to CAP water solution to quench
H.O, during UV/PAA process, the degradation of CAP was quite similar to UV radiation test
(performed as control) till 60 min treatment (50 mg/L of PAA), meaning that the formation of
hydroxyl radicals was basically due to the occurrence of H,O, in the solution. On going
experiments are finalized to elucidate the behaviour of UV/PAA process under different light
source (solar radiation) and water matrix (real wastewater).
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Electrolyzed sulfuric acid, a new chemical reagent prepared by electrolysis of aqueous sulfuric
acid, has been used in the electronics industry since the early 2010s to remove organic materials
adhered to semiconductor wafers used for the manufacture of electronic devices [1]. Electrolyzed
sulfuric acid is an aqueous solution of multiple compounds including unreacted H,SO, and several
oxidizing species: peroxydisulfate (S,0s*), peroxymonosulfate (HSOs ), and hydrogen peroxide
(H20,). Electrolysis of aqueous sulfuric acid generates peroxydisulfuric acid (H,S,0g), which is
hydrolyzed to peroxymonosulfuric acid (H,SOs), which is subsequently hydrolyzed to H,0,. Owing
to the hydrolysis, the concentrations of the oxidizing species in the electrolyzed sulfuric acid
gradually change over time. Furthermore, quantification of S,0s° and HSOs by ion
chromatography is impossible. As a result, little is known about the actual proportions of the
oxidizing species. Although electrolyzed sulfuric acid is used in industry under conditions which
there is no intentional light irradiation, UV photolysis of S,0g% is known to generate sulfate anion
radicals (SO,). In fact, we have used a combination of S,0g% (potassium salt) and UV light
irradiation to efficiently decompose persistent perfluorocarboxylic acids (C,F2,+:COOH) and
related chemicals in water to Fand CO, [2,3]. The photochemical reactivity of electrolyzed sulfuric
acid makes it an attractive reagent for the decomposition of persistent chemicals in water.

In the present study, we elucidated the actual proportions of oxidizing species in electrolyzed
sulfuric acid, and used it to photochemically decompose trifluoroacetci acid (CF;COOH) and its
analogues (C,FsCOOH and C3F,COOQOH) in water. We found that the photochemical reactivity of
electrolyzed sulfuric acid toward these substrates was high, and we investigated the reason for this
high activity by comparing it to the activity of S,0s°, HSOs, or H,O, alone at the same
concentration at which each species was present in the electrolyzed sulfuric acid. The result
indicated that among the oxidizing species in the electrolyzed sulfuric acid, S,0s* played the
dominant role in the photochemical reactions, and the combination of S,0s> and highly acidic
conditions (pH ~1.0) resulting from the coexistence of H,SO, was the main reason for the high
reactivity.
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The recent studies in the field of photolytic degradation of organic pollutants in water have been
ultimately focused on the application of novel photoactive materials of either semiconductor or non-
semiconductor origin. Of particular interest are metal-doped aerogels (Me-OAs) which demonstrate
the properties favorable for photocatalytic activity, i.e. a large surface area and metal species
deposited at high concentrations on the porous structure of aerogel. Therefore, the present study was
aimed to demonstrate the ability of organic aerogel doped with Fe, Ni, Cu and Co to catalyse the
degradation of bacteriostatic antibiotic trimethoprim (TMP) by UV-C irradiation. TMP has recently
been detected in wastewater and surface waters as it is known to be resistant to the biological
oxidation. The removal of TMP in wastewater treatment plants (WTP) has been reported to be less
than 10%. Therefore, this study serves as the basis for the development of photocatalytic water
purification technology using novel type of the catalysts.

The synthesis of aerogels was based on the polycondensation reaction of sodium salt of 2,6-
dihydroxy-4-methylbenzoic acid, 5-methylresorcinol and formaldehyde. The resultant Na*-doped
resin was then treated by one of the chosen metals salts solution for ion exchange process to occur.
Finally, metal-doped aerogel was obtained by drying in supercritical CO,. That was grinded to
powder and used in the experiments on the photocatalytic degradation of TMP.

The photocatalytic activity of the Me-OAs was tested for TMP degradation in water (10uM
solution) under UV-C type ultraviolet irradiation.

The results of the present research demonstrated that all studied metal-doped aerogels increased
TMP removal from water under the UV-C light exposure. The integral analyses of curves of TMP
concentration versus time indicated that this process fit in pseudo-first reaction rate kinetics. The
highest TMP removal rate was observed in case of using Ni-aerogel. That resulted in more than a 4-
fold increase of a pseudo-first reaction rate constant comparing to that obtained by mere photolysis.

On other hand, the studied Me-OAs may serve as effective adsorbents materials due to their high
porosity and surface area. In order to reveal the influence of adsorption process on the TMP
removal the subsequent adsorption experiments were conducted. Later on, it was possible to create
the mathematical model which combined these two processes. This model was based on the
combined Lagergren’s adsorption kinetics and pseudo-first order reaction rate kinetics for
photolysis. As this model demonstrated substantially lower TMP removal rates comparing to that
obtained in the aerogels enhanced UV-C photolysis that confirm the prevalent role of photocatalysis
provided by Me-OAs.

The results obtained in this study highlighted the feasibility of novel materials in photocatalytic
degradation of organic pollutants such as TMP. Thus, Me-OAs may serve as a good alternative to
existing photocatalytic materials in AOPs.
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The emission in atmosphere of massive amounts of nitrogen oxides (NOx = NO + NO,) from
combustion processes represents a pivotal point from both the environment and the human
health.[1] The main aspects related to the NOx emission are not only their intrinsic toxicity, but also
their active role in the ozone tropospheric production. Ozone itself represents a serious threat for the
human health, but also a severe problem for plants because reduce significantly the photosynthesis.
Secondly, the production of NOx caused the formation in atmosphere of nitrogen acidic species
(primarily HNO3 and HNO;) which can i) create serious damage to buildings and to the cultural
heritage and ii) have a central role in the production of Particulate Matter (PM) especially in urban
context.[2] The actual technologies proposed or in use for the NOx abatement are not completely
satisfying because i) not able to reach the total abatements of the pollutants; ii) expensive; iii) based
on the use of precious and/or rare elements/metals; iv) employing additional reactants and v)
characterized by high energy request.[3] In this light, a breakthrough in the field of the technologies
for the NOx abatement pollutants is mandatory.

In this work, the photolysis of NO by irradiation with a 172 nm Xe, excimer lamp was
investigated in a perfectly mixed flow-through reactor (Continuous Stirred Tank Reactor, CSTR).
This lamp shows a high efficiency for power energy to light conversion. The influence on the
reaction rate of parameters such as the inlet flow, the substrate concentration, the photon flux
entering into the reactor and the presence of oxygen was investigated. The experimental kinetic data
were interpreted applying a general first-order kinetic model valid for CSTR, properly modified to
take into account the changes in the experimental parameters. The pseudo first-order Kinetic
constant for the direct photolysis of NO under conditions of maximum irradiation was evaluated
and the related reaction rate at different concentration computed. VUV photolysis of NO is a first-
order process with respect to NO. The NO direct photolysis rate is linearly depended from the
photon flux entering into the photo-reactor.

In the presence of oxygen two different reaction pathways are operative suggesting the presence
of indirect mechanisms of transformation in which O3 plays a key role. In the presence of O, an
almost complete abatement of NOx was observed.

The exploitation of this technology in real-world contexts seems to be feasible even if the
presence of a successive step for the O3 abatement is mandatory.
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The increasing presence of persistent compounds in drinking water sources is a cause for
concern for water utilities, policy makers and consumers. Advanced Oxidation Processes (AOPS)
are seen as one of the processes able to cope with this issue. However, the fact that water is destined
for human consumption limits the use of many types of chemicals in drinking water treatment.
Therefore, the combination of UV with chlorine, which is the most common substance used for
disinfection, come as a natural way to apply advanced oxidation for drinking water.

The UV/CI, process is critically dependent on pH. When sodium hypochlorite is dissolved into
water, it dissociates into hypochlorous acid (HCIO) and the hypochlorite ion (CIO") and the
speciation is pH-dependent. The pKa is close to 7.5, so at acidic pH the HCIO species is
predominant; while at higher pH, most of the chlorine is as CIO[1]. Depending on the predominant
species the reactions taking place are also different. This together with the fact that the molar
absorptivity also changes with each species, increases the complexity of this process. The maximum
absorptivity of HCIO has been reported to be 100 M*cm™ at 235 nm; while for CIO™ absorptivity
has been reported to be 365 M cm™at 292 nm [1]. Using one wavelength or another would have a
significant impact on costs. However, the mechanisms of this process at the wavelength of
maximum absorbance are not yet well-known. Furthermore, as far as the Authors know, there are
no publications on the application of this process at 292 nm, with work having researched systems
emitting at 254 nm or using medium pressure lamps have been reported.

The aim of this study was to understand the working mechanisms of the UV/CI, process using
UV-LEDs emitting at 292 nm for the removal of pesticides from drinking water. The effect of
operating variables like pH, alkalinity and chlorine dose on the process efficiency were evaluated
and the pesticide metaldehyde was used as a target pollutant.
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This work compares the treatment of oxacillin (OXA, penicillin), cephalexin (CPX,
cephalosporin) and ciprofloxacin (CIP, fluorogquinolone) by UV,s4 and UVos4/persulfate (UV/PS).
Using UVys4, OXA and CPX were mainly degraded by direct photolysis, whereas the CIP removal
involved both reactive oxygen species (ROS) attack and photolysis. In its turn, persulfate addition
improved the antibiotics removal; where the sulfate radical (SO4¢-) played a determinant role in the
degradation process (UV/PS). Computational calculations on antibiotic strutures (using density
function theory) were applied to determine the regions most susceptible to the electrophilic reaction
with the degrading agents (e.g. ROS and SOge-). In the case of OXA and CPX, the following order
of reactivity, as a function of their functional groups, was observed: thioether >> B-lactam ring >
central secondary amide > benzene ring. While for CIP, the piperazyl moiety presented higher
electron density than the quinolone ring, which was in agreement with the primary CIP by-products.
On the other hand, the antimicrobial activity evolution (AA), measured against S. Aureus, was
tested. In the case of OXA, after 100% of removal, the UV/PS completely eliminated AA.
However, the UVs4 system only partially decreased the antimicrobial activity, suggesting that, at
difference of the UV/PS system, the sole UV action transform the antibiotic in by-products able to
induce the proliferation of resistant bacteria. Otherwise, in the degradation of CPX and CIP, both
UV, and UV/PS were able to remove the AA. Additionally, to study the applicability of UVs4
and UV/PS in complex matrices, a synthetic hospital wastewater (HWW) containing the antibiotics
was considered. The comparison of processes showed that for practical purposes the penicillin and
the fluoroquinolone in HWW should be treated by the combination of light with persulfate, while
for the cephalosporin both processes can be effectively used.
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At present, a couple of UV lightsources (e.g., low-pressure (LP) mercury lamp, med-pressure
(MP) mercury lamp, and vacuum UV (VUV) lamp) have been applied in water and wastewater
treatment. Each lightsource has its unique emission spectrum and photoelectric conversion
efficiency, which induce different performances and cost in the disinfection or oxidation processes.
Therefore, the lightsource selection is crucial for the UV technology application in industrial.
Conventional bench-scale UV reactors, such as quasi-collimate beam apparatus (QCBA) and batch
UV reactor cannot carry out the comparison among various lightsources. For example, the VUV
lamp and MP mercury lamp cannot be installed in the gCBA and batch reactor, respectively. In
addition, the fluence determinations of various lightsources should be taken account.

A mini-fluidic photoreaction system was developed in our previous study [1], which could
assemble LP mercury, MP mercury or VUV lamp. It was demonstrated as a powerful tool for the
studies on the comparison for disinfection and pollutant degradation processes among various
lightsources. In this study, we investigated the degradation of sulfamethazine (SMN), one of the
most frequently detected antibiotics in the environment, by UV/H,0, process with various UV
lightsources. The determination methods of photon fluence were developed by various
actinometers. Then, the photochemical kinetic parameters (e.g., photon fluence-based rate constant
and quantum vyield) for various lightsources were examined and compared based on the MFPS. In
addition, the energy consumption comparison was also involved in this study. Electric Energy per
Order (EEO) have been widely used for the energy consumption evaluation. Since the MFPS is not
a high efficiency industrial UV reactor, the EEO determination of an ideal UV reactor was
developed based on the kinetic data from MFPS. This study has provided a method for the UV
lightsource comparison in water treatment and has potential application for the lamp selection
during the design process of water treatment apparatus.
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Photocatalysis is definitely an advanced technology that can significantly improve our
environments, save lives, health and protect our properties. However, the market for TiO,-
photocatalysis has not been developing in line with the expectations. In fact, the useful properties of
photocatalytic coatings are still in the shade of chemical UV screening coatings and chemical agents
protecting surfaces from bacteria and other microorganisms.

What is missing to introduce photocatalytic technologies into our daily life on a mass scale?
Here have already been three waves of disillusion by the 1st generation of products not living to
their claims. Marketing efforts versus quality of the products is a serious issue, when the declared
properties are not present.

In this work, we will introduce the FN photocatalytic technology [1,2] testified by over a decade
of practical use. We will demonstrate the efficiencies and effects of these specially designed nano
structured films for air depollution applications as well as their useful properties as protective
coatings on the facades, wood and similar construction materials. Nanostructured FN coatings
outperform majority of chemical agents and can completely replace them.

Projection of impacts of these environmentally friendly solutions on reducing consumption of
chemicals and removing poisonous compounds from the environment will be provided.
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Presented cotribution deals with application of electrocoagulation process for removal of Cr®*
and other toxic metals, namely Ni**, Zn**, Cu** and Mn** from contaminated groundwater on the
site of former galvanization plant. The industrial effluent has pH ranging from 4.2 to 4.8; RAS
(dissolved inorganic salts) is 2540 mg/L and conductivity 488 mS/m.

The optimization experiments were carried out with model effluents in semicontinuous
arrangement (40 I/h), they revealed high efficacy in removals of Cr6+ together with its reduction
towards Cr**, and total removal efficacy exceeded 90 %. It was shown that Al electrode was not
suitable for Cr®* reduction and removal because Al ions did not revealed reduction effects as Fe
electrodes. That is due to Al electrode dissolution towards AI** whilst Fe is dissolved in form of
Fe?* that further oxidizes towards Fe** and this additional oxidation leads to reduction of Cr.
Experiments with industrial effluent revealed reduction in Cry. from 44 mg/L to 0.15 mg/L. Due to
low pH, not all metals were removed with 90 %+ efficacy.

Quarter scale experiments were performed in continuous arrangement with a flowrate 100 I/h
and iron electrodes. Treated water flew to a fast mixing tank (300 rpm), then slow mixing tank (20
rpm) and finaly to a sedimentation tank to separate sludge from treated water. Concentrated sludge
was filtered through filterpress with an area of 0.5 m? and it was used for calculation of metallic
balance. The sedimentation properties were improved with addition of anionic polymeric flocculant
and, if needed, treated effluent was alkalized with Ca(OH),. Alkalization lead 99 %+ removal of all
presented metals, not just chromium that was successfully removed without alkalization.

A continuous pilot scale unit (0.5 m*h) was fabricated based on obtained results and it was
operated on contaminated industrial site. The removal efficacy of Cry:. exceeded 99 % and removal
efficacies of other metals were higher than 95 %. The concentrated sludge was filter-pressed and
treated as a dangerous waste.
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The water scarcity along with the climate change make increase continuously the water demand.
In the meanwhile, urban and industrial activities ceaselessly realease hazardous and persistant
organic pollutants (POPs) into the water bodies. The conventional wastewater treatment plants do
not hamper the discharge of POPs, being recalcitrant to biodegradation. In this context, advanced
oxidation processes (AOPs) have been developed as advanced physico-chemical treatments to
remove those contaminants. These processes all rely on the generation of hydroxyl radicals ("OH)
that are very powerful oxidizing agents (E° (‘OH/H,0) = 2.80 V/SHE). Among them,
electrochemical AOPs (EAOPs) emerged since they continuously generate ‘OH in situ with electron
as a clean reagent on the contrary to conventional AOPs that require the use of large amount of
chemicals [1]. Depending on the electrode materials employed, "OH can be produced through two
main ways: (i) by Fenton reaction in bulk solution with a carbon cathode that electrogenerate H,0,
and react with Fe®* added initially at a catalytic amount (0.05-0.2 mM) (namely electro-Fenton (EF)
process) and/or (ii) by anodic oxidation (AO) at the anode surface with non-active materials (e.g.
boron-doped diamond (BDD)) [1]. When both source of ‘'OH are implemented (e.g. paired
electrocatalysis process), it has been previously shown that the degradation and mineralization
efficiency is better improved [2]. Still, the influence of efficiency of AO over EF in an hybrid
process have not been established quantitatively. This point is crucial as the results will have an
impact on the reactor configuration to apply for scaling-up purpose.

Thus, for the first time, the impact of AO and EF on the efficiency of the combined process was
assessed through kinetics modelling validated by experimental data. AO and AO/EF experiments
have been performed at different concentration of a representative pollutant (Tween 80 surfactant)
from 0.8 to 12 g/L. Considering the pseudo-first order kinetic model, the rate constant values
highlighted an equivalant proportion of influence betwen heterogeneous "OH (50% with AO) and
homogeneous "OH (50% with EF) at the lower initial concentration of the compound. Interestingly,
this proportion turns in favor to AO process whose influence in degradation was around 70%
against 30% with EF, when increasing the initial organic load in the process. In such conditions, the
electrolysis is mainly controled by the current instead of mass transport control as demonstrated by
the kinetics modelling study, which favor the AO process. These results emphasized that according
to the organic load of the wastewater stream the electrochemical cell design needs to be adapted in
order to optimize the process efficiency. For instance, a flow-cell may be more appropriate for
highly concentrated solution while cascade of continously stirred tank reactors would be more
suitable at lower concentrations. This hypothesis remains to be tested by further experiments.
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In the last years, electrochemical advanced oxidation processes (EAOPS) have been shown to be
an effective alternative for the treatment of waters containing refractory organic pollutants as
organochlorine pesticides (OCPs). EAOPs are environmentally friendly methods based in the in-
situ electrogeneration of hydroxyl radicals ("OH), a very powerful and non-selective oxidizing agent
that reacts rapidly with organic compounds [1].

This study is focused on the effective removal of recalcitrant pollutant hexaclorocyclohexanes
(HCHs, isomers a, B, y and 8) and (CB) present in a real groundwater pumped from a landfill where
lindane production wastes were uncontrollably dumped. Groundwaters are characterized for a TC
content of 70 mg/L (TOC=15 mg/L), high salt concentration (SO,*, HCOs', CI'), pHo=7 and the
presence of low concentrations of iron in solution (0.5 mg/L). The electrochemical experiments
were performed in an undivided cylindrical glass cell (230 mL) at 25 °C and neutral pH (non-
adjusted). The cathode (carbon felt) [2] was placed on the inner wall of the cell and the anode
(BDD) [3] was centered in the reactor. Pumped groundwaters were treated without electrolyte or
iron addition. HCH isomers and other chlorinated compounds present in the effluent were followed
with reaction time by means of Gas Chromatography (after a previous solid phase extraction (SPE)
with acetone, using a Varian vacuum manifold). TC and pH were also evaluated during reaction.

The effect of the applied current on pollutants degradation, TC removal and pH evolution was
investigated. The electrochemical process exhibit great oxidation ability: the complete depletion of
the four HCH isomers is obtained at 4 h reaction time at 400 mA constant current resulting in a
residual TOC of 0.5 mg/L. The pH of the solution rapidly decreases as a consequence of the
formation of carboxylic acids (pHr = =3.0). A toxicity inhibition test (Vibrio fischeri) at different
reaction times showed a strong increase of luminescence inhibition percentage at the beginning of
treatment (t=30 min), indicating a considerably higher toxicity of the primary HCH and CB
byproducts. This maximum was then followed by a sharp decrease, suggesting that only non-toxic
carboxylic acids remain in the solution solution at the end of treatment. The addition of an
electrolyte (Na,SO4, 50 mM) does not affect the mineralization degree but improves the HCH
degradation kinetics and reduces the applied potential, minimizing in this way the energy
consumption (MCE, mineralization current efficiency).
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The presence of emerging pollutants in river water bodies, such as antibacterial drugs, may cause
dissemination of antibiotic resistant bacteria, which has become an emerging concern. These
pollutants can be mainly attributed to the discharge from municipal wastwater treatment plants due
to the low removal efficiency in the most widely used activated sludge systems that are not
designed to cope with those pollutants [1]. Applications of different treatment processes have been
reported, such as ozonation and activated carbon adsorption, to minimize their entry into water cyle.
However, the pollutants are only selectively removed in those processes [2]. In this study, the
results and experience from the project RISK-IDENT are presented to examine the effect in using
electrochemical advanced oxidation process (EAOP) to eliminate the emerging pollutants.
Hydrooxy radicals are directly produced from water discharge in the EAOP process [3]. The high
oxidative power of hydrooxy radicals allows them to non-selectively mineralize organic substances.

A lab-scale activated sludge system including denitrification process was designed. Mixture of
benzotriazol, carbamazepine, cybutryn, metoprolol and sulfamethoxazole was dosed to the system.
The effluent from the treatment system was further handled with lab-scale EAOP system. Diamond
electrodes of different geometries were tested to identify the optimal electrode design. Feeding
water, effluent after biological treatment and after EAOP treatment were analyzed with respect to
the concentration of trace pollutants (LC-MS), uranin, chloride, hypochloride, chlorate, perchlorate,
bromide, bromate and AOX. Ecotoxicity of the final effluent was examined. Furthermore, a pilot
reactor with flow rate up to 10 m*/h was developed and tested with respect to color elimination.

The results revealed that the removal rate of the five different pollutants in the biological steps
varied from 4% to 61%. EAOP process reached at least 80% of removal for all the five substances,
which required a specific current load of 100 — 180 As/L. A good correlation was established
between uranin removal and removal of the emerging pollutants. According to the ecotoxicity test,
the effluent after biological treatment inhibited the growth of cells. After EAOP treatment with a
specific current load of 80 As/L, the toxicity has been fully eliminated. Further treatment till
specific current load of 185 As/L did not reduce the toxicity further. Experiment with the pilot
reactor achieved uranin removal similar to the effect with the lab scale reactor, which demonstrated
the possibility to scale up the reactor. Estimation of the operation cost ended up with energy
consumption of 0.14 — 0.28 kWh/m? to achive 80% removal of the pollutants dosed.
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Various studies over recent years have proved the increasing occurrence in effluent of
wastewater treatment plants (WWTP)of several contaminants of emerging concern (CECs), which
are not completely removed by the common technologies employed in conventional WWTP. CECs
found at highest levels (ng L™ to pg L™) are pharmaceuticals, artificial sweeteners, pesticides,
flame-retardants, plasticizers and perfluoroalkyl substances [1,2].

The main objective of this study was to investigate an electrochemical treatment based on a
boron-doped diamond (BDD) electrode, as an advanced oxidation process (AOP) for the removal of
several CECs from effluent of WWTP with enhanced performance in terms of efficiency and
applicability [3].

Electrochemical treatments were performed with a CONDIAPURE® system using a
DIACHEM® electrode stack in a flow through cell (CONDIAS GmbH, Germany), in both
synthetic water and real secondary effluent. The electrode stack was composed by two BDD
cathodes and one BDD anode and in situ oxidation was performed with four anode/cathode pairs
applying a total current of 0.4 A. A total of 10 L of solution with the target organic pollutants was
circulated through the reactor at a flow rate of 18.5 L/min.

The removal of a mixture of CECs (iopromide, carbamazepine, diclofenac, erythromycin,
benzotriazol, sulfamethoxazole, caffeine, gabapentin, metoprolol, phenythoin, primidone,
venlafaxine, TCEP) by the investigated electrochemical system was primarily assessed in synthetic
model water spiked with the target contaminants at concentration in the range of 2-5 pg L™
Removal below limit of quantification (LOQ) was achieved for all tested compounds after 200 min
of treatment. Decay follows pseudo first order kinetics and kinetic constants (k) of 0.07 min™ for
sulfamethoxazole and diclofenac and in the range 0.03-0.01 min™ for the other CECs were obtained,
being TCEP the pollutant with slowest Kkinetics.

Afterwards, the secondary effluent of the municipal WWTP Garching (Germany) was employed
as a real water matrix which revealed the occurrence of several CECs (including the mixture of
selected compounds listed above) at concentration levels between 20 ng L™ and 20 pug L. The
electrochemical treatment of the effluent was performed under the same conditions employed with
the spiked synthetic water. Results demonstrated removal below LOQ for all the target CECs after
300 min with lower degradation rates than in the spiked synthetic water solution (k < 0.01 min™).

The detection of transformation products of investigated CECs was performed by UPLC-
QTOF/MS/MS, by employing a non-target analysis approach which was based on accurate MS and
MS/MS data and open source databases and software.
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Current issues on environment may be addressed with an efficient distribution of elements by
redox transformation under general principles of electrochemistry. To this end, wastewater
electrolysis cell has been designed for on-site wastewater treatment coupled with partial energy
recovery [1]. Chloride ion in wastewater can be oxidized to reactive chlorine species (RCS) such as
free chlorine and chlorine radicals, as core mediator for transformation of oxygen consuming
organics to CO,, ammonium ions to Nz, and so on. Although the kinetics and mechanism of
electrochemical oxidation of specific model organic pollutants have been releatively well
understood [2], dealing with real wastewater matrix should rely on collective water quality
parmeters such as chemical oxygen demand (COD), total organic carbon (TOC), total nitrogen (TN)
among many others. The existence of wide array of electron donating substances in wastewater
allows to expect a variation in kinetic parameters during the course of electrochemical treatment. In
this study, variable types of wastewater samples were prepared from greywater and septic
wastewater with anaerobic incubations. The pseudo-first-order rate constants for degradation of
COD and TN were well correlated with the ratio of [COD], and [TN]o to [CI]o [1]. These
observations agreed with a kinetic model under diffusion controlled regime for ClI" and RCS. The
degradation profiles of COD showed marked sluggish initial phase, which was found to be
associated with the presence of proteins and other high-molecular-weight compounds. Subsequent
degradation of organic acids accounted for more facile kinetics of COD degradation, which was
accompanied with slow decreases of TOC (mineralization). The decay of primary organic
functional groups was in the general order of reactivity with RCS, in-turn correlated with hammett
constant. The findings of this study rationalize a combination with biological treatment for
pretreatment of polymeric organic substances or *OH based advanced oxidation process for post-
mineralization.
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The combination of different semiconductors in heterostructures has largely contributed to
important advances, particularly in catalysis and solar-to-chemical energy conversion systems. In
the field of photocatalysis, however, most studies have focused on single photocatalytic materials.
Unfortunately, the efficiency of such materials may be hampered by limited light absorption, poor
charge diffusion and high charge recombination rates. Heterojunction materials combine
semiconductor phases with appropriate band offsets so as to promote vectorial charge separation,
encouraging polaron lifetimes and favouring photocatalytic activity. These materials can also take
advantage of extended light absorption, among other benefits.[1]

The work to be presented at this conference will update on recent advances in photocatalytic
heterojunction thin films for environmental applications. It will include discussion on two case
studies —an anatase-rutile TiO2 coating [2] and a record efficient WO3/TiO2 thin film [3]
synthesised using chemical vapour deposition (CVD) methods. The engineering of such films may
represent a step change in photocatalysis nanotechnology. CVD methods are scalable and currently
used in the industry and the resulting films are immobilised onto a range of substrates, which is
particularly convenient for photoreactor design.
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The purpose of this study is to evaluate the efficiency of non-thermal plasma and heterogeneous
photocatalysis processes for indoor air treatment in continuous reactor.The process was studied at
pilot scale at high flowrates.

Trichloromethane (CHCI5) also called chloroform was chosen as a model pollutant representing
hospital indoor air.The pollutant is considered as carcinogenic, mutagenic and reprotoxic.

Several parameters were studied like inlet pollutant concentration (25-300 mg/m?®), the flowrate
(2, 4, 6, 8 Nm®/h), the relative humidity of the effluent (5, 30, 50 and 90 %) and the input of the
discharge (9, 12, 15, 18 kV)

For the three processes (photocatalysis, plasma, combination), we note that the increase of
flowrate leads to a decrease of degradation efficiency due to a lower residence time inside the
reactor. The increase of humidity has a promoting effet on the degradation in the case of
photocatalysis process due to the formation of OH® radicals.

The combination of plasma DBD and photocatalysis enhances the removal efficiency. Moreover,
we note the presence of a synergetic effect leading to removal efficiency higher than 10% if we
consider the sum of the contribution of each process separately.
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There are some gaps to be filled answering what materials properties are conditioning the
photocatalytic activity of TiO, particles. In present study we followed the changes in the
characteristics of some industrial nanopowders as a result of their thermal treatment performing
XRD, TEM, BET and oxygen adsorption analyses. The photocatalytic activity of nanomaterials was
evaluated in a slurry-type photoreactor by the mineralization of 4-chlorophenol.

In our previous study on the oxygen adsorption on TiO, particles under a range of pressure from
10 to 760 mm Hg at 293 K linear isotherms with adsorption capacities deviation not exceeding 7 %
were obtained. Although, no strict linear dependence of adsorption coefficient on the BET value
was observed, the wet-synthesized photocatalysts with higher specific surface area up to 300 m?g™
have generally the higher adsorption capacities [1]. These materials are, however, known for their
“selective” photocatalytic performance. Titanium dioxide of pyrogenic origin if compared to wet-
synthesized samples with similar specific surface area was more active with non-selective
performance adsorbing approximately same amount of oxygen. In other our study it was also
demonstrated that the photocatalytic activity of pyrogenic nanoparticles improved while
approaching their phase transition [2]. The changes in the activity of anatase-rutile mixed phase
TiO, were observed without the phase transition. No assisting effect of rutile on the activity of
anatase-rutile mixed phase TiO; was detected, thus the hypothesis of “synergism” circulating in the
scientific literature is not supported by our group.

The present work demonstrated that after thermal treatment (up to 800°C) the photocatalytic
activity of TiO, from wet-process increased despite particle’s sintering and drastic decrease in the
specific surface area with anatase remained the single crystalline phase. No correlation was
observed between molecular oxygen adsorption capacities and photocatalytic activity: the increase
in activity in the course of thermal treatment was accompanied by the decrease in oxygen
adsorption capacity. Another aspect discussed here is the effect of light electromagnetic radiation
on the measurements of gas adsorption. The pressure of incident light is interfering with the
analytical device and should be taken into consideration. If not, the adsorbed gas amounts could
have negative values giving an impression of the “photodesorption” from TiO, surface.

Acknowledgements

The financial support from the Estonian Ministry of Education and Research (IUT 1-7) and
Deutsche Forschungsgesellschaft (DFG) (grants DE 598/26-1 and WE 2331/17-1) is greatly
appreciated.

References
[1] M. Krichevskaya, Proc. of 4th European Conference on Environmental Applications of
Advanced Oxidation Processes, Athens, Greece, 2015, 148.

[2] A. Moiseev Chem. Eng. J. 228 (2013) 614.

124



063

PHOTOCATALYTIC SILICA - TITANIA BASED NANOCOMPOSITE PAINTS

J. Subrf, E. Plizingrovd®, M. Palkovskd’®, J. Jirkovsky’, F. Peterka’, M. Jakubickovd’,
T. Sdzavskd*

® Institute of Inorganic Chemistry of the CAS, v.v.i., 250 68 ReZ, Czech Republic, (subrt@iic.cas).
® J. H. Institute of Physical Chemistry of the CAS, v.v.i., Dolejskova 3, 182 23 Prague 8, Czech Republic
¢ Technical University of Liberec, Studentska 1402/2, 461 17 Liberec 1, Czech Republic

With the high level of air pollutants particularly in the cities the deteriorating conditions of the
buildings accelerate. According to climate causes such as sun, moisture and wind there are also
biological and air pollutants, which damage the building surfaces. Bacteria, algae, lichens, mosses
and fungi belong among the most important ones. The deterioration process of buildings,
monuments and surfaces of other human constructions includes the combined action of physical,
chemical and biological factors which induce severe modifications on the surface and structural
integrity of the materials [1]. One of the non-invasive and cheap ways how to prevent the buildings
against the ageing processes caused by biological pollutants or smog exhalation is the innovation of
suitable photocatalytic coatings [2]. Our contribution focuses on the characterization of prepared
photocatalytic nanocomposite TiO,-SiO, system to be applied on the building objects in order to
improve quality of their surfaces.

It has been shown that composites based on nanostructured TiO,-SiO, exhibit photocatalytic
activity for decomposition of relatively small substrates without remarkable reduction in intrinsic
activity of bare TiO; [3]. We developed a new type of such composite, structure of which is typical
by presence of isolated islands of crystalline titania photocatalyst surrounded with SiO, matrix. The
SiO, matrix is keeping units of aggregated TiO, photocatalyst separated and can isolate the
photocatalyst from direct contact with the substrate on which the material is applied. The entire
composite structure is highly porous, allowing easy transfer of pollutants and their decomposition
products inside in the composite material.

This structure allowed proposing two types of self-cleaning photoactive materials for protection
of buildings: a transparent nanocomposite and a photoactive coating material based on acrylates.
The transparent nanocomposite can be applied on all types of building surfaces including organics
based paints leaving the surface clean and free of biological pollution, like algae and fungi.
Decomposition of the underlying organic coating was not observed.

We developed also an acrylic paint with the photocatalytic function, consisting of an acrylate or
styrene-acrylate binder system and a photocatalyst, wherein the photocatalyst is a stable composite
system based on nanoparticles of TiO, and SiO,, suspended in water or in mixtures of water with
stabilizing additives. The composite system includes the acrylate matrix organic heterogeneous
liquid phase with particles of rutile pigment and photoactive nanocomposite forming mutually
separated islands in the matrix, thus eliminating the premature solidification of the paint during its
storage and limited degradation of the coating due to sunlight.
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Effluents from the detergents industry are a highly contaminated wastewater characterized for its
high concentration of organic substances and surfactants. They are very difficult to polish by
conventional treatments due to their toxicity, non-biodegradability in many cases, and foam
generation . As a consequence, incineration is their usual treatment.

Five advanced oxidation processes (AOPs, namely: Fenton, photo-Fenton, photocatalysis
(UVITIO,), electro-oxidation and ozone) are herein assessed to further combine them with
biological processes aiming to reclaim the effluent for its further reuse or direct discharge fulfilling
the current legislation in force.

Fenton and photo-Fenton treatments addressed the best results among the tested AOPs, resulting
in a reduction of up to the 90% of the chemical oxygen demand (COD) and of about the 50% of the
total organic carbon (TOC) even when 5% of the product was remaining in the effluent
(COD=30000 mgO,L™). The treatment combination of Fenton method and aerobic membrane
bioreactor reported a total COD removal of the 97% from the same wastewater.

Ozone and electro-oxidation addressed good COD and TOC reduction figures (> 40%) when
treating diluted wastewater (0.5% of the product; 3000 mgO,L™), but foam production turns them
inappropriate for their direct industrial implementation. Nevertheless, new treatment and reactor
designs were further evaluated to solve this problem. Photocatalysis (UV/TiO;) reported the worst
results, achieving just a 20% COD reduction and almost no mineralization.
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Introduction

Tannery wastewater presents high organic matter and COD concentrations, besides a high
chromium concentration [1]. Conventional treatment techniques are efficient on COD and turbidity
removal, but, even after biological treatment, wastewater present chromium concentration above
limits permitted by legislation [2]. Therefore, many industries apply terciary treatment techniques
and one alternative is photocatalysis. In this sense, the main objective of this work was to evaluate
the treatment of tannery wastewater by application of chemical clarification with natural coagulant
PGa21Ca and photocatalytic degradation with TiO,, mainly for Cr(VI1) reduction [3]. PGa21Ca is a
coagulant obtained from a natural source and an interesting alternative to others traditionally used,
presenting high yield and high flocculant activity, flocculates a large range of organic and inorganic
substances and presents efficiency compared to alluminum sulphate [4].

Methods

Real tannery wastewater was treated by chemical clarification followed by photocatalysis.
Chemical clarification with PGa21Ca were experimented on a jar-test equipment and process
evaluated by a fractionary experimental design. Studied parameters included: coagulation agitation
and time, flocculation agitation and time, pH and coagulant concentration. Sedimentation of 60
minutes were applied at the end of the process to remove suspended solids. Turbidity, color, COD
and chromium removal were evaluated as responses. Photocatalytic reactions were performed on a
reactor with 15 samples with magnetic agitation, 60W irradiation power and initial pH from
clarification process (approximately 11). Reaction time and catalyst concentration were evaluated
by a central composite design with color, turbidity, COD and chromium removal as responses.

Results

For clarification process, optmized results were obtained with 140 rpm agitation for 50 s, 50 rpm
agitation for 5 minutes, 0,5 g L™ coagulant concentration at pH 11. Photocatalytic process best
results were achieved on 48 minute-reaction and 1,5 g L™ catalyst concentration. Results after
clarification and after clarification and photocatalytic process are presented on Table 1.

Table 1.: Polluents removal from tannery wastewater after clarification and after clarification and
photocatalytic processes.

After clarification After clarification and photocatalysis
Color removal (%) 75 87
Turbidity removal (%) 67 91
COD removal (%) 62 92
Total chromium removal (%) 94 97
Chromium (I11) removal (%) 95 98
Chromium (V1) removal (%) 92 94

Viability of PGa21Ca usage as coagullant for wastewater pre-treatment were proved, but further
investigation about action mechanism of this substance is needed to improve process.
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Air pollution has become a major issue over the past few decades, accompanied by serious risks
on human health. The demand for innovative air cleaning technologies is rising. Volatile organic
compounds (VOCs) are an important class of air contaminants. Conventional methods for VOC
removal are thermal oxidation and catalytic oxidation. The former requires temperatures above 800
°C to achieve destruction efficiencies around 98%, whereas the latter makes use of expensive
materials such as platinum and even then temperatures around 300 °C are required|[1].

Photocatalytic oxidation with titanium dioxide (TiO,) has the potential to effectively remove
VOCs under mild reaction conditions[2]. Here, an innovative reactor configuration is presented in
which a TiO, coated glass tube is spiraled around a UV lamp in order to ensure homogeneous light
distribution, while at the same time providing an intense contact between pollutants and catalyst
surface in a compact design. The photocatalytic degradation of acetaldehyde is studied for the spiral
reactor, compared to a conventional annular photocatalytic reactor. The results show that the spiral
reactor outperforms the annular reactor over a large range of flow rates.

TiO, can only be activated by UV light that represents approximately 5% of the solar spectrum.
Therefore, the TiO, surface is modified with plasmonic silver nanostructures to capture UV light
more effectively. Our results show an increase in acetaldehyde degradation from 50% to 100%
upon addition of silver nanoparticles as compared to bare TiO,.
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Broad utilization of non-renewable resources causes large contamination of the atmospheric
environments due to raising detrimental emission gasses, such as nitrogen oxides (NOx), sulfur
dioxide (SO,) and volatile organic compounds (VOCs).

Despite the high photocatalytic activity, enduring photostability, and non-toxicity to chemical
environment, pure TiO, photocatalysts can only be activated under ultra-violet (UV) light
illumination due to it is wide band gap structure. This makes TiO, absolutely inactive for indoor
air abatement; however, it can be modified for absorption of visible wavelengths via tailoring of
the band-gap energy.

In this present work, we have designed heterogeneous WO3-TiO, based photocatalysts which
have demonstrated high photocatalytic activity under visible light (VL) illumination. The WOs3-
TiO, co-catalysts were synthesized by the simple impregnation method and Cu(ll) and Fe(lll)
nanoclusters have been grafted on the surface of the photocatalyst, accordingly. As a case of study,
the synthesized photocatalysts have been characterized by using x-ray powder diffraction (XRD),
UV-visible Diffuse Reflectance Spectroscopy and BET specific surface area determination. The
evaluation of photocatalytic activities has been examined by monitoring the consequent
degradation of organic and inorganic model compounds like nitrous oxide and acetaldehyde under
UV and VL irradiation, according to international 1SO standard tests (1S022197-1 and 1S022197-
2). Concerning the photonic efficiency the highest photocatalytic activity has been observed at 2.5
wt% WO3 (500°C, pH~2) and 0.05 wt% Fe(IIl), nanocluster grafted TiO, owing to enhanced
separation and transfer of photogenerated charge carriers under VL (A=458nm) illumination. In
order to understand the photocatalytic mechanistic, electron paramagnet resonance (EPR)
spectroscopy and flat band potential (Mott-Schottky method) measurements have been extensively
investigated.

Consequently, the results explicate that the WO5 act as electron sink that would transfer excited
electrons to the surface grafted nanoclusters. These may suppress the recombination of
photogenerated charge carriers significantly, while the photogenerated holes on the valence band
of TiO, and WQOj3 can easily oxidize the pollutants.
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Since irradiation in the visible spectrum corresponds to 46% of the total irradiation emmitted by the
sun, there is a tendency to study and sythesize new photocatalysts that promote efficient use of solar light.
It is known that semiconductors based on Fe/Nb oxides present a spectral photosensitivity that includes a
large part of the visible range of the solar spectrum, showing high photocatalytic activity [1,2]. Currently,
the main challenge is the absence of a technical protocol for the synthesis of Fe/Nb photocatalysts with
optimum activity. The purpose of this work is to elaborate a synthesis route to produce photocatalysts
based on Fe and Ni oxides for the application in solar heterogeneous photocatalysis. For this purpose,
different sythesis routes were tested and compared as according to photocatalysts characterization and
solar photocatalytic activity.

Among the 10 photocatalysts produced through different routes, four of them showed >90%removal efficiency
of methylene blue (MB) (Table 1). Photocatalyst R2-A presented disirable association between its properties and
its solar photocatalytic activity. This is an interesting result taking that R2-A was synthesized through an
innovative route in which UV irradiation was performed before co-precipitation.

Samples treated by C1, C2 and R2-B showed complete visual color removal, and no dye impregnation
was observed in the material after reaction. Alkaline character and presence of Fe oxides in their
composition distinguish them from the other phtocatalysts produced in this study and may be considered as

factors that indicate a differentiated mechanism of MB degradation.

Table 1.: Solar photocatalytic degradation of MB (eﬂoosure time, accumulated solar radiation, visual aspect of the samples, reaction pH
and contribution of solar photocatalysis, photolysis and adsorption processes to total effciency).

MB

Exposur Accumulative sol¢ hotol C C C C C C C R R R
time (mir irradiation (kJ.L* P si;’ 1 2 3 4A 4B 5A 5B 1 2A 2B
10 570 O @ . @6 e« eas”™
60 29.27
® ¢ O0Ceeec€cCea
: B ™ > P
90 44.38 @ 1 ( @& G @ @ @ @ G (\
\ ‘ \\“\/ - 'L?"';\ By O &
- — )
120 57.31 {j S (‘N o (g & & (
pH 1 1 4 5 5 5 5 5 6 1
Esov (%) 9 8 8 8 8 8 8 9 9 9
Enps (%) - 2 2 6 3 5 1 1 2 2 3

Efficiency of: solar photocatalysis (EsoL); photolysis (*); adsorption (Eaps).
Meanwhile, R1 and R2-A, which also showed

—MB

excellent performance, presented a reaction mechanism 151 oyese
similar to that observed for other catalysts (C3, C4- Figure 1.: Absorption spgctrum &
A, C4-B, C5-A and C5-B). , | of solar photocatalysis. e

—C5-A
—C5B
—R1

R2-A
R2-B

It was verified that Fe/Nb,Os ratio, reaction pH, chosen
precipitating agent, aging time, presence/ absence of washing
stage, and calcination temperature and time showed an
impact on the properties and performance of photocatalysts.
Thus being considered as the most relevant parameters of
synthesis.

Absorbance

%0 w0 10 wo w0
Wavelenaht (nm)
References
[1] C.C. Rezende et al., Synthesis and characterization of iron/niobium composites: Catalyst for
dye wastewater treatments, Catalysis Communications 26 (2012) 209-213.

[2] V.M. Aroutiounian et al., Photoelectrochemistry of semiconductor electrodes made of solid
solutions in the system Fe,O3—Nb,Os, Solar Energy 80 (2006) 1098-1111.

133



SPC I-4

INFLUENCE OF LIGHT DISTRIBUTION ON THE PERFORMANCE OF PHOTOCATALYTIC
REACTORS: LED VS MERCURY LAMPS

M. Martin-Sémer, C. Pablos, R. Van Grieken, J. Marugdn

Department of Chemical and Environmental Technology (ESCET), Universidad Rey Juan Carlos, C/
Tulipan s/n, 28933 Moéstoles, Madrid, Spain, (javier.marugan@urjc.es).

One of the main drawbacks of the photocatalytic process is the high consumption of energy.
Moreover, mercury fluorescent lamps, which have been traditionally used to supply the UV-A light
necessary for these processes, provide a low conversion of the electrical energy input into useful
light. The recent availability in the market of UV LEDs has produced a revolution in the field, with
an exponentially growing number of publications reporting photocatalytic applications based on
LED light sources. They offer several advantages over classical incandescent and conventional
mercury discharge lamps, offering a higher energy efficiency, a longer lifetime, easily adaptable
output, instant on-off and tunable wavelength [1]. Moreover, the use of LED flexibilizes
significantly the reactor design, not being constrained by the tubular shape of mercury lamps.
However, the use of LED also introduce important changes in the light distribution achieved inside
the reactor. In this study an exhaustive comparison of three different UV-A sources (a mercury
fluorescent lamp, a 8 LED based system and a 40 LED based system) with different light
distribution has been carried out. Theoretical distribution of the light was modeled in Ansys Fluent
v14.5 using the discrete ordinate method following the procedure described by Casado et al [2]
(Figure 1a). In order to evaluate the photonic efficiency of each system, the photocatalytic oxidation
of methanol to formaldehyde was used as model chemical reaction, whereas E. coli was selected as
model pathogenic microorganism for disinfection applications. In the case of the methanol
oxidation, the results show that a homogeneous distribution of the light allows achieving a higher
photonic efficiency that. The diffuse and uniform emission of the fluorescent mercury lamp
partially compensates its lower energy efficiency in the electricity to light conversion, leading to
comparable results in terms of reaction rate per comsumed kWh (Figure 1 b). This fact can be
explained taking in consideration that electron-hole recombination is enhanced in the areas of the
reactor with higher radiation intensities. On the opposite, for bacterial inactivation the existence of a
non-uniform radiation field with regions of the reactor with very high intensities seems to enhance
the efficiency of the process.
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Figure 1. a) Radiation field modeled by Ansys Fluent , b) Reaction rate of methanol oxidation vs power
consumption.
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Emerging contaminants have become fashionable and trendy research in recent years. They are
new compounds or chemicals without regulatory status whose effects on environmental and human
health are unknown. Some of them are Endocrine Disruptors (EDs), a group of emerging
contaminants plenty of interest because of their potential biological activity interfering the
hormonal system [1]. Investigations of anthropogenic contaminants in fresh- and wastewater have
shown a wide variety of undesirable organic compounds [2]. As a result, drinking and wastewater
treatments using innovative technologies to remove those organic compounds are required. The aim
of this work was to study the efficiency of ZnO as a photocatalyst under solar irradiation for
environmental remediation of wastewater polluted with different EDs (bisphenol A, bisphenol B,
diamyl phthalate, butyl benzyl phthalate, methyl p-hydroxybenzoate and ethyl 4-hydroxybenzoate).

The photocatalytic process was previously optimized in distilled water under laboratory
conditions using a photoreactor equipped with UVA lamps. Catalyst loading (ZnO), effect of the
electron acceptor (Na,S;0g) and pH were studied. In a second stage, the photo-assay with EDs
spiked around 0.3-0.4 mg L™ of each in wastewater effluent was carried out at pilot plant scale
using sunlight during July 2016 in Murcia (SE of Spain). The photocatalytic activity was evaluated
by monitoring the EDs oxidation during a photoperiod of 240 min. The EDs were quantified by
GC/MS in SIM mode.

The results obtained at pilot plant scale using the tandem ZnO/Na,S,0g showed significant
degradation of the EDs with half-lives ranging from 1 to 69 min for bisphenol A and diamyl-
phthalate, respectively, following single first order Kkinetics. The estimated optimum ZnO
concentration was 200 mg L™ and the addition of Na;S,0g (250 mg L™) enhances the reaction in
comparison with the photolytic test and ZnO alone. The efficiency of ZnO to remove EDs has been
demonstrated due to its specific properties, such as spectral response in UV region, high electron
mobility, wide band gap, and large excitation energy. As a result, solar photocatalysis using the pair
ZnO/NayS;,0g can be considered as an environmental-friendly technique for water detoxification
and a sustainable technology for environmental remediation, especially in Mediterranean Basin,
where many places receive more than 2800 hours of sunshine per year on average.
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For any photocatalytic processes, the large surface area is one of the most important property.
With respect to TiO,, the most known and used photocatalysts, anodic oxidation and hydrothermal
synthesis are the most common used methods to growth TiO, nanotubes in order to increase the
available area [1]. Currently, there is a lack of studies were the resulting materials of these methods
are compared. For this reason, the present study will compare three types of TiO, nanotubes
obtained using different synthesis methods: hydrothermal method using Ti foils as precursor,
electrochemical anodization and hydrothermal with powder TiO»-dip coating [2][3]. Properties such
as adhesion-stability, ease to support on other materials, morphology and structure and
photocatalytic performance, among others are include in the comparative study. Characterization
techniques included were DRX, SEM, RAMAN, Scotch Test and BET. Photocatalytic test were
performed under UV light and methyl orange dye degradation was choosen. For electrochemical
anodization method, titanium foils were 0.89 mm in thickness and ethylene glycol containing
fluorine ions (0.8, 1 and1.2 wt% NH4) and 10 wt% water was used as electrolyte while voltage and
anodization time were 15, 20, 30 V and 1, 2, 2.5 h respectively. On the other side, samples
corresponding to hydrothermal synthesis were prepared using commercial TiO, as precursor (1,6
and 2,9 g), 10M NaOH solution and temperature of 130 and 180 °C. The powder obtained was
deposited on Ti plates using the dip-coating technique with ethanol-ethylene glycol-
polyetyleneglycol as solution and varying the among of TiO, and number of deposition cycles.
After the deposition, the samples were calcined at 400 °C. Finally, Ti foils were submerged in 5, 10
and 13 M NaOH solution in an autoclave for 24 h at 160 and 180 °C.
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Nowadays heterogeneous photocatalysis using metal oxide semiconductors is one of the most
promising techniques for environmental applications. Such materials can be employed as
photocatalysts for the degradation of pollutants using advanced oxidation processes (AOPSs) and the
production of hydrogen by water splitting. In order to use solar energy for the activation of
photocatalysts, many material scientists have focused on the improvement of titania photocatalyst
which is actually the best candidate for applications in photocatalysis. Even if TiO, is active under
UV irradiation, it has great advantages such as its low cost, stability, non-toxicity and excellent
electron transfer properties compared to the most of metal oxide semiconductors [1]. As a result,
great effort has been made to shift the energy band gap (Eg) of TiO, towards visible light using
dopants, composites or photosensitizers. In this respect, combined BiVO4/TiO, photocatalyst seems
to be a promising system [4-5]. Bismuth vanadate is a photocatalyst that can be activated under
visible light (Eg=2.4 eV). Although BiVO, can be used under natural solar light, this material
exhibits poor electron transport and high rate in charge recombination. Therefore in the presented
work, different BiVO4/TiO, layered photocatalysts were elaborated in order to allow beneficial
charge transfer between the components for the production of H, by water splitting and the
degradation of organic pollutants.

Bismuth vanadate/titania layered photocatalysts were prepared by simple wet chemical methods.
Different layered configuration was prepared with TiO, covering BiVO, and vice versa. The films
were characterized by SEM, XRD and DRS, and electrochemical measurements were also
performed. The combined BiVO,/TiO, photocatalyst were used in the photodegradation of stearic
acid and an organic dye (rhodamine B). The mechanism of photodegradation was studied by the use
of charge scavengers. According to the configuration of the layered BiVO,/TiO, films, the
photodegradation mechanism of organic pollutants was different and this fact was discussed. On the
other hand, the production of hydrogen by water splitting was performed in a photoelectrochemical
cell in order to drive efficiently the photogenerated electrons to a Pt/elcocarb electrocatalyst using
an electrical forward bias. Unless the production of better photocurrent was obtained for
BiVO,/TiO, compared to the single components, the evolution of hydrogen remained similar to that
of pure BiVO, under simulated sunlight mainly due to lower a solar-to-hydrogen (STH) efficiency.
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The increasing interest on alternatives to fossil fuels, has favored the development of the
biodiesel industry, which is mainly obtained from the fatty acids transesterification reaction [1].
Glycerol is the main by-product of this process which represents about 10 %w/w of the total
biodiesel production [2]. Nevertheless, due to the large amount of glycerol generated and the
limited market of this by-product, the biodiesel process is generally not feasible [3]. Additionally,
there is few information about the environmental risk of glycerol-containing wastes discharged after
a manufacturing process of biodiesel, some manuscripts have reported that high concentration
glycerol discharges could inhibit its mineralization rate [4]. Although, glycerol could be used
directly as fuel its low heating value and the presence of acrolein as a by-product of direct glycerol
combustion, creates the necessity to apply a treatment of glycerol before its release to environment
[5].

Photocatalysis has emerged as an alternative for the utilization of glycerol-containing wastes.
This process has the advantage that could produce hydrogen while glycerol is degraded under
normal conditions of pressure and temperature unlike other process reported in literature [6]. In the
present work we propose the use of copper slag as a photocatalyst, this material is a by-product
generated from the copper refinement. Copper slag has shown photo-activity under the visible
region, since the band gap value reported is 2.5 eV [7]. This makes slag an interesting alternative
due to the possibility of using sunlight as an activation source.

Therefore, the aim of the present work is to study the effect of the system parameters over
photocatalytic copper slag performance: photocatalyst dosage, initial glycerol concentration and pH.
A central composite design was used and the high and low values of evaluated factors were selected
according to the available information in literature.

According to the experimental results, initial pH was the parameter that showed a significant
effect on photocatalytic production. The optimum pH value was 6.4, this value is desirable, due to a
glycerol solution without any control has a pH value near to 6.5 (pK,, 14.15). Optimum catalyst
dosage was 2.09 g/L, greater values inhibit the hydrogen production, this could be related to the
screening effect. Whereas low values of initial glycerol concentration are preferred, optimum
concentration was 0.08 %v/v. Regarding the glycerol mineralization, none of the studied parameters
showed a significant effect over the system, probably due to the high concentration range evaluated
in this work. Nevertheless, the slag photocatalytic system under simulated solar light reached up to
5% of glycerol mineralization after 5 h of irradiation.
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Phenols are common pollutants in industrial wastewater, they are considered as primary
pollutants because they are recalcitrant, carcinogenic and harmfull to organisms at low
concentrations [1]. Advanced Oxidation Processes (AOP’s) are used for phenol degradation. The
AOP of heterogeneus photocalytics with TiO; is a way which can be improved by transition metals
inclusion. Copper (Cu) can be used as catalyst to obtain advantegeous phenol degradation
efficiencies [2], since Cu (II) direct the phenol reaction towards preferently the catechol formation
(fast degradation) over hydroquinone [3].

In this work, the photocatalytic degradation of phenol was studied through several composites
consisting of activated carbon impregnated with TiO, and Cu. Using commercial activated carbon
(AC), different composites were obtained according to three sequences of TiO, and Cu(NOs),
impregnation by boil deposition. Different portions of each composite were calcinated at 400, 500
and 600 °C (2 h) under reducing atmosphere, while the remaining portions were dried at 110 °C (12
h).

Cu and Ti metals impregnated quantities were analysed through Atomic Absorption, and oxides
were identified by X-ray diffraction. The specific area variation, microporosity and mesoporosity of
AC post-impregnation were evaluated by N, BET adsorption isotherms, iodine and methylene blue
tests, respectively. Composites surfaces were analysed by scanning electron microscopy (SEM),
and pH points of zero charge (pH,c) were determinated.

Adsorption and photocatalysis of phenol were studied separately since both processes take place
simultaneosly. Phenol concentrations and the primary products were determinated through HPLC.
Four composites were tested: AC-TiO; (0,14 %w/w of TiO,), AC-Cu-600 (4,10 %w/w of Cu), AC-
Cu-TiO,-600 (3,68 of Cu - 0,08 of TiO, %w/w) and AC-sim-400 (0,28 of Cu — 0,65 of TiO;
%w/w). Under dark conditions and magnetic stirring (500 rpm), the adsorption equilibrium was
reached after 24 h with percentages in the range 70% - 90%.

The photocatalytic tests were carried out applying UV radiation provided by a 15 W low-
pressury mercury lamp. A portion of 0,25 g of each composite was added into 250 mL of a phenol
solution (~25 mg/L). The initial pH was 4. After 24-hour irradiation tests, phenol photodegration
percentages were reached higher than 80% for AC-TiO,, while for AC-Cu-TiO, composites around
90%.
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One of the biggest problems of the current society is water of sufficient amount and quality. To
solve this problem already many efforts have been performed, however, many issues are still
undecided. Therefore, our present work is focused on water purification processes based on
heterogeneous photocatalysis. The most intensively researched photocatalyst is TiO, which shows
several beneficial properties, such as stability, strong oxidizing power, chemical inertness, non-
toxicity, low cost and environmentally nonthreatening nature [1]. Despite of all these, TiO, can be
activated merely just by UV/near visible irridiation. The sunlight has only 5 % of UV light
component, therefore we started to investigate visible light photocatalysts.

Thus, the present work deals with the synthesis of visible light active photocatalysts — silver
halides. It is a material type with narrow band gap enegy values (< 2.0 eV), easaly obtainable [2], it
has the same strong oxidizing power such as TiO, but with low stability compared to TiO,.
However, this material can be activated with visible light.

Silver halides can be synthesized by ion change -, precipitation and hydrothermal crystallization
processes. In our case silver halides were obtained by hydrothermal crystallization. The crystal
shape, structure and morphology was influenced by different alkali metal salts and surfactants
containing different fuctional groups.

The obtained silver halides’ photocatalysts morphological and structural details were evaluated
by XRD (X-ray Diffractometry), TEM (Transmission Electron Microscopy), DRS (Diffuse
Reflectance Spectroscopy), Raman spectroscopy and SEM (Scanning electron microscopy). The
photocatalytic performance was investigated by the degradation of methyl orange.
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The presence of arsenic compounds in drinking aquatic supplies negatively affects more than
140 million people worldwide. Due to their high toxicity, the WHO has recommended a maximum
concentration of 10 pg-L™" in water for human consumption. Arsenic is mainly found in water as
arsenite, As(l1l), and arsenate, As(V), being the former As(I1l) more toxic and difficult to remove.
For this reason, the conventional treatments for arsenic-contaminated water involve a first stage of
As(I11) oxidation followed by the removal of the resulting As(V), generally by adsorption.
Photocatalysis with titanium dioxide (TiO,) has been previously studied for the removal of arsenic
[1]. The efficiency of this process is controlled by the high rates of electron-holes recombination. In
order to reduce it, several metals such as Fe, Pt, and Nd have been used as dopants [2].
Furthermore, it has been found that the addition of metallic iron (ZV1) to titania suspensions in the
photocatalytic oxidation of As(l11) attained the adsorption of As(V) generated in situ [1]. However,
the use of composites of TiO, and nanoscale particles of ZVI (nZVI1) has been poorly explored so
far. The goal of this work is to evaluate the photocatalytic removal of arsenic from aqueous
solutions using nano-composites of TiO,/nZVI at varying titania to Fe ratios, under different
reaction conditions.

The TiO,/nZVI composites were synthesized by precipitation and reduction with NaBH, from an
iron salt (FeSO4 7H,0) in the presence of different amounts of TiO,-P25. Samples were fully
characterized by XRD, SEM, TEM, and N, sorption isotherms. The photocatalytic reactions were
performed in a discontinuous reactor provided with a Heraeus TQ-150 UV-lamp, continuous
oxygen flow and magnetic stirring. The 10 mg-L™ of As(I11) solutions were prepared from NaAsO,
at pH values of 9.5 and 3 (HCI 3.8 M). As(l1l) and As(V) concentrations were determined up to 1
mg-L™? by a colorimetric method (UV-VIS spectrometer JASCO V-630), whereas the lowest
arsenic concentrations were quantified by Hydride-Generation Atomic Fluorescence Spectrometry

(PSA 10.055 Millennium Excalibur).
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The pollution of the aquatic environment has become an important issue. Wastewaters from
agriculture and pharmaceutical industry can pollute intensively the soil so much, that the plants in
these regions may have remanescent pesticide contamination levels which can seriously damage the
health of animals and humans who are consuming them.

This environmental issue can be solved by applying heterogeneous photocatalysis. by degrading
most of organic pollutants to carbon-dioxide and water [1].

In this moment the TiO, is one of the most frequently used semiconductor photocatalysts,
because of its several beneficial properties (physical and chemical stability, safety, low cost, and
resistance to photocorrosion) [2] but this compounds has also some draw-backs (possible
carcinogen and low activituy under visible light) [3]. For this reason it is important to find a low
cost and nontoxic semiconductor with visible light driven photocatalityc activity.

In the present work we have successfully synthesized differently shaped CuxO and CuxS
nanocrystals applying various precursor salts (CuCl,, Cu(CH3COO);) and shape controller agents
((CeHgNO),, — PVP, EO20PO70EO, — P123) using hydrothermal crystallization. The synthesis were
performed at several temperature (120 °C-200 °C) and pH value (4.5-5.5), for the optimization of
these parameters.

The nanocrystals were investigated by specific characterization methods (transmission electron
microscopy, scanning electron microscopy, X-ray diffraction analysis, diffuse reflectance
spectroscopy and Raman spectroscopy) to uncover morphological (crystal shapes and crystal size),
optical (band-gap values), and structural peculiarities (crystal structure).

The photocatalytic activity of these materials were sucessfully investigated in the
photodegradation of organic compounds (phenol, oxalic acid and colorants) and in photocatalytic
hydrogen producton (with oxalic acid as a sacrificial agent).
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Carbon dioxide (COy) contributes largely to the global climate change because it is one of the
main greenhouse gases that are present in the atmosphere. CO, takes part in raising the global
temperature through absorption of infrared light and re-emitting it [1]. The reduction of CO, by
photocatalysts is one of the most promising methods since CO, can be reduced to useful compounds
by irradiating it with UV light at room temperature and ambient pressure. Titania (TiO2) has been
considered to be the most suitable catalyst for environmental applications. However, TiO2z suffers
from low photoconversion efficiency for practical application of photocatalytic COz2 reduction due
to its rapid electron-hole recombination. Moreover, attributing to its relatively large bandgap value,
merely 5% of incoming solar light can be utilized by the bare TiO2 for photocatalytic reaction. One
of the most widely applied approaches to prepare highly efficient TiO, for photocatalytic CO,
reduction is the surface modification of TiO,. The parent TiO, and a set of copper doped TiO,
photocatalysts (with 0.5, 2, 4, 7 and 10 wt.% of CuQ) were prepared via sol-gel processing. The
physico-chemical properties of prepared photocatalysts were characterized by nitrogen adsorption-
desorption measurements at 77 K, powder X-ray diffraction, DRS UV-vis and photoelectrochemical
measurements (Fig. 1). Their performance was investigated for photocatalysis in gas for CO,
photocatalytic reduction. There are several aspects influencing the photocatalytic performance of
nanoparticles such as the absorption edge, surface area and surface properties and most importantly
electron and hole energies. All these aspects can be significantly affected by the dopation of cooper
to TIOz
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Figure 1.: Photocurrent generation at electrodes made from the studied photocatalysts
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During the last years, due to their adverse effects on the surroundings, antibiotics have become a
new class of water contaminants of emerging concern. UVC/H,0, photochemical processes have
shown good results in the decontamination of water containing this kind of micropollutants [1]. In
this study, the degradation of a model antibiotic, oxytetracycline (OTC), by a H,O,/UVC system
was evaluated in real urban wastewaters using two different photoreactors: a Jets reactor and an
innovative FluHelik reactor.

The FluHelik reactor corresponds to a tubular reactor in which a stainless steel cylindrical
housing (din: = 64 mm; length = 184 mm) with tangential inlets contains a concentric quartz tube
(dext = 23 mm; length = 184 mm) housing a 6 W UVC lamp (Viiuminated = 516 mL). The Jets reactor
corresponds to a tubular reactor in which a borosilicate glass cylindrical housing (di,t = 66 mm;
length = 184 mm) with 4 axial inputs contains a concentric quartz tube (dext = 23 mm; length = 184
mm) filled with a 6 W UVC lamp (Viiuminaeda = 553 mL). The light path-length and the photonic
flux, measured by 2-nitrobenzaldehyde actinometry, was 20.5/21.5 mm and 2.0/1.8 Jyys™,
respectively for FluHelik/Jets photoreactors.

The oxidation of 20 mg OTC L™ in an urban wastewater matrix was first evaluated in the lab-
scale Jets photoreactor with an axial flow (Q = 100 L h™, Re = 446) at pH 7.5 and 25° C, irradiated
by a 6 W UVC lamp and varying the H,O; initial concentration (100, 500, 1000 and 2000 mg
H,0, L™). The OTC degradation increased with increasing initial oxidant concentration, within the
concentration range tested. However, similar mineralization results were obtained for hydrogen
peroxide concentrations higher or equal to 500 mg H,O, L™*. With 500 mg H,0,L™, the OTC
removal up to the analytical detection limit is reached after 1.4 kdyy L™, achieving a mineralization
of 65% with 17.3 kJyy L™

The same procedure was repeated using the FluHelik photoreactor, leading to an optimal oxidant
concentration of 500 mg H,0, L™ (Q = 100 L h™, Re = 456). Under these conditions, the OTC
removal up to the detection limit was achieved after 0.8 klyy L™ of accumulated UVC energy, 2
times lesser than with the Jets Reactor, and a mineralization of the remaining by-products of 71%
using 14.4 kduy L. The helical movement of the fluid around the radiation source promotes a
longer contact time of the fluid with the photons and maximizes fluid turbulence and mixing.

Finally, the degradation of 20 mg OTC L™ in an urban wastewater matrix at pH 7.5 and 25° C
was also analyzed in a pilot-scale FluHelik reactor (din: = 150 mm; length = 480 mm; light path-
length = 51 mm; Viiminated = 7.6 L) with a 95 W UVC lamp (photonic flux = 19.3 Jyv s'l). The best
result was also reached using 500 mg H,0, L™ (Q = 7500 L h™*, Re = 15000), achieving the total
OTC degradation, below the detection limit, with an accumulated energy of 1.2 kiyy L™ and a
mineralization of 63% using 12.4 kJyy L2,
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Advances in pharmaceutical and agrochemicals offer solutions to solve different problems of
current society. However, as a result, water effluents containing either pharmaceutical or
agrochemicals or their methabolites contribute to a more polluted environment. Although in their
production process the outflow of a factory can be controled, a delivery in wastewaters due to their
consumption is out of control. These chemicals tend to end in the water network, and once at the
water treatment plant, they are not easily destroyed.

Under this context, advanced oxidation processes and, in particular photocatalysis, can act as
powerful techniques to produce decomposition of these chemicals. For instance, Rose Bengal is a
well-known photocatalyst [1] that has been widely used due to its high quantum yield of 'O,
formation (®, = 0.76-0.83) [2]. For this reason, when it has been applied for wastewater
remediation, the observed photodegradation has been, in general, attributed to the *O,. However, it
can also react through electron transfer; therefore competition Type | vs Type Il oxidation deserves
further investigation to stablish the real mechanism involved.

In this study, perinaphtenone (PN) has been initially used in order to improve detection
properties. PN is also able to generate 'O, (®, =1) [3] and has a redox potential of -1.1 V (vs SCE)
[4] so it can also act as a Type | photocatalyst. Different commonly used drugs, such as
acetaminophen, have been selected for this study. Photodegradation of these pollutants proceeded
with good yields even under anaerobic atmosphere. Laser flash photolysis experiments revealed
guenching of the triplet excited state of PN with formation of PN, (Figures 1A and B), and
quenching of 'O, was also measured. A plausible mechanism to explain the photodegradation of
these drugs has been postulated, based on a combined analysis of Type | and Type Il results.
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Figure 1.: Quenching of *PN" (Abs py 5 - 355 nm=0.3) With increasing amounts of ACF [ACF] = 0 -1mM recorded at
390nm (A). Generation of PN~ with increasing amounts of ACF [ACF] = 0 -1mM recorded at 350nm (B)
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The presence of contaminants of emerging concern such as antibiotics and antibiotic-resistant
bacteria (ARB) in wastewater effluents and the inability of the conventional wastewater treatment
processes (i.e. conventional activated sludge) to completely eliminate them is one of the most
challenging aspects of wastewater reuse. Advanced Oxidation Processes (AOPs), based on the in
situ generation of hydroxyl radicals (HO’) with high efficiency in degrading various
microcontaminants, have gained considerable attention the last years with regard to their real-scale
application in urban wastewater treatment plants. Among the various AOPs, photo-Fenton is an
attractive option for the treatment of wastewater effluents due to its environmentally friendly
application and the prospect of operating under natural solar irradiation (i.e. solar photo-Fenton),
hence lowering the operating cost of the process considerably. Activated Carbon (AC) adsorption
can enhance further the removal of the microcontaminants, as well as reduce the toxicity of the
AOPs-treated wastewater due to the potential adsorption of toxic oxidation products.

Within this context, this work aimed at exploring the efficiency of the solar photo-Fenton
process at a pilot scale, in removing selected antibiotics and ARB, as well as toxicity from
secondary treated wastewater effluents. The degradation of a mixture of antibiotics, namely
ampicillin (AMP), clarithromycin (CLA), erythromycin (ERY), ofloxacin (OFL), tetracycline
(TET), trimethoprim (TMP) and sulfamethoxazole (SMX), was investigated by testing various
oxidant (H,O,) concentrations. Ferrous iron concentration was kept constant in all experiments (5
mg/L), to avoid the requirement for iron removal at the end of the process according to the iron
discharge limits set in the existing regulation [1]. The phyto- and eco-toxicity of the treated samples
were also evaluated against three plant species (Sorghum saccharatum, Lepidium sativum, Sinapis
alba) and a crustacean (Daphnia magna), respectively. Moreover, the disinfection potential of the
solar photo-Fenton process as to the inactivation of frequently encountered bacteria in wastewater,
which have the potential to harbour antibiotic resistance to selected antibiotics, i.e. Escherichia coli,
Pseudomonas aeruginosa, Enterococcus and total heterotrophic bacteria was assessed.

The results obtained in this study demonstrated the ability of the solar photo-Fenton process to
completely degrade all the tested antibiotics in tzow,=115 min of treatment. Colonies harbouring
resistance to SMX, TMP and ERY apparently survived solar photo-Fenton process and prolonged
treatment time was needed for their complete elimination. Phyto- and eco-toxicity tests showed
increased toxicity until 120 min of treatment, while the toxicity of treated samples at the end of the
oxidation process was similar with that of the untreated wastewater. Therefore, additional
adsorption experiments using granular activated carbon (GAC) were carried out to investigate
whether the residual toxicity could be further reduced. The results revealed that the post-treatment
of the solar photo-Fenton treated flow with 500 mg/L GAC resulted in complete elimination of
toxicity within 15 min of contact time.
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For the first time, the detection and the removal of micropollutants in water from the Meurthe
river (France) was achieved. Twenty one micropollutants including 17 pharmaceutical compounds
were detected and quantified in a range of ng/L. For this purpose, it was necessary to use a
preconcentration step followed by Liquid Chromatography/Mass Spectrometry analysis (LC-
MS/MS).

Faujasite-Y zeolite impregnated with iron (Il1l) was employed as a catalyst to remove the
micropollutants. First, an optimization of the process parameters was conducted using Phenol and
Diclofenac as model pollutants. The hydrogen peroxide concentration, the light wavelength (UV
and visible) and intensity, the iron loading immobilized as well as the pH of the solution were
investigated. Complete photo-Fenton degradation of the two contaminants was achieved using
Faujasite containing 20 wt.% of iron, under UV light, and in solution containing 0.007 mol/L of
H,O, at pH 5.5.

In a second step, the process was used with real water samples from the Meurthe river. On the
one hand, the concentration of Carbamazepine, Diclofenac, Triclosan, Estrone, Ketoprofen,
Naproxen, and Lidocaine fell below their limit of quantification of the LC-MS/MS after 30 min of
treatment (UV + H,0,). On the other hand, Bisphenol A, PFOS, Sulfamethoxazole, Erythromycin,
and lbuprofen were not completely removed after 6 hours of treatment, but the initial concentrations
had been reduced by a factor larger than or equal to 2. The degradation efficiency was also
compared to that of TiO, P25 which remains the state of the art photocatalyst. Faster
micropollutants removal occurred with the zeolite.
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Mechanical biological treatment (MBT) plants are an established option to limit the
environmental impact of direct landfill disposal, while benefiting from resources and energy
recovery. However, a significant amount of liquid stream with high pollutant load is usually
generetared in MBT plants. In a previous work, a hybrid magnetic graphitic nanocomposite
(MGNC) catalyst — composed by a magnetite core and a graphitic shell — revealed a high
performance when applied in catalytic wet peroxide oxidation (CWPO) [1]. Seeking for MGNC
catalyst optimization, nickel and cobalt ferrites were prepared in the present work and encapsulated
within a carbon shell in addition to magnetite. The material composed by the cobalt ferrite core
(CoFe,04/MGNC) revealed a superior performance in CWPO, achieving a remarkable abatement of
the liquid effluent collected from a MBT plant . -
located in Portugal [9206 mg L™ chemical oxygen 100 W cop [ oe [LJne. Amma“i"y
demand (COD); 1933 mg L™ biochemical oxygen %} |7 7 2 |7
demand; 2046 mg L™ total organic carbon (TOC); 8or ’
14350 mg L™ bicarbonates; 3664 mg L™ chlorides; < 7°f
14.7 x 10* CFU mL™ heterotrophic bacteria]. The & >t
results obtained in a series of CWPO runs performed s , i
at near neutral pH with consecutive reuse of 30l
CoFe;04/MGNC are given in Figure 1. For that 20f
purpose, a magnetic separation system was applied 10}
for catalyst recovery after each cycle, the treated 1 evele 2" rd n o

/ ycle 2" cycle 3" cycle 4" cycle 5" cycle
water being replaced by a fresh effluent sample. In Figure 1. COD, TOC, H,0, and
addition, desinfection of the effluent was also aromaticity conversions obtained after 24 h

achieved, the treated water revealing no toxicity in five CWPO runs performed with
against selected bacteria. consecutive reuse of the CoFe,0,/MGNC
catalyst, with pH 6 and T =80 °C

Conversion (%)

Acknowledgments

This work was supported by: Project POCI-01-45-FEDER-006984 — Associate Laboratory
LSRE-LCM funded by FEDER through COMPETE2020 - Programa Operacional Competitividade
e Internacionalizagdo (POCI) — and by national funds through FCT - Fundacdo para a Ciéncia e a
Tecnologia. R.S. Ribeiro and R.O. Rodrigues acknowledge the FCT individual Ph.D. grants
SFRH/BD/94177/2013 and SFRH/BD/97658/2013, respectively, with financing from FCT and the
European Social Fund (through POPH and QREN). A.M.T. Silva acknowledges the FCT
Investigator 2013 Programme (IF/01501/2013), with financing from the European Social Fund and
the Human Potential Operational Programme.

References
[1] R.S. Ribeiro, AM.T. Silva, P.B. Tavares, J.L. Figueiredo, J.L. Faria, H.T. Gomes, Catal.
Today 280 (2017) 184.

148



SPC I1-9

BIODEGRADABILITY ENHANCEMENT OF IONIC LIQUIDS BY CWPO IN AQUEOUS
PHASE

l. F. Mena?, E. Diaz®, C. C. Pérez-Farias®, 1. Moreno-Andrade®, J. J. Rodriguez?, A. F.
Mohedano®.

# Chemical Engineering, Autonoma University of Madrid, UAM, c/Francisco Tomas y Valiente, 7 (28049),
Madrid, Spain, (ismael.fernandez@uam.es)

® Lab Res Adv Proc Water Treatment, Inst Ingn, Unidad Acad Juriquilla, Univ Nacl Autonoma Mexico,
Queretaro, Mexico

Advanced oxidation processes can be considered as the most suitable treatments to remove lonic
Liquids (ILs) from wastewater, which are characteryzed by low vapor pressure, high solubility in
water and poor biodegradability [1]. Among the several AOP’s studied, catalytic wet peroxide
oxidation (CWPQO), which implies the generation of HO- radicals from catalytic H,O,
decomposition at acidic pH by means of iron catalyst immobilized in a support, has been
successfully applied for degradation of imidazolium-based ILs [2]. The objective of this work is to
study the feasibility of application of CWPO for the treatment of imidazolium ILs in water,
focusing on the influence of anion structure, reaction temperature and H,O, dose.

The ILs studied consisting of a cation, the 1-buthyl-3-methylimidazolium (Bmim), and three
different anions (chloride (CI), acetate (Ac) and bis(trifluoromethanesulfonyl)imide (NTf,)). The
CWPO runs were carried out in a stirred batch reactor (400 mL; 500 rpm) using an ILs
concentration of 1 mM and different H,O, dose (50-150 % of stoichiometric amount) and
temperatures (70-90 °C). The catalyst concentration (Fe/Al,O3 4 % Fe w/w) was established in 1
g-L* and the initial pH was adjusted to 3.0 with hydrochloric acid. The time-course of the reaction
was followed by means of quantification of the reaction compounds, TOC, H,0, and Fe leached
concentration. Additionally, biodegradability tests were done to the CWPO effluent.

As can be expected, an increase in the reaction temperature allowed a high oxidation rate of
Bmim, achieving their complete degradation at 120 min reaction time at 80 and 90 °C. No
significant changes were obtained in the Bmim degradation and H,O, decomposition, indicating
that the nature of the anion did not exert relevant influence on the course of CWPO reaction.
Moreover, the increase of the reaction temperature led to a higher H,O, conversion, which was
almost complete at 90 °C, with percentages of mineralization ranging from 7 to 40 %. In each
experiment, the iron leaching was lower than 5 %, therefore the homogeneous contribution to the
reaction can be considered practically negligible. In all the cases, the efficiency in the use of H,0,
(measure as mg of TOC conversion per mg H,O, converted) was independent on the H,0O, initial
concentration. Biodegradability tests to the final effluents of CWPO at 80 °C implied an aditional
TOC conversion around 35 % in the case of BmimCl and BmimAc and 25 % for BmimNTf;, being
the TOC conversion combining both treatments close to 50 and 45 %, respectively. Then, the
CWPO could be a efficient technique for ILs removal from water.
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lonic liquids (ILs) are compounds with interesting physical properties, as melting points below
100 °C, which are usually nonflammable and chemically stable [1]. Thus, ILs are often branded as
“environmentally friendly” and have been suggested as ideal replacements for volatile organic
solvents. However, due to its high ecotoxicity in water environments and low biodegradability,
some ionic liquids are very far away from displaying this green image [2]. Traditional biological
treatments have been discharged as an efficient technology for the removal of ionic liquids, being
advanced oxidation processes a good alternative in this respect [3]. The aim of this work is to
evaluate the removal of imidazolium based ionic liquids, 1-ethyl-3-methylimidazolium chloride
(EmimCI) and 1-hexyl-3-methylimidazolium chloride (HmimCl) using a homogeneous Fenton
process with different substoichiometric concentrations of H,O, and to establish a possible
degradation pathway.

Fenton process of EmimCl and HmimClI (1 g-L™) was performed in a stirred batch reactor (1 L,
70 °C, 1 atm, 700 rpm, pH 3) varying the concentration of H,O, from 20% to the stoichiometric
dose, maintaining the Fe**/H,0, ratio (1/10). Concentration of Emim and Hmim, TOC, COD,
BODs, H,0, and short-chain organic acids (acetic, formic, malonic, oxalic and fumaric acids) were
measured. The identification of oxidation by-products was performed by HPLC/MS based on m/z
ratio.

Complete removal of ILs was achieved using H,O, doses from 20% to stoichiometric dose for
Emim and from 40 to 100% of H,O, dose for Hmim, respectively. In this conditions, TOC
conversion ranged from 14.7 to 50.3% (Emim) and from 16.5 to 54.1 % (Hmim). BDOs/COD ratio
decreased as the concentration of H,O, was decreased. As the H,O, concentration was increased,
the percentage of carbon quantified as short-chain organic acids was higher, reaching values of 50%
and 35% in EmimCIl and HmimCl oxidation at the stoichiometric H,O, dose, respectively. The
remaining percentage of carbon was identified as unknown by-products. A possible degradation
pathway for Emim and Hmin was proposed. The first step of the oxidation process consisted in the
hydroxylation of the ionic liquid by the attack of the -OH radicals, followed by the ring-opening
and the formation of short-chain organic acids, which could be partially oxidized up to CO, and
H,0.
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Photo-Fenton process is efficient for micropollutant removal from secondary wastewater
treatment plant effluents, being a challenge to demonstrate its economic viability and to simplify its
operation. In this sense, working at neutral pH and the design of new reactors which take into
account the volume of water treated per unit area, such as raceway pond reactors, play a key role.
Recently, it has been proposed the use of chelating agents, such as oxalate, citrate and
ethylendiamine disuccinic acid (EDDS), which form a complex with ferric iron and allow to carry
out the process at circumneutral pH [1].

This work is focused on the study of the mechanism of action of the Fe(ll1)-EDDS complex in
the kinetics of micropollutant removal by solar photo-Fenton at neutral pH. For this purpose, the
first step was the selection of the main reactions involved in the process, through the study of the
photolysis of the complex, the effect of bicarbonates, the photolimitation and photosaturation of
reaction rate at different values of volumetric rate of photon absorption (VRPA), from 400 to 2000
uE/m®s, and the effect of molar ratio Fe:EDDS, 1:1 and 1:2, on the pesticide Acetamiprid removal
(ACTM), as a model pollutant, at 100 pg/L, using 0.1 mM of ferric iron and 1.47 mM of H,0,. To
avoid interferences, distilled water and synthetic secondary effluent were used as water matrices.
The assays were carried out in a perfectly mixed cylyndrical reactor of 5 cm of liquid depth. The
reactor was placed inside a solar simulator to keep the irradiance and temperature constant at 30
W/m? and 25 °C, respectively. After these experiments, 11 reactions were selected from a total of
20. Finally, the effects of the UV irradiance (10, 20, 30, 40 and 50 W/m?) and temperature (15, 25
and 35 °C) on the degradation of ACTM were studied at two liquid depths (5 and 15 cm). The
results are aimed at the development of a kinetic modeling to predict the treatment capacity in
raceway pond reactors at neutral pH.
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The potential negative effects of pesticides on human and environmental safety due to their
presence in aqueous compartments has motivated the recent inclusion of some of these chemicals in
the latest European laws regarding priority substances monitoring in the field of water policy (e.g.
Decision 2015/495/EU, Directive 2013/39/EU). Among these named priority pesticides, methiocarb
(MC), acetamiprid (ACMP) and dichlorvos (DV), three species belonging to different chemical
families, are of special interest. Besides being toxic, all three compounds are biologically
recalcitrant, thus presenting high resistance to conventional water and wastewater treatments. In the
particular case of MC, moreover, transformation products (TPs) even more toxic and persistent than
the parent compound can be generated. Despite all this, literature regarding the degradation of these
pesticides by advanced treatment options is still scarce. In this sense ozone-based processes, which
are increasingly employed in drinking and wastewater treatments to remove toxic and recalcitrant
substances, should be considered as treatment alternative for waters contaminated by these priority
pesticides.

In order to test the viability of ozonation applied to priority pesticides removal it is essential, in a
first step, the obtaining of kinetic, mechanistic and toxicological data of the process. This
information should throw light on the reactivity of the target compounds towards molecular ozone
(O3) and formed hydroxyl radicals (OH") attack, as well as to reveal the potential negative effects of
formed transformation products on environmental health and safety. Since this first approach need
to be performed in pure aqueous matrices to avoid the influence of additional factors, subsequent
experimental stages must be focused on studying the effect of complex water matrices on the
ozonation process, as well as on determining the most favourable conditions for its application in
terms of removal efficiency and economic costs.

In this work, the removal of MC, ACMP and DV by means of ozone-based processes was
studied by following the above introduced methodology. During the first experimentation stage,
entirely performed with ultrapure water, the reactivity of each pesticide with both, molecular ozone
and formed hydroxyl radicals is evaluated. In addition, the main formed TPs are elucidated and the
toxicity evolution during the process is assessed by means of bacteria luminescence inhibition
assays. During the second stage of the study, ozonation of MC, ACMP and DV is performed in real
water matrices. Different strategies aimed to improve the process efficiency are finally explored and
discussed.
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The conventional wastewater treatments are inefficient on target contaminants degradation, such
as parabens. Thus, these substances are being detected on natural resources [1]. Ozonation appears
as a good alternative for the removal of those refractory compounds. However, the low
mineralization achieved by single ozonation leads to potentially toxic by-products. This process can
be improved by using heterogenous catalysts [2]. In this study, a low cost material was used as
catalyst. Thus, a kind of volcanic rock was collected from Sdo Miguel (Azores). The efficiency of a
water treatment process must bear in mind not only chemical parameters but also its impact over the
toxic features of the effluent. Thus, the toxicity of the tested mixture was assessed before and after
treatment, using a wide range of species such as Vibrio fischeri, Corbicula fluminea and Lepidium
sativum. Moreover, the neuronal impact was determined using Wistar rats brain cells.

A mixture of 5 parabens (10 mg/L each) was tested. The experiments were carried out in a 2-L
glass reactor. The ozone concentration entering and leaving the reactor was measured by gas ozone
analysers, with gas flow rate of 0.2 L/min. The results were expressed as a function of transferred

ozone dose (TOD). The parabens
concentration along reaction was determined
whogy ~4 0, Rock itGum B3 g/L by HPLC. As an example, Fig.1 shows that

-+ 10, + Rock <105um 1g/L

R -+ 0, + Rock <100um 026 g /L. the presence of volcanic rock reduces the

LN -2~ O, + Rock 500-250 um 0.5 g/ L ) ”

by £ O+ Rock 500.250 ym 1 9./ L amount of ozone required for removing the

[ Qe nessomowmezssit target  compounds  independently  of  the
particle size used. Morever, within the range

0.25 — 1 g/L the catalyst load shows low

impact over the process performance.

Table 1.: COD abatement for TOD maximum
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Figure 1.: Parabens removal as function of TOD O4/<105um 48 35

lg/L

The best results in terms of parabens degradation and COD [ 0,/<105um

removal (Table 1) was obtained using 0.5 g/L of volcanic rock. | 0.25g/L 52 30

In this case, total degradation of parabens was achieved for a | Os/500-250um 53 27

TOD of 52 mg/L correspoding to a COD removal of 40%. | %59/L

Moreover, toxicity decrease was verified for all the species 05/500-250um

1g/L 43 28

tested. The impact of the operating variables was assessed for |~o./500-250,m
this process and the best conditions were validated using a real | 0.25q/L 4 23

effluent. Moreover, the catalyst before and after use was
deeply characterized. These results point out the potential of this low cost material to enhance ozone
action aiming wastewater reclamation.
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Seger and Kamat were the first to present the idea of a two-compartment ‘reverse fuel cell‘, or
photo-electrochemical (PEC) cell [1]. After illumination, photo-oxidation reactions take place at the
photo-anode using the light-generated holes. Photogenerated electrons are externally by-passed to
the cathode where they are used to reduce protons transmitted through the membrane to form
hydrogen gas. Initially, the PEC cell has only been used in liquid phase, however, recently it has
also been implemented for gaseous streams containing water vapor [2]. In the present work the
concept of an all-gas-phase photo-electrochemical cell running solely on light and organic
contaminated air is presented. Without applying any external bias organic contaminants are
degraded and simultaneously hydrogen gas is produced in a separate compartment. As we aim to
drive the cell on air contaminated with organic pollutants, the effect of oxygen on cell performance
and on the photocatalytic reaction pathway is investigated [3]. With this study we want to show new
application opportunities of PEC cells and stimulate further improvements toward realistic photo-
electrochemical waste gas after treatment with the additional advantage of energy recovery.
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Introduction

Over the last decades, the increased amount of pharmaceuticals production and consumption has
represented an impact on environmental and human health. Examples of poorly biodegradable and
highly consumed compounds with potential adverse effects on environment are carbamazepine
(CBZ), propranolol (PRO) and sulfamethoxazole (SMX) [1]. Hence, it is important to develop
efficient technology to remove simultaneously those pollutants from aquatic environment. These
compounds can be degraded by means of Advanced Oxidation Processes (AOPs). AOPs are
characterized by similar chemical feature of using highly reactive oxidizing agent such as hydroxyl
radical (*OH) with redox potential (E°) of 2.80 eV. Among the different AOPs, electrochemical
oxidation is an interesting option due to the «green» aspect of using electricity, its flexibility and its
capacity to react with the pollutants until their mineralization [2]. Furthermore, dissolved oxygen in
solution can react at electrodes to produce reactive oxygen species (ROS) and increase the
performance of the process. The present investigation was conducted to study the simultaneous
degradation of SMX, PRO and CBZ by electrochemical oxidation using Nb/BDD anode and Ti
cathode. The effects of treatment time, current intensity, pH and addition of pure oxygen into the
solution on the compounds degradation were evaluated by means of response surface methodology
based on central composite design matrix. Once the parameters were optimized, the effect of the
supporting electrolyte (SO,*, CI and Br), kinetic studies, acute toxicity tests and identification of
by-products were assessed.

Results

The testes performed in accordance with the factorial design indicated that treatment time,
current intensity and oxygen over saturated solution condition were the preponderant factors for the
degradation of the three compounds. The optimim conditions were 90 min, 2.5 A, pH = 4 with
injection of oxygen. The greatest kinetic coefficient was obtained with Br- (0.63, 0.33 and 0.38 min
! for SMX, PRO and CBZ, respectively) and CI" (0.53, 0.23 and 0.068 min™, for SMX, PRO and
CBZ, respectively) followed by SO.* (0.02, 0.25 and 0.02 min-!, for SMX, PRO and CBZ,
respectively). The bioluminescence inhibition of Vibrio fischeri increased in the first minutes of
reaction and after it decrease, probably due to the formation and subsequent degradation of by-
products. Intermediates identified by GC/MS demonstrate ring cleavage of parent compounds and
its subsequent transformation until short-chain compounds.

Conclusions

A complete simultaneous degradation of SMX, PRO and CBZ was successfully achieved by
electrooxidation process. Current intensity, treatment time and injection of pure oxygen greatly
influenced the effectiveness of process. Tranformation (hydroxylation, deamination, and
halogenation) and bond rupture were the two main degradation mechanisms to produce less
molecular weight compounds and their further mineralization.
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Electro-Fenton (EF) has emerged as one of the most popular electrochemical advanced oxidation
processes, allowing high organic pollutant mineralization rates, negligible sludge production and
facile operation. The electrode material is the vital factor controlling the electro-(re)generation of
the Fenton’s reagent (H,O, and Fe®"), which in turn determines the effectiveness of the process.
Tremendous efforts have been devoted to the development of cost-effective electrode materials.
Recently, graphene has garnered a lot of attention due to its high specific surface area and
exceptional electronic and thermal conductivities [1]. In a previous study, we have shown the
potential of pristine graphene as cathode material for EF [2]. However, due to the size limitation
and weak mechanical strength of pristine graphene, it is more practical to coat graphene on a
substrate and we have developed an ink-coating method that resulted in 50% higher mineralization
yield with a carbon cloth substrate [3]. Yet, the improvement was ephemeral, resulting in a 20%
deterioration after 5 cycles, and thus there is a need to increase the longevity of the coating.

In this study, a new thermal coating method was developed and its performance for EF was
evaluated. For this purpose, carbon fibers were used as a subtrate, immersed in a graphene oxide
(GO) suspension, dried and reduced at 750 °C to produce reduced graphene oxide (rGO)-fibers. Fig.
1 displays well-attached layers of rGO on the surface of the carbon fibers.
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Figure 1.: Scanning electron micrographs of (a) uncoated fibers (x2000); (b) rGO-fibers (x2000) and; (c)
rGO-fibers (x12,000) 220 205 205 205 203 206
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The maximum H,O, concentration generated by the = **°
rGO-fiber cathode averaged 205 mg/L, 20% higher than =z 100
with raw fibers (Fig. 2). Moreover, the performance ¢ s
remained stable over 5 cycles, solving the issue of the ink- § 0
coating method mentioned above [3]. In conclusion, these raw  1st 2nd 3rd 4th  Sth

results demonstrate the potential of this novel thermal fiber Cycles

coating method, bringing the EF technology closer to

practical applications. The detailed performance of the EF g, re 2. Comparison between raw
system using the novel electrode will be discussed in the fiper vs rGO-fiber for H,0,

full presentation along with a technical economic assessment.
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Water is one of the most precious natural resources in the planet. However, with the increase in
population and industrial growth, large amounts of wastewater are produced. The increasing
concentrations of highly recalcitrant and bio-toxic organic pollutants in these wastewaters renders
infeasible the traditional treatment options. Catalytic wet oxidation (CWO) is one of the solutions to
remove these organic contaminants from industrial wastewaters [1].

In this work, multi-walled carbon nanotubes (MWCNTS) were treated by ball milling, with and
without a nitrogen precursor (melamine, to introduce nitrogen functionalities). CWO experiments
for the degradation of phenol were performed in both batch and continuous mode. The influence of
the reaction temperature, the dissolved oxygen concentration and the initial phenol concentration
was evaluated in both operation modes for the most active catalyst. Temperature was the most
influential parameter, an optimal temperature of 160 °C being determined. Higher initial phenol
concentrations improved the efficiency of the process, especially in terms of the total organic

carbon (TOC) removal. 10
The incorporation of N-groups improved the catalytic activity —,
of MWCNTSs for phenol removal in both operation modes. For 4 Original carbon nanotubes

54
>

O - N-doped carbon nanotubes

instance, complete phenol degradation and 50% of TOC removal

[PhY[Phlg

were achieved with the N-doped catalyst in batch mode, against & oa{ . NV S
68% and 50%, respectively, with the undoped sample at the same | * .
conditions (after 2 h, at 160 °C and 6 bar of oxygen partial A o

pressure). In the continuous mode reactor, an experiment with an ~ **s"" 2 40 6 80
initial phenol concentration of 500 mg L™ was performed at 160 Figure 7 CcWo  of

°C and 12 bar of oxygen partial pressure. A phenol conversion of  phangl in continuous mode.
80% and TOC removal of 50% were achieved, at the steady state,

over the N-doped catalyst (Figure 1). Several regeneration attempts were investigated for the N-
doped catalyst, a significant regeneration being achieved by thermal treatment at 600 °C under
nitrogen atmosphere.
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The presence of emerging pollutants (EP) in aquatic systems is a priority research topic in the
world. In this context, the Electrochemical Advanced Oxidation Process EAOP has demonstrated to
be a successful methodology in water treatment containing such pollutants. EAOPs, are based in the
production of «OH radical a powerful oxidant that attack un-selectively the organic molecules until
complete mineralization[1]. Antibiotics are one of the main EP in water wich are related with
different environmental effects. Sulfamethoxazole (SMX) has been detected in groundwater and
effluents of wastewater treatment plants WTP [2], and is one of the main causes of resistance of
pathogenic bacteria [3]. In this work was investigated the sulfamethoxazole degradation and
mineralization by means of the solar photo electro-Fenton process in a pilot plant.

The process was carried out in a flow plant consisting of an electrochemical Filter-press cell and
a solar CPC reactor containing 20 L of an aqueous solution of sulfamethoxazole (50mg L™). The
antibiotic degradation was conducted at different operational conditions varying temperature,
volumetric flux and current density. Response surface methodology (RSM) was employed to
optimize the process parameters using the statistical Box-Behnken design. The decay of SMX
concentration was measured using HPLC technique in reversed phase mode, and the mineralization
degree was followed by TOC measurements. The preliminary results showed that the mineralization
percentage and the rate constant increase when the higher levels of temperature (45°C), current
density (47 mA cm™) and volumetric flux (571 L h™) were applied achievieng 100% of SMX
degradation and 80% of TOC removal.
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The disinfection of wastewater is an excellent strategy to preserve the environment, as it protects
the receiving bodies of pathogenic microorganisms and enables the use of treated effluent as a
source of water for reuse. The variation in reactivity and composition of the effluent can delay the
inactivation of microorganisms due to the presence of competing reactive material to react with
oxidants. In recent years, advanced oxidation processes have gained a lot of space in wastewater
treatment due to the high potency of the radicals involved in the treatment, however, the variation in
composition and reactivity of the effluent can affect the treatment. Although, it is still not clear
how organic and inorganic compounds may affect the process. The objective of this work was to
verify the efficiency of UV/H,0O; treatment to disinfect municipal effluents as well as to assess the
toxicity variation along the treatment time, when it is submitted to doses of increasing metals and
chemical compounds of industrial origin. Initial results demonstrate that UV/H,0O, treatment was
able to remove E. Coli in the first minutes of UV/H,0, treatment. After addition of chemical
compounds of industrial origin and metals, UV/H,0, treatment had its capacity of inactivation of E.
coli impaired. Chemical compounds of industrial origin were the main inhibitor of disinfection and
low concentration of metals acted as catalysts of disinfection. Preliminary tests demonstrated that
UV/H,0, treatment was unable to reduce the toxicity of urban wastewater when it was in the
presence of high doses of metals and chemical compounds of industrial origin. This interfered with
the complete disinfection of wastewater.
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Effluents of wastewater treatment plants (WWTPs) contain potentially pathogenic
microorganisms such as, virus, protozoa and bacteria (Escherichia coli, Enterococcus sp.,
Pseudomonas sp., Staphylococcus aureus, Clostridium perfringens, Shigella sp. ...), which are
considered a sanitary and environmental risk [1], [2] and should be removed for their reused.

The aim of this research work is to analyse the disinfection efficiency by a photocatalytic
treatment with a commercial nano-TiO, suspension and UVA/Vis on the inactivation of the bacteria
Enterococcus spp., E. coli, Pseudomonas spp and Staphylococcus spp. in different real urban
treated wastewater. The selected bacteria are indicator bacteria of environmental or faecal pollution
[3].

The photocatalytic treatment is carried out in a solar chamber (Atlas Suntest CPS+ model) using
a wavelength range from 320 to 800 nm (UVA/Vis). The used catalyst is a nano-TiO, suspension

(Levenger®) which might be easily separated by decantation [4]. The influence of some variables is
evaluated on disinfection: sample matrix (real urban treated effluents and bacterial
suspension(0,9%NaCl)), temperature (10+£3-33+£3°C), treatment time (0-120 min) and intensity
radiation (250-750W/m?). In addition, control experiments are carried out without TiO, (photolysis)
and without UVA as a dark control. Furthermore, after UVA/TiO, treatment, regrowth of bacteria
are studied.

The UVA/Vis photocatalytic treatment with this nano-TiO, suspension is able to inactivate the
analysed bacteria and could be a good alternative to treat WWTP effluents achieving a maximum
inactivation from 2.5 to 4.5 log in fuction of bacteria.

The matrix variable has a very significant effect, the disinfection efficiency depends on the
composition of the real urban treated effluent; achieving an inactivation of 2-4 log of E.coli, 0.5-4.5
log of Enterococcus spp., 0.5-2.5 log of Pseudomonas spp. and 0.2-2.5 log of Staphylococcus spp.
in 60 minutes by a 1 g/l TiO, and 500 W/m? treatments in different real wastewaters. As it expected,
the best disinfection results are obtained when the treatment is applied to bacterial suspension
samples, the cleanest sample. Increase of UVA dose (W-h/m?) and temperature improve the
disinfection efficiency. Furthermore, no regrowth was observed within the following 72 hours.
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The ballast water is a dead weight used by the ships to have stability in their journeys. This
transport fetches and sends aliens species from one country to another. Colombia is a country that
possess plenty of biodiversity which can be affected by losing the native species or have health
problems due to the alien species and pathogens transported.

Since September in 2017 it will be mandatory by the International Maritime Organization(IMO)
to manage the ballast water. Consequently, the addition of TiO, or H,O, to UV have shown better
results in ballast water treatment in previous studies by increasing the hydroxyl radicals. Several
advanced oxidation processes (AOPs) were used taking into consideration: UV/H;0,, UV/TIO,,
UV/TiOy/H,0,, UVITiIO,/H,0,, and were compared with the natural sun radiation (SRAD), UV
alone and the disinfectant H,O..

In the pilot-scale study, the disinfection capacity was measured in natural field water pumped
from a beach in a port zone of Colombia (Santa Marta). More importantly, the test was carried out
by examining the abundance of viable organisms whose size was bigger than 50 um, organisms
between 10 and 50 pm and the pathogens: E. coli, Enterococcus and Vibrio sp. The mortality
populations were measured.

The AOP showed difference in its effectiveness according to the tested organisms. The species
bigger than 50 pm were the most resistant. As for the microorganism, they were evaluated different
bacterial decay models and compared, founding that the models log lineal and log lineal tail were
adjusted for most of AOPs in E. coli. For Vibrio, the models were Log-Lineal Cola and biphasic
and for Enterococcus was only the biphasic model common for two AOPs.

Some of the AOPs reached up to 99.99-100 % of disinfection for Enterococcus and Vibrio, and
for E. coli was reached the levels required by the IMO. In general, the natural water taken from sea
water in Santa Marta can be used for test of microorganism because the high abundance of E. coli
and Vibrio, but for the organism greater than 10 um the populations must be increased. After the
treatment with UV/TiO,/H,0, the parameter of the IMO (D2) were reached except by the organism
greater than 50 um, therefore the latter must be removed first by a previous stage like physic filter,
hydrocyclone or cavitation.
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This work evaluates the effect of the illumination mechanism and light source on heterogeneous
TiO, photocatalysis using a micro-meso-structured photoreactor in the decontamination of gas
streams containing n-decane as a model volatile organic compound (VOC).

The design of the photocatalytic reactor plays an important role in its photocatalytic
performance, regarding the mass transfer and photon transfer limitations. The reactor used in this
work, NETmix [1], consists of a series of chambers interconnected by channels mechanically
engraved in either acrylic or stainless steel slab. The network of chambers and channels is sealed
with a borosilicate slab with high UV transparency, allowing a good light penetration through the
entire reactor depth.

Initially, tests were performed using the borosilicate slab coated with a thin layer of TiO,—P25 in
one side, by a spray method, allowing a homogeneous spatial illumination over the catalyst surface
(back-side illumination - BSI). The catalyst thin film was in contact with the gas stream flowing
inside the network of chambers and chanells. The ligh source was provided by 1700W air-cooled
Xenon arc lamp simulating the solar spectrum 300 < A < 800 nm, leading to an UV irradiance of
38.4 W m™ and a photonic flux of 0.18 J s™. The photocatalytic reaction rate, r, was optimized
under different experimental conditions: mass of catalyst coated in the borosilicate slab (mTiO, —
25 to 100 mg), n-decane feed concentration (Cgecfeed — 3.2%x107 to 9.7x10° mol m™) and total flow
rate (Quotal — 70 to 330 cm® min™), using a relative humidity of 30 %.

Under optimized conditions (Cgecfeed = 6.6X10™ mol m™, Qo = 280 cm® min™), the front-side
illumination (FSI) mechanism was assessed, by coating the channels and chambers, engraved on a
stainless steel slab, with a TiO; thin film, instead of the borosilicate slab. The FSI mechanism (r =
1.4 pmol min™) provided a 140% increase in reaction rate when compared with the BSI (r = 1.0
umol min™*). The photocatalytic efficiency was also assessed using as illumination source an array
of UVA LEDs (9 LEDs, 270 mW, Anax = 365 nm) positioned above the borosilicate slab, providing
a photonic flux of 0.23 J s™*. Under the same experimental conditions, reported above, the reaction
rates were 1.6 and 1.8 pmol min™ for back and front-side illumination mechanism, respectively.
Using UVA LED:s as illumination source provides a 160% and 129% increase on the reaction rates
when compared to the use of simulated solar light, rengectiver for BSI and FSI.

The maximum photocatalytic reactivity was 1.4x10™ molgecane M iuminated reactor volume S+ and 6.0
MOlh-decane M illuminated reactor volume KJ, Which means a 42.4 fold increase in comparison with an
annular photoreactor.
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Although, titanium dioxide (TiO,) has been widely used as an environmental photocatalyst for
degrading volatile organic compounds (VOCs), TiO, suffers from the catalyst deactivation which is
induced by the accumulation of recalcitrant carbonaceous deposits as a result of incomplete
degradation of VOCs. In our recent results, it was demonstrated that TiO, nanotubes facilitate the
diffusion of oxygen molecules to the active sites and exhibit a higher resistance of the catalyst
deactivation in comparison with the TiO, nanoparticle film [1, 2]. In this study, we prepared TiO,
film modified with Pt (noble metal) and fluoride (anion adsorbate) for the degradation of gaseous
toluene during multiple cycles to test the durability of surface modified TiO, films (Pt/TiO,, F-
TiO,, and F-TiO,/Pt). Though Pt/TiO, showed enhanced photocatalytic degradation activity of
toluene than TiO,, Pt/TiO, exhibited rapid deactivation during repeated photocatalytic degradation
cycles. Unlike Pt/TiO,, F-TiO, did not show significant deactivation during five cycles of toluene
degradation. However, the photocatalytic activity decreased after surface fluorination. The F-
TiO,/Pt film showed higher photocatalytic activity and durability on gaseous toluene degradation
than any of Pt/TiO,, F-TiO,, and bare TiO,. The surface fluorination that should replace the surface
hydroxyl groups on TiO, favors the formation of mobile OH radicals instead of surface-bound OH
radicals while the surface platinization enhances the electron transfer with retarding the charge
recombination. Through the degradation experiment of stearic acid coated film separated to
photocatalysts film with small gap (50 microns), It was observed that F-TiO,/Pt film generated
higher amount of unbounded OH radicals than any of Pt/TiO,, F-TiO,, and bare TiO,. Remote
photocatalytic oxidation induced mobile OH radicals reduced the deposition of carbonaceous
intermediates on the photocatalyst surface and increased the mineralization efficiency of VOCs,
which consequently increased the durability of photocatalyst on VOC degradation.
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With human civilization development in our environment appear chemical compounds called
micro-pollutants. Some of these micro-pollutants are not biodegradable and when they end up in the
environment they undergo accumulation. Due to of increasing problem of micro-pollutants new
methods to effectively remove them from water resources are searched.

The current methods are mainly based on mechanical and biological treatment with chemical
support. New method of water treatment should be relatively inexpensive, easy to use without
sophisticated equipment and advanced knowledge of how to use it. Hardly degradable contaminants
can be removing from water by Fenton process [1] or Advanced Oxidation Processes (AOPs) [2].
The high costs of use of these processes and their limited application cause that they are not widely
used. An interesting alternative to AOPs seems to be photosensitising oxidation process.
Photosensitization process allows to remove wide spectrum of micro-pollutants. This process
occurs via photochemical oxidation especially using molecular oxygen. The advantages of
photosensitising oxidation process is that the singlet oxygen can be generated from air oxygen by
solar radiation. The aim of this work was to verify the possibility of using the photosensibilisation
process to decompose chemical compounds from a variety of industries by comparing the reaction
constants of the process and of the singlet oxygen decay.

This report presents results of photosensitising oxidation process of twelve compounds in
heterogeneous system in particular as the lifetimes of singlet oxygen in various solvents. The
reaction rate constants of photosensitized oxidation as well as the singlet oxygen quenching
constants by the selected compounds were determined. The results of an investigation of
photodegradation of the phenol, 2-chlorophenol, 2,4-dichlorophenol, 4-chlorobenzoic acid,
methylparaben, benzylparaben, p-hydroxybenzoic acid, 3,4-dihydrobenzoic acid, 2-phenylphenol,
dibutyl phtalate, diclofenac and sulfamethoxazole are presented herein. The processes was
conducted under with visible light in aerated aqueous solutions. The study was carried out in a
semi-continuous system in a photoreactor of the volume 0.6 dm®. The reactor was positioned under
the high pressure sodium lamp (Lumatek 600W), simulating solar radiation. The reaction mixtures
were prepared in buffer solutions at pH 9. The reaction mixtures were agitated by oxygen stream.
Aluminum(I11) Phthalocyanine Chloride Tetrasulfonic Acid (AIPcS,) used as a photosensitizer was
immobilized on chitosan beads. More details of the experimental set-up and methods can be found
elsewhere [3]. The determination of singlet oxygen lifetime was done by means of fluorescence
lifetime spectrometer (FluoTime 200, PicoQuant). The experiments were performed in water,
acetone and in buffer solution at pH 9.

The results confirmed the possibility of degradation of many of the compounds by
photosensitising oxidation process. The differences in life time of singlet oxygen in various
solutions were shown.
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There have been rising concerns about micro-pollutants that are not efficiently removed by
conventional wastewater treatment plants. These micro-pollutants can pose hazards whether the
treated wastewater effluent is disposed to surface water or reused in irrigation. Titanium dioxide
(TiO,) photocatalysis is one of the most promising technologies, rapidly growing worldwide for
removal of persistent non-biodegradable emerging water pollutants, depending on the generation of
strong unselective hydroxyl radicals. The major obstacle hindering the widespread of TiO,
photocatalytic treatment is the use of fine TiO, particles in suspension that requires costly post
separation of the catalyst from the effluent to avoid catalyst loss as well as water contamination
with TiO, particles. Despite the extensive research on numerous lab scale reactor configurations,
the scale up to industrial scale and commercialization of TiO, photocatalysis treatment systems is
still very limited.

A tray photocatalytic reactor based on using supported TiO, as a photocatalyst for municipal
wastewater tertiary treatment is designed and constructed. The reactor is based on maintaining a
thin water film over TiO, supported on sand grains. A simple room temperature sol gel technique
adapted to large scale production is used for TiO, immobilization on sand. Reactor performance for
degradation of phenol as a model compound was evaluated in the slurry mode using aeroxide P25
and supported mode using the lab synthesized photocatalyst.

The recirculating tray configuration meets all the photocatalytic process requirements viz.
photocatalyst activation, turbulent flow for efficient mass transfer and avoiding treatment dead
zones, and continuous water oxygenation. The reactor performance using the supported sand was
satisfactory in terms of degradation efficiency and reactor throughput. The water turbidity remained
unchanged throughout the treatment indicating photocatalyst resistance to abrasion avoiding TiO;
loss as well as water secondary contamination with TiO, nanoparticles. The tray reactor is suitable
for scale-up and commercialization due to four distinct features that are: 1) modular design; 2) an
integrated storage; 3) easily operated in a continuous mode; 4) does not include any UV
transmitting walls or components that suffer from optical losses, and pose limitations on reactor
size.
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Cork oak (Quercus suber L.) is one of the most important forest types in Mediterranean
countries, such as Spain and Portugal. Cork stoppers are the main product and one of the key
processing steps in their manufacture is the boiling of cork in water, generating large volumes of
Cork Boliled Wastewater (CBW). Due to the high organic load and toxicity, CBW cannot be
discharge directly into a municipal sewage.

This work presents a treatment line strategy based on the combination of physicochemical
technologies and advanced oxidation processes with the use of new analytical estrategies to
characterize the chemical content before, during and after the treatment line. The final objective is
to treat and reuse CBW in the own cork boiling process and to reduce the fresh water consumption
in the industrial application.

For the characterization of the chemical content and for the analysisof the contaminants present
in this type of industrial wastewater, liquid cromatography (LC) and high-resolution mass
spectrometry (HRMS) were employed. The chromatographic separation was performed with two
different column chemistries (C-18 and HILIC) to allow for the simultaneous detection of non-polar
and very-polar organic substances. Previous to the LC analysis, different sample extraction
procedures (LLE and SPE) were applied to obtain fractions with different polarities that could
represent better the effects within the matrix.

An untargeted LC-HRMS-based metabolomics approach was used to identify those process steps
that have the largest impact on the overall treatment line. This multifaceted approach has shown that
each process provokes specific alterations in the matrix.

Therefore, the application of different extraction procedures, LC-HRMS and toxicity analysis,
and the metabolomics approach to a proposed treatment line, proved to be useful for reuse and
recycle purposes of this industrial wastewater.
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The continuous exposure and persistence of antiobiotics in different environmental
compartments as well as the insufficient removal of such compounds by the conventional water and
wastewater treatment technologies contribute to their consideration as emerging (micro)pollutants.
Thus, as an important environmental concern, appropriate water purification technique should be
developed to remove antibiotics in environmental and industrial agueous matrices. Among others,
amoxicillin (AMX) is a beta-lactam class antiobiotic widely used in human and veterinary medicine
[1].

In the current study, AMX was degraded by UVC- and Fe?*-activated S,0¢” processes in various
aqueous matrices. The influence of oxidant and ferrous iron concentrations, pH value and water
matrix (ultrapure water, groundwater, drinking water, secondary effluent) was assessed. The
efficacies of the treatment were evaluated and compared by the decrease in AMX concentration and
TOC content. The obtained results indicated that all the UVC-induced treatment systems proved to
follow pseudo-first reaction kinetics. The use of UVC photolysis was not completely able to remove
AMX from ultrapure water in 2 h. The addition of oxidant (UVC/S,0s” oxidation) proved to
decrease the AMX degradation time to some extent. Moreover, the application of UVC/S,0¢*/Fe”*
system at different AMX/S,05°/Fe?* molar ratios considerably enhanced the target compound
degradation time and mineralization extent in ultrapure water. AMX removal was greatly
influenced by the type of aqueous media. The pH value had significant impact to AMX degradation
in all matrices except ultrapure water referring to buffering properties of real water matrices.

The results of this research could provide important data for the removal of beta-lactam
antibiotics from different environmental matrices and industrial effluents.
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Chlorine is a strong oxidizing agent and it has been widely used for the disinfection of drinking
water, swimming pools and wastewater. [1] Among reactive chlorine species, active chlorine such
as HOCI and OCI" were most important species for water treatment. For the generation of active
chlorine in photoelectrochemical (PEC) system, tungsten trioxide (WO3) thin film electrode was
used because WO3; has been investigated as one of the most promising materials for visible light
absorption and sustainable materials as a photoanode. [2]

The generation of active chlorine on WQOj3 thin film electrode was conducted in visible light
irradiation (A > 420 nm) and potential bias at 0.7 Vype. In addition, to optimizing production of
active chlorine on the PEC condition, all parameters which influenced the generation of active
chlorine such as pH, applied potential, initial concentration of chlorine, and length of WOj3 thin film
electrode were considered.

Degradations of organic substrates using active chlorine on WOg3 thin film electrode were
compared with electrochemical (EC), photocatalytic (PC), and PEC conditions (potential bias: 0.7
VnHE; A > 420 nm). The degradations of 4-chlorophenol (4-CP), humic acid (HA), and fulvic acid
(FA) were remarkably enhanced using active chlorine in PEC condition, whereas the activities of
PC and EC conditions were negligible. Because, the activities of the WOj3 thin film electrode were
hindered by a diffusion limitation across the catalyst layers in the PC condition and the potential
bias of 0.7 Vnyne did not occur any significant activities in the EC condition. Therefore, only the
PEC condition could generate active chlorine on WQO3 thin film electrode.

For PEC condition, in the absence of chlorine, main working oxidant was surface hydroxyl
radical as confirmed by coumarin solution. However, in the presence of chlorine, the pseudo-first-
order rate constant of 4-CP degradation was more than double from the absence of chlorine. In
addition, surface hydroxyl radical could not be generated in the presence of chlorine because
chlorine reacts as a hole scavenger and then retards for hydroxyl radical generation. Nevertheless,
the degradation efficiency of 4-CP was enhanced in the presence of chlorine which means that
active chlorine was main oxidant for degradation of organic substance.
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The chemical methods are most commonly used in agliculture for weeds and pests control.
However, most of these compounds are harmful for the environment. It is still looking for the better
solutions. One of them is Herbicidal lonic Ligiuds (HILs), which are the new generation of ionic
liquids with incorporated bio-active anion, as herbicid: MCPA, 2,4-D, MCPP, Dicamba or the both
cation and anion can demonstrated the biological activation. They are characterized by neglectible
volatability, high thermal and chemical stability. Moreover, it is ,,designer compounds®, which can
obtain the desirable properties depend on applied cations and anions [1-3] .

On the other hand, these compounds are not exhibit the high toxicity but are ,hardly*
biodegradable by various bacterial consortia, including the activeted sludge — the most commonly
used for wastewater purification [4]. In this case, it seems resonable applied the Advanced
Oxidation Processes — AOPs as pretreatment before the biological metods for remove these
compounds from aqueous systems.

The aim of our studies was applied the electrochemical oxidation processes: electrochemical
oxidation on carbon felt electrode and electro-Fenton process to initial degaradion of selected HILs
with quaternium ammonium cation before the biological methods. It was evaluated efficiency of
these pre-treatment by changes of COD and TOC. It also determineted the effect of electrochemical
pre-treatment on biodegradation of model HILs solution by activated sludge.
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Hospital wastewaters represent one of the main sources of emerging pollutants to the
environment. These complex aqueous streams are loaded with a huge number of pharmaceuticals
and other chemicals such as disinfectants and detergents at relatively high concentrations [1].
Despite this fact, they are usually discharged into the municipal sewer systems and thus, they are
actually co-treated with domestic effluents in urban wastewater treatment plants. Given the
ineffectiveness of the latter for the removal of those hazardous pollutants [2], segregation and
special treatment of specific hospital effluents such as those generated in the treatment of specific
diseases, clinical analysis laboratories and laundries, is required in order to protect the environment.
Herein, we explore different strategies for the treatment of a real hospital wastewater, namely
adsorption, intensified Fenton oxidation and biological degradation.

The hospital wastewater for this study showed the typical values for this kind of effluent [2] such
as an alkaline pH (8.6), a moderate organic load ([COD], = 365 mg L™; [TOC]o = 110 mg L™), and
low ecotoxiciy values (4.8 TUs). Several commercial carbon materials (granular F-400 activated
carbon, multiwalled carbon nanotubes and carbon nanofibers) and carbonaceous adsorbents
synthesized via chemical activation using lignocellulosic materials as precursors (peach stones and
rice husk) were tested in batch adsorption experiments [3]. Relatively high TOC reduction
percentages were observed for all the studied materials, reaching the best result (69%) using a dose
of rice husk-activated carbon of 2 g/L. Accordingly, the amount of aromatic and unsaturated
compounds (Azssnm) Was reduced up to 95%. In the case of Fenton oxidation, an intensification of
the process by increasing the temperature was required to achieve acceptable degrees of
mineralization. This approach would allow taking advantage of the heat energy contained in the
laundry stream since washing procedures imply the use of high temperature to assure disinfection of
the hospital textiles [4]. Operating at 90 °C, complete disappearance of phenolic compounds and
50% TOC reduction were reached in 1 h reaction time using the stoichiometric dose of H,O, (1000
mg L) and a relatively low iron concentration (25 mg L™ Fe®*). Non-toxic and biodegradable
short-chain organic acids were obtained as final reaction products. Finally, a biological system
based on Trametes Versicolor as white-rot fungi (WRF) was also evaluated. Experiments were
carried out in batch suspended growth reactors inoculating mycelial fungal pellets non-previously
acclimated (0.2 g/L of SSV). Results of decrease of soluble COD up to 38% were achieved after 4
days. The oxidative biological removal of non-biodegradable pharmaceuticals by extracellular
laccase and MnP enzymes and intracellular cytochrome P450 system has been previously proven
[5]. The biological performance of acclimated mycelial pellets is currently undergoing.
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Granular activated carbon (GAC) supported ZnO catalyst (ZnO-GAC) was prepared to activate
persulfate (PS) for the decolorization of Acid Orange 7 (AQO7) in the presence of ultrasonic
irradiation (US). The effects of initial pH, PS concentration, catalyst dosage, initial dye
concentration, and reaction temperature were investigated. The results showed that the
decolorization effect of AO7 was achieved to 91.2% in the US/ZnO-GAC/PS process.The transient
cavitation caused by US enhanced the continuous cleaning of catalyst surface [1,2,3] and lead to
turbulent flow conditions accelerating the overall mass transport of reactants and byproducts
between the liquid phase and the catalyst surface [4]. In the meanwhile, ultrasound enhanced AO7
decolorization may be attributed to the “sonoluminescence” mechanisms [5,6], which result in the
production of ‘OH eventually. The decolorization efficiency increased with the increase of catalyst
dosage and temperature, but decreased with the increase of initial dye concentration and initial pH,
and the optimal PS concentration for color removal was 0.5 g L™. The Zn leaching during the
US/ZnO-GAC/PS process was determined and the decolorization was mainly attributed to the
heterogeneous reaction. Under the optimal conditions, 83.1% of TOC was removed after 60 min
treatment, which is in accord with the results of UV-vis spectra.
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Light-assisted heterogeneous activation of persulfate by semiconducting photocatalysts has been
widely employed as a promising strategy for organic pollutant remediation. 2 Although TiO, is
universally considered as the most active photocatalyst, ZnO can also be an effective catalyst and a
suitable alternative to TiO, due to its lower cost, band gap energy (3.2 eV) similar to TiO, and easy
to be prepared.**

Therefore, this study explores the effect of Reactive Black 5 (RB5) degradation by zinc oxide
loaded GAC (ZnO-GAC) for the activation of peroxymonosulfate (Oxone, PMS) under ultraviolet
(UV) radiation. Batch experiments were carried out to evaluate the influence of different parameters
on RB5 decolorization and the optimal operational conditions of process were investigatedin
UV/ZnO-GAC/PMS system. RB5 removal declined with the increase of RB5 concentration and pH,
while increased with the raise of peroxymonosulfate and catalyst dosage as well as the reaction
temperature. The reaction followed first-order kinetic model and the activation energy was low to
16.15 KJ/mol. Also active radicals that contributed to the degradation of RB5 in the reaction system
was studied. According to the catalyst reuse experiment, it was found that the catalyst had no
obvious deactivation after four times recycling suggested the stability of the catalysts. The TOC
removal efficiency was 43.6% after 60 min reaction while it reached 51.9% when the reaction time
was extended to 90 min. Response surface methodology (RSM) based on Box-Behnken statistical
experiment design (BBD) was also applicated to investigate operating condition effects on RB5
removal, such as mole ratio of peroxymonosulfate and RB5, the reaction temperature and initial pH.
The results of adequacy check confirmed that the proposed models were accurate and reliable to
analyze the variables of this system.
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Recently, bismuth based complex oxides such as Bi,MoOs, BiFeOs, BiVO,, BiOCI, Bi,WOgs have
much attention in field of photocatalysis because of their narrow band gap, chemically and thermally
stable and nontoxic. Among of them, BiVO, which is an effective photocatalyst for pollutant
photodegradation and water splitting under visible-light irradiation and carbon dioxide reduction has
attracted increasing attention. It is well known that BiVO, powders have three crystal structure types:
monoclinic scheelite (s-m BiVVO,), tetragonal zircon (z-t BiVO,) and tetragonal scheelite (s-t BiVO,)
structure. In this study, BiVO, powders were prepared by the solvothermal process using bismuth
neodecanoate and ammonium metavanadate solutions as precursors and oleic acid as surfactant in
water-ethanol media. BiVO, powders with different morphologies were selectively synthesized by
adjusting the Bi/V molar ratio and preparation temperature. The properties of the as-synthesized BiVO,
powders were investigated by XRD, FE-SEM, Raman spectroscopy, UV-vis DRS spectroscopy and TA-
PL. We have also investigated whether the photocatalytic activity of these materials can bring about the
decomposition of Rhodamine B (RhB) in the presence of visible light.

BiVO, materials with various morphologies were prepared using a solvothermal process. A proper
amount of NH3VO, (Bi/V molar ratios are adjusted to 1:1, 2:1, and 1:2 for the synthesis of BVO1,
BVO2, and BVO3, respectively) was dissolved into 15 mL of 3 M NaOH aqueous solution and the as-
obtained solution was named as solution B. Afterwards, solution B was added a drop wise into solution
A. We conducted experiments with temperature selected at 100 and 180 °C in order to examine the
effect of synthesis temperature on the morphology of BiVO, prepared with Bi/V molar ratio=2/1.

The photocatalytic reactions in the visible region were performed with a 300 W Xe-arc lamp (Oriel)
and a 410 nm cut-off filter. Light was passed through a 10 cm IR water filter and then focused onto a
150 mL pyrex with a quartz window. The reactor was filled with 100 mL of an aqueous dispersion in
which the concentrations of the photocatalyst and Rhodamine B (RhB) were 30 mg/L and 20 mg/L,
respectively. At the given interval time, about 3 mL of the suspension were collected, and then filtered
through a 0.22um membrane filter to get the clear solution for collections of the spectra. The
quantitative determination of RhB was performed using a UV-vis spectrophotometer (Mecasys Optizen
Pop) at A = 554 nm.

When BiVO, were prepared at the Bi/V molar ratio= 1/1 (BVO1) and 2/1 (BVO2), all the XRD
peaks indexed well with the monoclinic phase of BiVO, (JCPDS 14-00688); the peaks appeared at 26 =
29°, while the splitting of peaks occurred at 18.5° 35° and 46°, respectively, corresponding with the
patterns reported earlier. No peaks of any other phases or impurities were detected. When BiVO, were
prepared at the Bi/V molar ratio= 1/2 (BVO3), however, the XRD peaks exhibited similar patterns to
that of s-m BiVO, and showed coexistence of NaVOy5 (JCPDS 24-1155) phase. When BiVO, sample
was prepared at the Bi/V molar ratio= 1/1 (BVO1), the product exhibited ellipsoidal shape morphology
with a diameter of about 0.53 + 0.09 um. The BiVO, sample was prepared in the excess bismuth
(BVO?2) led to the formation of needle-like morphology with 1.52 = 0.15 pm in length. When the BiVO,
sample was prepared in the excess vanadium (BVO3), however, the mixture of spherical and rods shape
was observed. The signal of PL is only caused 2-hydroxyterephthalic acid obtained by the reaction of
terephthalic acid with the OH radical formed on the interface of the photocatalyst/water during visible
light irradiation. The PL peak of BVO2 sample shows the highest intensity among of all BiVO,
samples. The formation rate of OH radicals shows a good correlation with the photocatalytic activity.
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Metal molybdate and metal tungstate materials as a scheelite structure have wide potential and
practical applications in many fields, e.g. photoluminescence (PL), solid-state optical maser, optical
fibers, scintillator materials, humidity sensor, magnetic materials and catalysts. PbMoO, and
SrMoOQq crystallize in this so-called scheelite structure, which belong to the tetragonal space group
14,/a. They have been reported due to the above mentioned applications. PbMoO, has also been
reported as a photocatalyst for the splitting of water. In this study, we prepared nanosized PbMoO,
particles using a facile surfactant-assisted hydrothermal process. The synthesized materials were
characterized using XRD, DRS, PL, BET, TEM and Raman. Their activity as photocatalysts for the
decomposition of Rhodamine B was investigated. In addition, the optimal experiment conditions for
the preparation were investigated to get the high photocatalytic activity.

In a facile surfactant-assisted hydrothermal process, (NHj)sM070,4°4H,0(5.3g), Pb(NO3),
*4H,0(9.94 g) and cetyltrimethyl ammonium bromide(CTAB) were used as the starting materials
without further purification. We characterized these PbMoO, samples by the following techniques:
X-ray diffraction pattern (XRD), transmission electron microscopy (TEM), and diffuse reflectance
UV-visible spectroscopy (UV-vis DRS). The photocatalytic reactions were performed with a 300 W
Xe-arc lamp (Oriel). Light was passed through a 10 cm IR water filter and then focused onto a 100
mL pyrex with a quartz window. The reactor was filled with 100 mL of an aqueous dispersion in
which the concentrations of the photocatalyst and Rhodamin B were 1 g/L and 10 mg/L,
respectively. This solution was magnetically stirred that the concentration and temperature
remained uniform. The samples were immediately centrifuged and the quantitative determination of
methyl orange was performed using a UV-vis spectrophotometer (Mecasys Optizen Pop).

From the XRD patterns of PbMoQ, catalysts prepared using hydrothermal process at different
CTAB concentration. The CTAB concentration was changed from 0 to 0.1 M. Their XRD patterns
revealed that the products can be indexed as the tetragonal structure with space group 14/a
regardless of the amount of CTAB, in agreement with the respective JCPDS No. 08-0475 for
PbMoO,. From the Raman spectra of PbMoO, samples, it is reasonable to conclude that well-
crystallized PbMoO, crystals have been successfully synthesized with the hydrothermal method
regardless of the addition of CTAB. The light absorption properties of the photocatalysts were
examined by diffuse reflectance UV-Vis spectroscopy. All the catalysts displayed similar
absorption spectrum in the UV light region regardless of CTAB concentration. However, the
absorption edge of the sample moved slightly to higher wavelength with an increase of CTAB
concentration, which can be ascribed to the increase of grain size.

The PbMoO, catalysts prepared in the presence of CTAB enhanced the photocatalytic activity
compared to P-25 catalyst and pure PbMoQ, catalyst. The photocatalytic activity is shown to have
the maximum value on PbMoQ, catalyst prepared when the pH of solution is 9. The PL peak was
appeared at about 540 nm at all catalysts and it was also shown that the excitonic PL signal was
proportional to the photocatalytic activity for the decomposition of Rhodamine B.
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Dichoroacetic acid (DCA) has been used as a model compound to validate the parameters
obtained after solving the radiative transfer equation (RTE) of a photocatalytic reactor operated in
slurry mode. DCA has been used due to the absence of interfering intermediates formed during the
oxidation process. A simple kinetic mechanism has been proposed to simulate DCA removal from
the aqueous system. The following set of reactions has been assumed:
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species (i.e. electrons, holes and radicals),

the final expression describing DCA 1eimuvar was.

dCoca &% Coca |:_1+ \/14‘ P OVRPA]

[11]

dt

Coca =

C DCA

DCA,

Coca, (1+ ¥ X (_ZDCA)

[12]

Where a,  and y are adjustable parameters and
OVRPA is the overall volumetric rate of photon
absorption. Figure shows the experimental and
simulated results obtained in runs conducted at
different initial TiO, concentrations (different
OVRPA).

As inferred from the figure the model
acceptably simulates the photocatalytic process.
Moreover, OVRPA values obtained in numerical
simulations and experimentally found indicates an
optimum dosage of 0.1-0.2 g L™ of catalyst.

Normalized DCA concentration evolution in photocatalytic experiments at different TiO, doses. (surface=model)
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Widespread occurrence in the waterways, massive consumption, extreme chemical
persistence and formation of toxic intermediates during natural attenuation are the key factors
introducing the artificial sweeteners (ASs) to emerging environmental contaminants [1, 2]. ASs are
metabolically inert sugar substitutes, widely used as additives in food and pharmaceutical industry,
which after consumption end up in wastewater treatment plants (WWTPs) mainly unchanged. The
conventional WWTPs are not designed to remove persistent compounds and thus, ASs, such as
saccharin, are detected in WWTP effluents, groundwater, surface and drinking water. TiO,
mediated photocatalysis, an advanced oxidation process, can address this urgent environmental
issue since its efficiency in destructing recalcitrant micro-contaminants has been well-proved.
However, the energy-intensive mercury-containing blacklight (BL) fluorescent lamps, commonly
used as the UV light source, result in a process of high operational cost and environmental impact
hindering in this way its large-scale application. To lower the cost and improve process
sustainability, UV light-emitting diodes (UV-LEDs) can be used as eco-friendly alternatives;
energy efficiency, extended lifetime and low environmental footprint are some of the LEDs’
features that can substantially advance photocatalysis.

The present study investigated the photocatalytic treatment of saccharin (SAC) using either a
UV-LED or a UV-BL lamp, as irradiation source. The aim was to assess the effect of the light
source on SAC removal, transformation products (TPs), as well as, on energy and cost-efficiency of
the process. In addition, the influence of major operating parameters such as the initial SAC
concentration, TiO, loading and water matrix (absence/presence of humic acids-HA) on process
efficiency was studied. The results revealed that SAC removal rate was mainly affected by changes
in the initial SAC concentration and the presence of HA, while TiO; loading had a subtle effect. At
the optimal conditions (SACy,=2.5 mg/L, TiO,=250 mg/L), SAC was degraded within 20 and 90
min under UV-LED and UV-BL irradiation, respectively. Liquid chromatography-high resolution
mass spectrometry (LC-HR/MS) analysis evidenced the formation of seven and five TPs for the
UV-LED and UV-BL system, respectively. SAC degradation occurs via hydroxylation of the
phenyl ring, cleavage of the C-N bond and further oxidation reactions. The irradiation source was a
critical factor; UV-LED achieved higher photocatalytic efficiency in terms of organic degradation,
across all the applied conditions. As well, UV-LED was found to be significantly more energy and
cost efficient than conventional UV-BL irradiation source, thus rendering LED-photocatalysis a
sustainable technology for the treatment of emerging persistent contaminants.
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Zinc oxide (ZnO) has been widely studied as photo-catalyst and a material support for photo-
catalysis due to its relatively low cost, being environmentally benign and the diverse morphologies
that can be obtained [1-2]. ZnO nanoparticles have been successfully synthesized by a facile
precipitation procedure by mixing aqueous solutions of Zn(ll) acetate and dissolved Na,CO3 at pH
ca. 7.0 without template addition. The as-prepared materials were calcined at 400°C in air for 2 h.
The Pt-ZnO catalysts (0.5 or 1.0 Pt wt.%) were obtained by photochemical deposition method using
hexachloroplatinic acid (H,PtClg). The as-prepared catalysts were characterized by XRD, BET, FE-
SEM, TEM, XPS and UV-Vis spectroscopy. Three different probe molecules were used to evaluate
the photo-catalytic properties under UV-illumination: Methyl Orange (MO) and Rhodamine B
(RhB) were chosen as dye substrates and Phenol (Ph) as a transparent substrate. In general, it was
observed that the presence of Pt on ZnO affects relatively little to the percentages of conversion of
the substrates although, the effect is significantly better for the conversion of the phenol than for the
other two chosen substrates (see graphical abstract enclosed). In all the photo-catalytic evaluation
tests, regardless of the chosen substrate or catalyst tested, high values of percentages of
mineralization are obtained (ca. 90%), High conversion values (ca. 100%) and a total organic
carbon (TOC) removal of 90-96% , were obtained over these photo-catalysts after 120 min of UV
illumination.
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Heterogeneous photocatalysis employing semiconductor catalysts is a promising approach to
decompose organic pollutants in water. Although TiO, has been the primary focus in semiconductor
photocatalysis, and has been successfully applied for a wide variety of problems of environmental
interest, other semiconductors such as Zn,SnO, nanoparticles (ZTO NPs) have attracted great
research interest for the photocatalytic degradation under either UV or visible light illuminations
[1]. Graphene has proven to be an ideal support for forming photocatalytic nanocomposites owing
to its unique electronic properties, large specific surface area, and high optical transparency.
Graphene hybridization with TiO, and ZnO for instance improves the photocatalytic activity of the
semiconductors. In the present work we show that, compared to pure ZTO NPs, Zn,SnO4
nanoparticles/reduced graphene oxide (ZTO/rGO) nanocomposites exhibit superior photocatalytic
activity with a full degradation of rhodamine B within 15 min under visible light (A > 420 nm)
irradiation.

The nanocomposites were synthesized by a facile and efficient one-step hydrothermal
approach using zinc acetate, tin chloride and graphene oxide (GO) as precursors, and sodium
hydroxide as reducing agent. This approach allows simultaneous reduction of GO and growth of
spinel ZTO NPs on the rGO sheets. The ZTO/rGO were characterized by means of X-ray
diffraction (XRD), transmission electron microscopy (TEM), high resolution TEM (HRTEM),
Raman scattering, FTIR, UV-vis diffuse reflectance and XPS spectroscopies as well as
photoluminescence (PL). The morphology and microstructure characterizations of ZTO/rGO
nanocomposites revealed that this method leads to close interfacial contact of ZTO NPs and rGO,
and efficient dispersion of ZTO NPs on the surface of rGO sheets.

The enhanced photocatalytic performance of ZTO/fGO was mainly attributed to the
presence of many defect-related energy levels in the band gap of ZTO NPs together with rGO
acting as an efficient electron-transfer mediator. Thus the separation of charge carriers created by
the visible illumination in ZTO NPs was much more efficient than without rGO[2].
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Nanostructured semiconductors are known to be good photocatalysts for remediation of
environmental pollutants. Zinc oxide (ZnO) is among the most effective photocatalysts for
degradation and complete elimination of micro-organisms in air and in water, but its large band gap
requires ultraviolet light excitation. Doping of ZnO with impurities that induce sub-bandgap
electronic transitions would allow its use in photocatalysis experiments under visible light. In this
work, we show that sodium doping enhances the photocatalytic activity of ZnO nanocrystals (NCs)
under solar irradiation [1].

Na doped ZnO nanocrystals (NCs) were successfully produced by sol-gel process and
characterized by X-ray diffraction (XRD), transmission electron microscopy (TEM), high resolution
TEM (HRTEM), Raman scattering, UV-vis diffuse reflectance spectroscopy and
photoluminescence (PL). XRD analysis indicated that all the prepared samples present pure
hexagonal wurtzite structure without any Na related phases.

Rhodamine B (RhB) in solution was used as the model of organic pollutant. Its degradation
was optimum for a 0.5% Na concentration where a full degradation was observed after 120 min of
sun light irradiation. This results from a greater absorption of visible light due to the presence of a
high density of defect-related energy levels in the band gap. The defects have been identified by PL
spectra as oxygen vacancies. Those located on and just below the NCs surface could drive the redox
processes. Furthermore, a good cycling stability and reusability has been observed. Based on
scavengers test, it was found that both superoxide and hydroxyl oxidizing radicals are mainly
active.
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Schematic illustration for the proposed mechanism of photocatalytic degradation of RhB by Na
doped ZnO NCs.
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Monte Carlo algorithm (MC) has been used to evaluate the radiation transfer equation (RTE) in a
photocatalytic reactor surrounded by four black light lamps. The asymetrical distribution of the
experimental installation forces the use of numerical methods to study the radiation absortion by
photocatalyst particles. The algorithm takes into account:

The emission spectra and intensity of the black lamps used in the installation.

Optical properties of commercial TiO, (Degussa P-25).

Photon absortion by pyrex® reactor walls.

Dispersive function phase of elastic reflected photons (Henyey-Greenstein).
Absortion/reflection of photons in walls outside the reactor.

Photons escaped through the top and bottom borders of the illuminated solution.

Photons generated in fraction lamps outside the limits of the radiated solution.
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Simulation of the process was completed by generating and monitoring the path followed by 10°
photons. Optimization of model parameters led to the following hypothesis:
» Henyey-Greenstein anisotropy factor (g) is located in the interval 0.8-0.9.
» External walls covered by aluminium foil do not absorb photons.
» The number of photons escaped through the top border is similar to those coming from the
top parts of the lamps.
» 15-25% of photons escaped through the bottom border are “recovered” due to the bottom
parts of the lamps.

MC simulations reveal that the overall volumetric rate of photon
absorption (OVRPA) exponentially increases with TiO,
concentration up to values of the latter close to 0.1 g L™
Thereafter, OVRPA remains practically unchanged when values
as high as 5 g L™ in TiO, were used.

Theoretical OVRPA as a function of TiO, dose.
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In this work, a study using TiO,/UV photocatalysis was carried to analyse the degradation of
industrial effluent from the wvulcanizaed rubber manufacturing, containing aniline and
benzothiazole. The study requires an adsorption analysis of the TiO, surface for these compounds.
TiO,/UV experiments were conducted at 25.0 °C and 1.0 atm pressure in a pilot tubular reactor,
16.0 L volume, equipped with a mercury lamp that provides an irradiation intensity of
72.0 pW/ecm?,

The adsorption of aniline and benzothiazole on TiO,, at pH=12.0, showed a Langmuir isotherm
type, showing values of Ky4s=3.22 L/mg and 1.42 L/mg, respectively, once reached the equilibrium
after one hour. A dose of 60.0 mg/L was applied in the TiO,/UV reaction. Results were adjusted to
a Langmuir-Hinshelwood model [1], where the adsorption contribution was almost negligible with
Kags Values of 0.055 and 0.048 L/mg for the aniline and benzothiazole, respectively. The analysis of
the different operation variables was analysed assuming a pseudo-first order kinetic model [2].
Removal of aniline and benzothiazole over 95%, in 15 h, was reached with the most favorable
operating conditions.

The catalyst, supported on the reactor wall, has a positive effect on the aniline degradation
leading to a removal degree close to 100%. Adding suspended catalyst gave an increase in the
efficiency above 100 mg/L concentration. The pH effect on the removal of aniline led to a higher
oxidation rate at pH=12.0 (kap=0.33 1/h). This pH facilitates the interaction of aniline with the
hydroxyl radicals on the surface of the catalyst [1]. At a pH=2.5 (kyp=0.11 1/h), a UV source
darkening, resulting from the condensation reactions occurs, because of a low generation of radicals
HO®. At pH=8.0 (kapp=0.15 1/h), consequence of a possible optimum HO® concentration, the most
favourable oxidation rate was found for benzothiazole. The dosage catalyst study for degradation of
aniline, determined an increase of the oxidation rate over 100.0 mg/L (kapp=0.39 I/h). Above this
dose, a surface catalytic masking of TiO, particles arises, facilitating reactions of deactivation of the
radicals HO+ [2-3]. In the degradation of benzothiazole, no increase of the constant kinetic was
noted appreciably.
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Air pollution has become a major issue over the past few decades, accompanied by serious
risks on human health. The demand for innovative air cleaning technologies is rising. Volatile
organic compounds (VOCs) are an important class of air contaminants. Conventional methods for
VOC removal are thermal oxidation and catalytic oxidation. The former requires temperatures
above 800 °C to achieve destruction efficiencies around 98%, whereas the latter makes use of
expensive materials such as platinum and even then temperatures around 300 °C are required[1].

Photocatalytic oxidation with titanium dioxide (TiO,) has the potential to effectively remove
VOCs under mild reaction conditions[2]. Here, an innovative reactor configuration is presented in
which a TiO, coated glass tube is spiraled around a UV lamp in order to ensure homogeneous light
distribution, while at the same time providing an intense contact between pollutants and catalyst
surface in a compact design. The photocatalytic degradation of acetaldehyde is studied for the spiral
reactor, compared to a conventional annular photocatalytic reactor. The results show that the spiral
reactor outperforms the annular reactor over a large range of flow rates.

TiO, can only be activated by UV light that represents approximately 5% of the solar spectrum.
Therefore, the TiO, surface is modified with plasmonic silver nanostructures to capture UV light
more effectively. Our results show an increase in acetaldehyde degradation from 50% to 100%
upon addition of silver nanoparticles as compared to bare TiO,.
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In this study, highly visible-light photoactive nitrogen and sulfur co-doped TiO; (N,S-TiOy)
nanoparticles was synthesized via facile sol-gel method. The photocatalytic activities of N,S-TiO,
catalysts were evaluated by degradation of non-steroidal anti-inflammatory drugs, ibuprofen (IBP)
and naproxen (NPX), under simulated solar irradiation. The resulting photocatalysts were
characterized by transmission electron microscope, X-ray diffraction, N, adsorption—desorption
isotherms, Fourier transform infrared spectroscopy and UV-Vis diffuse reflectance spectroscopies.
The N,S co-doped TiO, nanoparticle is well-developed mesoporous structure contain both anatase
and rutile phase and a large BET surface area (132 m?/g). NS-TiO, was coated on UVC-treated
polycarbonate (PC) (NS-TiO,@PC) by simple deposition method after pre-coating of
peroxotitanium complex which was employed to improve adhesion and inhibit the PC degradation.
The coated film was characterized by field emission scanning electron microscope (FESEM) and
atomic force microscope (AFM). Experiment were carried out in both batch and smi-continous
mode. The results showed that at catalyst loading of 2.0 g/L and pH 6, N,S-TiO, nanoparticles can
degrade 85% and 99.3% of IBP and NPX [1]. At semi-continuous mode, the maximum degradation
efficiency was achieved at the optimum conditions: irradiation intensity 8.36 mW/cm? (for IBP) (10
mW/cm? for NPX), initial drugs concentration 10 mg/L and reaction time 121 min. Under this
condition, the maximal degradation efficiencies of 83% and 100% were achieved for IBP and NPX,
respectively. The high photocatalytic activity of N-S-TiO, can be due to synergistic effects of
nitrogen and sulfur co-doping into TiO, resulted in better separation of photogenerated electrons
and holes and higher-visible light adsorption [2]. Analysis of reaction intermediates was conducted
using an HPLC coupled electrospray ionization time-of-flight mass spectrometry (ESI-TOF-MS).
After photocatalytic treatment, the peak at m/z 209 was observed, which could belong to
demethylation of IBP and then hydroxylation (dihydroxylated products) process. In the case of
NPX, the concentration of ionized by-products was too low to be detected and nearly 100% NPX
was removed during the photocatalytic process.
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Titania (TiO,) and hematite (o-Fe,O3) have potential applications as semiconducting
photoanodes for either hydrogen production via photoassisted water electrolysis or
photoelectrochemical (PEC) oxidation of water pollutants. The advantages of TiO, are its low price,
high stability and nontoxicity. However, only a very small part of sunlight (4%) is absorbed. Iron
oxide (a-Fe,O3) has a favourable band gap (2.0-2.2 eV), which allows absorbing a substantial
fraction of the solar spectrum, resulting in the theoretical maximal solar-to-hydrogen (STH)
conversion efficiency of 15%. But there are also limitations, e.g. the nonideal position of hematite’s
conduction band, which is too low for spontaneous water reduction or low stability in acidic media.
The latter can be minimised by the coverage by the thin titania film. Furthermore it was recently
verified that thermal treatment of such a-Fe;O3/TiO, nano-heterostructures may lead to the
formation of an ultrathin film of pseudobrookite iron titanate (Fe,TiOs) which resulted in the
significant improvement of the PEC efficiency [1]. Further work then revealed that the
heterojunction between the hematite (a-Fe;O3) and pseudobrookite (Fe,TiOs) film significantly
affects the charge separation process, resulting in considerable increase of long-lived valence band
holes at the surface [2]. Therefore, the aim of the present work was the preparation of bilayer a-
Fe,03/TiO; thin films, their thermal treatment and photoelectrochemical characterization of such
formed photoanodes. Bi-layers of TiO, and a-Fe,O3 were prepared on conductive fluorine doped tin
oxide (FTO) glass by subsequent deposition of TiO, (sol-gel method using dip-coating [3]) on a-
Fe, O3 layers prepared by high-power impulse magnetron sputtering (HiPIMS) described previously
[4] followed by annealing at 650 -750 °C. Photo-electrochemical measurements were performed
under either solar light (AM1.5G filter, irradiance of 1 sun) and monochromatic LED irradiation
(360-620 nm). The influence of annealing tempereature and single layer thickness on the
composition and photoelectrochemical performance was evaluated.

Acknowledgements
Authors acknowledge the financial support from Grant Agency of the Czech Republic (project
number 17-20008S) and from specific university research (MSMT No 20-SVV/2017).

References

[1] Deng,J.J.;; Lv, X. X,; Liu, J. Y.; Zhang, H.; Nie, K. Q.; Hong, C. H.; Wang, J. O.; Sun, X. H.; Zhong,
J.; Lee, S. T., Acs Nano 9 (2015) 5348.

[2] Ruoko, T.-P.; Kaunisto, K.; Baertsch, M.; Pohjola, J.; Hiltunen, A.; Niederberger, M.; Tkachenko, N.
V.; Lemmetyinen, H., Journal of Physical Chemistry Letters 6 (2015) 2859.

[3] J. Krysa, M. Baudys, M. Zlamal, H. Krysova, M. Morozova, P. Kluson, Catalysis Today 230 (2014) 2.

[4] S. Kment, Z. Hubicka, J. Krysa, D. Sekora, M. Zlamal, J. Olejnicek, M. Cada, P. Ksirova, Z. Remes,
P. Schmuki, E. Schubert, R. Zboril, Applied Catalysis B: Environmental 165 (2015) 344.

188



P2-13

PHOTOCATALYTIC DEGRADATION OF INSECTICIDES BY ZnO AND TiO, COATED
MAGNETIC NANOPARTICLES UNDER NATURAL SUNLIGHT

J. Fenoll® 1.Garrido® M. Pastor-Belda®, N. Campillo®, P. Vidias®, M.J. Yaiiez®, N. Vela®, S. Navarro®,
P. Flores?, P. Hellin®

# Instituto Murciano de Investigacion y Desarrollo Agrario y Alimentario (IMIDA). 30150, Murcia. Spain.
e-mail: (e-mail: jose.fenoll@carm.es)

® Universidad de Murcia (UMU). 30100, Murcia, Spain.

¢ Universidad Catolica de Murcia (UCAM). 30107, Murcia, Spain.

Advanced oxidation processes (AOPs) constitute a collection of established methods for
elimination of organic pollutants such as detergents, dyes, and pesticides in water. Among AOPs,
heterogeneous photocatalysis using different semiconductor oxides, such as TiO, and ZnO, has
been widely used by numerous authors in the last two decades, due to their chemical and optical
properties. Commercial available titanium dioxide Degussa P-25 is the most commonly used.
However, some authors found that the photocatalytic activity of ZnO, with similar band gap energy
and the same photodegradation mechanism, is higher than that of TiO, Degussa P-25.

An important problem to be resolved in industry applications is efficient separation of
powder TiO, or ZnO photocatalysts from treated water. Immobilization of nanoparticles of these
semiconductors on different support such as magnetic particles provide a very efficient and
convenient method for separating and recycling catalysts by using external magnetic fields.

The photocatalytic degradation of four insecticides (etoxazole, fenpyroximate, flonicamid
and metaflumizone) in pure water has been studied using zinc oxide (ZnQO) and titanium dioxide
(TiOy) coated magnetic particles as photocatalyst under solar irradiation.

Photocatalytic experiments showed that the addition of these magnetic nanoparticles in
tandem with the oxidant (Na,S,0g) strongly enhances the degradation rate of these compounds in
comparison with those carried out with ZnO and TiO, coated magnetic particles alone and
photolytic tests. Comparison of catalysts showed that ZnO coated magnetic particles is the most
efficient for the removal of these insecticides. From the results of this work, it can be concluded that
photocatalytic oxidation using ZnO and TiO, coated magnetic particles in tandem with the oxidant
(NazS,0g) might be a promising method to remove organic pollutants from water.
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Intrinsic  Kinetic parameters useful for the design, optimization and comparison of
photocatalytic devices, are difficult to obtain in conventional reactors. Carefully planned
experiments must be carried out, along with complex models, to take into account the influence of
radiation, mass transfer and fluid dynamics on the reaction rate. In turn, microreactors provide an
excellent platform for photocatalytic kinetic studies because of the advantages of the microscale:
laminar flow, short molecular diffusion distances, uniform irradiation, large surface to volume ratio,
and accurate control of operation variables [1,2]. In this work, a simple method for obtaining Kinetic
parameters for first order reactions is developed. The degradation of the pollutant 4-chlorophenol
(4-CP) is evaluated in a photocatalytic microreactor under different flow rates and constant UV
illumination.

The microreactor consists of a rectangular reaction chamber of 5.8 cm x 2 cm x 200 um
(reactor volume Vg=232 uL). The top layer of the reactor is a borosilicate glass plate coated with
TiO,, which act as a window. The TiO, film was obtained by the dip-coating technique from a
suspension of 150 g/L of AEROXIDE TiO;, P 25 (Evonik, Germany). The thickness of the film,
evaluated by SEM images, was 500 nm. Illumination was provided by a set of 4 UV lamps (Philips
TL 8 W Actinic BL), with maximum emission at 365 nm. The resulting irradiation flux at the
reactor window was 1.21 mW/cm?. A solution of 20 mg/L of 4-CP was pumped into the reactor by
a syringe pump at flow rates (Q) ranging from 20 to 300 uL/min. The concentration of 4-CP was
determined by HPLC. The microreactor is mathematically modeled as a Hele-Shaw cell,
considering first-order kinetics. In the limit of negligible mass transfer limitations:

Q=kV,[In(C, /C,, )], where Kk is the kinetic constant, and Ci, and Cq,: represent the inlet and outlet

concentration of 4-CP, respectively. From the slope of the plot Q vs 1/In(Ci,/Cou), in the linear
range (Q below 170 uL/min), the value of the kinetic constant can be calculated.

Following these simple steps, first-order kinetic constants of different chemical compounds
can be obtained. Additionaly, it represents a reliable methodology to evaluate the performance of
different catalytic films for a given reaction.
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Continuous exposure to sporulated microorganisms represents serious health risks to human
beings, including allergies and infection diseases, especially in confined environments.
Heterogeneous photocatalysis with TiO, is a potential alternative to mitigate the problem of
biological air pollution. In the present work, the inactivation of Bacillus subtilis spores over TiO,-
coated glass rings was evaluated under UV-A radiation. The coated rings represent a possible filling
for photocatalytic reactors applied to indoor air purification.

Borosilicate glass rings (5 mm x 10 mm) were coated with 1, 2 and 3 coatings of TiO, P-25
(Evonik) by the “dip-coating” technique. The thickness of the resulting TiO, films was determined
through SEM images. A suspension of B. subtilis spores was nebulized over the coated rings with a
Collison 6-jet nebulizer (BGI Instruments), and then exposed to UV-A radiation (7.47 mW cm?)
for 7.5 hours. The nebulization of the spores simulates the real condition of bioaerosols in contact
with a photocatalytic purification device. Bacterial inactivation was followed by analyzing the
concentration of viable bacteria every 2.5 hours. Experimental results were fitted with the
exponential equation N=Ng exp(-kt), where N (CFU cm®) is the concentration of viable bacteria per
unit area of support, No (CFU cm™) is the initial bacterial concentration, k (h™) is the apparent
Kinetic inactivation constant, and t (h) is the irradiation time. CFU stands for colony forming units.
Table 1 presents the average thicknesses of the TiO; films and the estimated values of the apparent
inactivation constant (k), with the corresponding 95% confidence intervals. The orders of
magnitude reduction in the concentration of viable spores after 7.5 h of irradiation is also reported
in the table.

Table 1. Film thicknesses, apparent inactivation constants, and orders of magnitude reduction

TiO, Thickness (um) k (h™ Orders of magnitude
coatings reduction
1 0.73+0.03 0.58 +0.08 1.9
2 1.22 +£0.08 0.66 +0.12 2.3
3 1.76 + 0.08 0.60 + 0.08 2.0

When B. subtilis spores were irradiated over the coated rings, their viability decreased
significantly and the inactivation extent increased with the irradiation time. Regarding the number
of TiO, coatings, maximum inactivation was reached with 2 coatings. Although the thickness of the
TiO, film increases with the number of coatings, a slight decrease in the apparent kinetic constant
was obtained for 3 coatings. Possibly, under the conditions of these experiments, maximum
production of hydroxyl radicals that are effective in the inactivation process is achieved in the film
with 2 coatings. In thicker films, excessive production of hydroxyl radicals could lead to the
formation of hydroperoxyl radicals, which are less effective for bacteria inactivation. Additionaly,
an increase in the recombination of electrons and holes in the thicker film could contribute to the
decrease in the inactivation rate [1].

Results have shown that glass rings with 2 coatings of TiO, are a promising filling for air
purification photocatalytic reactors.
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Anthranilic diamides such as chlorantraniliprole (CL) or cyantraniliprole (CY), launched
commercially in 2007, belong to a recently developed class of insecticides that disrupt the
ryanodine (Ry) receptors in intracellular calcium channels (RyR)-Ca?* that play a central role in
muscle and nerve functions [1]. Due to their GUS leaching potential index (2.6 and 4.2 for CY and
CL, respectively), they present high to medium mobility in soils. Consequently, both insecticides
and some of their metabolites may leach through the soil profile. VVolatilization from water surfaces
IS not expected to be an important fate process based upon their estimated Henry's Law constants
[2]. In addition, they have high risk to aquatic organisms, especially CY. Therefore, effective, low-
cost and robust methods to decontaminate waters polluted with their residues are needed, as long as
they do not further stress the environment or endanger human health. Numerous studies have
demonstrated that pollutants can be removed from wastewater by advanced oxidation processes
(AOPs). Among AOPs, heterogeneous photocatalysis is a process of great potential for pollutant
abatement in water. In this view, the aim of this work was to assess the photoactivity of TiO, and
ZnO on the degradation of CL and CY in water, under sunlight.

The experiments were carried out in Murcia, SE Spain, in Pyrex glass vessels containing 500
mL of water spiked at 0.1 mg L™ of each active ingredient using natural sunlight irradiation during
June, 2016. Several samples were taken during the photoperiod (120 min), from 12 to 14 h.
Initially, water samples were mixed with both compounds, homogenizing the mixture for 20 min in
the dark. After this time, the appropriate amounts of catalyst (200 mg L for both, TiO, and ZnO)
and oxidant (Na,S;0g, 250 mg L), used as electron acceptor, were added to the reaction solution.
Several samples from 0 to 120 min were taken during the irradiation period. Water samples were
extracted and analyzed according to the procedure described by Fenoll et al. [3].

According to the obtained results, significant differences were observed in the reaction rate
when the concentration of both semiconductors was increased from 0 to 300 mg L™. The optimum
value for catalyst was found to be 200 mg L™ for both ZnO and TiO,. On the other hand, increased
concentration of Na,S,0g enhanced the reaction rate for these substances until it reached a plateau.
The optimum value for oxidant was 250 mg Lt in both cases. In these conditions, DT for both
insecticides was around 60 min, being CL more rapidly degraded than CY during the first hour. The
complete disappearance of the studied compounds was achieved after 90 min of illumination for
both systems. In the absence of a catalyst the photolytic decomposition of these compounds occurs
at a very slow rate with disappearance <10% of their initial concentrations after 120 min of
illumination.
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In the past two decades, photocatalysis in the presence of semiconductors (e.g. ZnO, TiO,) for
decontamination of water containing pesticides or other organic contaminants has been extensively
studied. Zinc oxide (ZnO) has attracted much attention on account of its cost-effective, high
photocatalytic activity and environmentally-sustainable water and wastewater treatment. However,
the use of nanoparticles of ZnO introduces a stage of separation and recovery of these nanoparticles.
Traditional separation methods always cost too much in industrial applications. Therefore, different
strategies have been developed as the immobilization of nanoparticles of these semiconductors on
different support such as magnetic particles. Thus, the photocatalyst could be effectively separated
and recycled by applying an external magnetic field.

In this work, magnetic particles coated with ZnO were synthesized, characterized and
applied for photocatalytic degradation of six fungicides (pyraclostrobin, trifloxystrobin,
myclobutanil, boscalid, penconazole and difenoconazole) in water under sunlight. Magnetic
particles consisting of a silica undercoat followed by a ZnO coating (MSZ) were more efficient than
magnetic particles loaded only with ZnO (MZ) for catalysing the removal of these fungicides.
Thus, in the presence of MSZ, the residual levels of fungicides after 240 min were in the range 0.15
— 16.5 ug L™ for pyraclostrobin and trifloxystrobin, respectively, while for MZ, these levels varied
between 6.0 and 120.5 pg g™ for difenoconazole and trifloxystrobin, respectively. The insulative
effect of SiO, coatings might be responsible for the observed higher rates in MSZ particles.
Comparison of MSZ and ZnO particles with similar amount of ZnO, showed that ZnO was a little
more efficient for catalysing the removal of these fungicides. In addition, the photoxidation of these
pesticides followed first order kinetics. Finally the process using MSZ magnetic particles undergoes
lower photodissolution of Zn than that observed for ZnO powder.
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The processes of ennoblement of textiles articles for clothing make them increasingly
attractive and desired. However, many industrial processes are harmful to the environment, such as
dyeing, printing, jeans washing and functional finishing. These processes, for the most part, are
made in aqueous system, and require a high volume of water, dyes and a wide variety of chemicals
of difficult degradation. Thus, the generated wastewater usually presents intense color, high
chemical oxygen demand (COD), heavy metals and low biodegradability [1].

These characteristics make them difficult to treat by the methods conventionally employed
in textile industries, which are based on physico-chemical and biological processes. In this context,
heterogeneous photocatalysis appears as a promising alternative for the treatment of textile
wastewater aiming the reduction of environmental damages.

In this paper, titanium dioxide catalyst was immobilized on a cotton textile surface and used
in the treatment of a real wastewater, coming from a Brazilian jeans laundry. The effluent was
collected in the laundry equalization tank and characterized before and after treatment. The
treatment was carried out in a bench reactor composed of a 2000 mL beaker covered by cotton
fabric — positioned under a system of 4 germicidal lamps, totalizing 60 W of power. This system
was kept environmentally isolated by means of a metal box to avoid dissipation of radiation. The
wastewater treatment time was 8 hours and the pH was 2.5. The table below shows the initial and
final characteristics of the effluent.

Table 1 — Characteristics of the jeans laundry wastewater before and after treatment.

Parameters Unit of measurement Untreated Treated
Effluent Effluent
Color mg Pt-CoL™ 1536 22
Turbidity FAU 258 10
Absorbance-658nm (1) - 0.385 0.005
Discoloration (%) - 98.70
Odour - Strong absent
Titanium mg L* nd nd

nd: not detected by the equipment

The tests showed that after 8 hours of treatment the color was removed almost completely,
not being visible to human eye. The process also promoted great reduction of turbidity and
eliminated the unpleasant odour that was present in the wastewater.

The treated wastewater did not present residual titanium, indicating that the immobilization
occurred correctly, eliminating the drawback presented when it was suspended in the system.

Finally, even after leaving the effluent without stirring, at rest, no formation of sludge
occurred. Thefore, it is concluded that the method employed brings great advance for the treatment
of wastewater fron the textile industry.
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Visible light photocatalysis is an accepted technique for the purification of environmental
contaminations. Perovskites with small band gaps are of special interest; one class of them are
ferrites [1]. Under consideration of the Goldschmidt tolerance factor in perovskites a wide variation
of the cations on the A and B positions is possible allowing a rational design of the band structure,
I.e. the band gap as well as the band positions. Yttrium ferrite is a narrow band gap semiconductor
with magnetic and magneto-optical properties; thus it can be recovered by use of external magnets.
It was shown that the photocatalytic properties strongly depend on the particle size which is
influenced by the chosen preparation method, e.g. solution combustion synthesis or micro-wave-
assisted methods [2].

Sol-gel technique is an effective method to synthesize nanomaterials at low temperatures,
leading to high purity, great homogeneity and enhanced surface area [3]. Nanocomposites are often
discussed to enhance photocatalytic activity, but it is not always easy to form suitable solid
solutions. Thus carbon materials are also very attractive. g-C3N,4 is nontoxic, cheap and displays
good photocatalysis performance [4], but its effectiveness is limited because of fast recombination
of the photo-created electron—hole pairs [5].

Thus, we prepared YFeO3/g-C3Ny
composites by complexing agent assisted

0,

/g sol-gel  route, and evaluated the
= OE,O photocatalytic activity of the composites in
% L gev methyl orange (MO) degradation. The
1 it \/ specific surface area, band gap and thus

Potential/eV Degradation product

visible light photocatalysis activity, are
./o strongly depending on the calcination
temperature. Highest surface area and
highest activity for degradation of methyl
Figure: Illustrative representation of the photo- Orange dye were obtained by calcination at

catalysis process under visible light illumination. relatively low 675°C, leading to pure

hexagonal YFeOs;. In  YFeOs/g-C3Ny4
composites, synthe-sized in the best way by simple milling YFeO3; with melamine, light absorption
and thus photocatalysis efficiency for degradation of organic pollutants under visible light
illumination is drastically enhanced. The photo-induced holes don't react with H,O or OH" on
YFeOs, but on g-C3Ny in the composites.
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Within the advanced oxidations technologies, heterogeneous photocatalysis is the most
commonly used. It has been mainly applied to oxidize emerging contaminants in water. However,
its efficiency is restricted to the UV region due to its wide band gap (~3.2 eV) [1]. Accordingly, the
development of new photocatalysts suitable for visible radiation has become in an issue of great
interest [2].

The present work postulates a simple synthesis of hydrogenated black TiO, and black ZnO,
using NaBH, as reductant, and evaluates their photocatalytic activity using visible light. The
hydrogenation of semiconductors was done by the method —
developed by Tan et al. [3]. The mixture of TiO, P-25 or ZnO / \ /i\
with NaBH, (3:1) was done in a mortar and then heated at 350 °C Q',}(( .
for 1 hour in N, atmosphere. Depending of the hydrogenation \ .. -
conditions, the catalyst’s color becomes grey, blue or black
(Figure 1). TEM analysis shows the formation of a crystalline core Figure 1. White (P-25), blue and black TiO
and an amorphous surface on both, black TiO; and black ZnO.

The XRD pattern of black TiO, shows that the hydrogenation conserves the crystalline
structure of titania P-25, however some extra peaks appear presumably attributed to other forms of
titanium oxides. In the case of black ZnO, it is possible to observe peaks corresponding to metallic
Zn.

Diffuse reflectance shows that both catalysts increase their absorbance towards the visible
region, with a slight decrease in the band gap of both catalysts. The EPR spectra confirm the
formation of oxygen vacancy defects.

The photocatalytic activity of both hydrogenated semiconductors was studied on methyl
orange (MO) using visible light as photon source. In both cases it is possible observe that the
catalysts submitted to a more drastic hydrogenation conditions, present less photocatalytic activity
compared with the original white catalyst. This could be explained due to an excess of surface
defects that promote the recombination process.
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The development of so-called TiO,-based smart materials requires a proper evaluation of the
photocatalytic properties of sample surfaces in the gas-phase. The difference in the activity of
titania films could be determined by the oxidative decomposition of the molecules of initial air
organic contaminants, by the formation and degradation of intermediates and by the long-term
activity while selecting appropriate operating conditions [1, 2]. The relatively low activity of
compact thin films (thickness lower than 200 nm) if compared to thicker high-roughness or porous
coatings could be compensated by the increase in the area of films to be tested and/or by the
increase in the residence time in the reactor.

The objective of the present research was to design a gas-phase reactor which allows
investigating the photocatalytic activity of surfaces including thin films with different materials and
optical properties on the different plane support materials. The study was focused on the
comparison of the photocatalytic activity of several laboratory-synthesised (sol-gel) and industrial
titania sol-based thin films.

Multi-section plug-flow photocatalytic reactor permitting the evaluation of flat samples with
surface areas from several to ca. 600 cm?® with in-line humidifier and Fourier transform infrared
analyser was assembled. Titania coatings were deposited on borosilicate and soda-lime glass using
dip coating technique and were characterised by profilometry, X-ray diffraction analysis and field
emission scanning electron microscopy. The photocatalytic activity of films was studied using
methyl tert-butyl ether (MTBE) and acrylonitrile as model air pollutants. The process operating
parameters, like air humidity, residence time, initial concentrations of pollutants and irradiation
source were varied.

The residence time exhibited the strongest influence on the degradation of initial compounds
and their gaseous photocatalytic oxidation by-products, like tert-butyl formate, formic acid and
hydrogen cyanide. The residence time in multi-section reactor can be varied by either changing the
number of operated sections or by changing the volumetric air flow rate, thus allowing this
operation parameter to be changed in a wide range exploring the differences in the process
performance.
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An interaction of conductive polymer and metal oxide particles may contribute to
achievement of specific properties and enhanced photocatalytic activity of obtained material. This
work studies the development of composite structures based on polypyrrole/zinc oxide (PPy/ZnQ)
with increased photocatalytic performance under solar radiation due to components® synergistic
activity in such composite material. It is very important to optimize the synthesis conditions in
order to obtain composite material PPy/ZnO with high surface area, the optimal thickness of
conductive polymer layer on ZnO and also minimal possible aggregation of metal oxide particles.

In this study several composites of PPy/ZnO were prepared. The duration of synthesis was
from 30 to 90 min. Obtained composite samples were characterized by Fourier transform infrared
spectroscopy (FTIR), UV-Vis spectroscopy, thermogravimetric analysis (TGA) and scanning
electron microscopy (SEM). The decomposition of dye Reactive Red 45 (RR 45) under UV and
solar light was used to estimate the photocatalytic efficiency of prepared composite samples. The
obtained results show that duration of synthesis highly influences the photocatalytic efficiency of
composites.
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Flame aerosol synthesis is one of the proven ways to produce fine titania with satisfactory
photocatalytic performance, like P25. However, due to the complexity of the particle growth in gas-
aerosol stream, a systematic analysis of synthesis parameters should be a basis for the cause and
effect study to improve photocatalytic properties of produced nanoparticles.

It was previously shown [1] that the photocatalytic activity of pyrogenic mixed-phase titania
powders including industrial samples with average particle size from ca. 7 to 21 nm could be
correlated with their primary particle size distribution and not with phase composition. We assume
at the moment that the appearance of rutile phase in titania is a result of transition of specific
anatase nanoparticles with high photocatalytic activity in the course of particle-particle interactions.
However, other distinct measurable characteristics of these particles, besides kinetic data from
photocatalytic oxidation, or favorable process parameters for the formation of the reactive particles
are still unknown.

In this research a series of nanoscale titania powders was produced at approx. 1500 °C
using modified flat-flame burner. Two operation modes of the burner with and without additional
hot (1500 °C) gas stream were tested; the additional gas stream shielded the main gas aerosol
stream from the lateral temperature changes. In order to study the alterations of the nanomaterial
properties depending on residence time at high temperatures, the growth of the particles was
stopped by rapid cooling (quenching), where ambient air was used as a quenching media [2]. The
distance of quencher from the burner surface and the titania precursor concentration were varied,
while the total gas volume flow was kept approx. constant in all the experiments. The collected
titania particles were characterized by means of XRD, TEM and BET analyses and by the
mineralization of 4-chlorophenol.

No positive effect of high BET-values on the photocatalytic properties of synthesized titania
was observed. On the contrary, the sintering of nanoparticles in the hot aerosol stream with the
decrease in BET as a consequence caused more or less pronounced increase in the photocatalytic
activity in all the experimental runs.
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Persistent contaminants affect natural environments becoming a risk to ecological equilibrium
[1]. Photocatalytic degradation is regarded as an adequate treatment for transforming harmful
compounds into non-toxic substances in solution, achieving a significant decrease of the effluent
toxicity [2].

This work studies the photocatalytic removal of some chlorophenols: 4-chlorophenol (4-CP),
2,4-dichlorophenol (2,4-DCP), 2,5-dichlorophenol (2,5-DCP) and 2,4,5-trichlorophenol (2,4,5-
TCP) and nitrophenols: 4-nitrophenol (4-NP), 2-nitrophenol (2-NP) and 2,4-dinitrophenol (2,4-
DNP) as model pollutants. Experiments were performed in a 1 L cylindrical slurry type
photoreactor with 200 mg-L™ of TiO, Aeroxide P25 in suspension. Firstly, the influence of initial
TOC concentration were studied for 4-CP and 2-NP and also the position and number of chloro and
nitro groups in the aromatic molecule were analysed for the selected target compounds.

Photocatalysis treatment was able to degradate initial 4-CP and 4-NP contents in aqueous
effluents up to 50 mg-L™* and 12.5 mg-L™ of equivalent TOC, respectively. Higher concentrations
of organic compounds constitute a drawback and drive to residual contents of original 4-CP, 4-NP
and organic intermediates in the reaction media, after more than 300 min of irradiation time, which
become more important when increasing the initial TOC. As a consequence, the lack of TOC
conversion could mean the presence of organic intermediates even more toxic than the original
pollutant.

Relating to ecotoxicity, an increase in the number of chloro or nitro subtituents in the
aromatic ring does not imply higher ecotoxiticy values. From these exotoxicity values, the position
of substituent in chlorophenols seems to lead to some significant differences, whereas this effect
was almost neglected in the case of studied nitrophenols. On the other hand, TOC conversion values
are not affected by the substituent position, but by the number of groups in the organic molecule,
probably due to steric hindrance [3].

4-CP 2,4-DCP 2,5-DCP 2,45-TCP 4-NP 2-NP 2,4-DNP
TU initial 52 33 14 98 3.8 0.85 0.75
TU Final 11 14 2 5 0.1 0.1 0.1
ATU' (%) 79 57 87 95 100 100 100
TOC 73 83 83 71 100 100 100
conversion

'ATU: reduction of ecotoxicity by Microtox test. Charges equivalent to 50 mg-L™ of TOC for chloropenols
and 12.5 mg-L™* of TOC for nitrophenols, were used respectively.

References

[1] R. Hakulinen, S. Woods, J. Ferguson, M. Benjamin, Water Sci. Technol.17 (1985) 289-302.

[2] S. Malato, J. Blanco, M.I. Maldonado, P. Fernandez-Ibafiez, A. Campos, Applied Catalysis B:
Environmental 28 (2000) 163-174.

[3] W.Z. Tang, Waste Management 15 (1995) 615-622.

200



P2-25

PHOTOCATALYTIC WATER PURIFICATION USING NANOMATERIAL
Pui Hong YEUNG, Chi Chung TSOI, Ning WANG and Xuming ZHANG*

The Hong Kong Polytechnic University Shenzhen Research Institute, Shenzhen, China
Department of Applied Physics, The Hong Kong Polytechnic University, Hong Kong, China
(* corresponding author: apzhang@polyu.edu.hk)

Many cities are facing water contamination because of improper handling of organic sewage.
This would produce a huge amount of polluted water, threatening the marine environment seriously.
Fortunately, semiconductor has been extensively utilized in the field of organic waste water
purification [1]. This work aims to investigate the properties of nanomaterials with the aid of solar
reactor, finding the degradation efficiency of organic sewage. For simplicity, we use TiO, and Au-
doped TiO, as the photocatalysts to degrade methylene blue (MB).

Figure 1 illustrates the fabrication processes of microfluidic reactor and its mechanism. The
reaction zone will be restricted in the confined space of around 10 pl. When the gas syringe is
pushed such that the MB solution flows through the reaction chamber, the reaction time of the MB
with the photocatalyst could be adjusted. Figure 1D shows the process of a photo-induced process
based on the interaction between photons and semiconductor catalysts [2].

Figure 2 plots the experimental result that compares the degradation as a function of reaction
time under the conditions of visible light only. It is observed that (1) the degradation efficiency
increases steadily with the increasing reaction time; and (2) the degradation of MB using TiO,/Au
appears to be more efficient than that using TiO, only. This experimentally suggests that TiO»/Au
has better photocatalytic properties.

In summary, this work presents the efficiency of photocatalyst to degrade contaminated water
and the merits of microfluidics to scale up the water treatment throughput.
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FIGURE 1 Schematic of experimental setup. FIGURE 2 Degradation results.
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The introduction of further electronic states in an insulator oxide like ZrO, (band gap of ca. 5

eV), has been carried out in inserting rare earth elements like Ce and Er in the ZrO, matrix. The
obtained ZrO, based materials can be considered a new family of photocatalysts well describing
the third generation of catalysts theorized by Emeline and Serpone [1]. Bare ZrO; but also Ce and
Er doped ZrO, resulted photoactive in two gas-solid regime reactions, i.e. the oxidation of 2-
propanol and the CO, reduction. The photocatalytic activity of these ZrO, based materials was
promoted by both a LED irradiation at 365 nm and a solar simulated system. Bare and doped
samples have been synthesized by using a hydrothermal method from the oxychloride or
oxynitrate precursors of ZrO,. The amount of Ce and Er dopant was 0.5 and 5 % molar, in Ce-
ZrO; and Er-ZrO,, respectively. The optimal composition for Ce and Er doped photocatalysts was
individuated in a previous paper where the activity of the rare earth doped ZrO, was confirmed in
liquid-solid regime for the methylene blue degradation [2]. The samples have been fully physico-
chemically characterized by XRD, Raman, DRS, specific surface area measurement and EPR.
During the photocatalytic 2-propanol oxidation experiments, the substrate concentration decreased
with the irradiation time, linearly for the materials prepared by using the oxynitrate precursor and
exponentially with the samples obtained from the oxychloride. Propanone formation was linear with
the irradiation time. A comparison between the activities of the ZrO,-based solids was done by the
apparent reaction propanone formation rate and were quantitatively higher in the LED irradiated
photoreactor than in the solar one but with the same trends. The most active material was the Ce-
ZrO, obtained from the oxynitrate precursor. Its activity was double than that obtained with the
same material obtained from the oxychloride. The activity of both bare ZrO, and Er-ZrO, was
nearly the same when they were prepared by the oxynitrate. When the precursor was oxychloride
the activity of the bare ZrO, was higher with respect to that of the Er-ZrO, that was the least active
material.
All the samples were active for CO, photo-reduction under solar irradiation giving rise to small
organic molecules (mainly acetaldehyde and traces of methane, methanol and propanone) and CO.
After 24 h of reaction both bare ZrO, samples (from oxychloride and oxynitrate) were the most
active photocatalysts. All the materials prepared by using oxinitrate were more active than those
obtained by oxychloride. After 24 h of reaction the most active powder, ZrO,, gave rise to ca. 35
and 44 umol-g™ of acetaldehyde and CO, respectively.
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Introduction

The degradation of organic pollutants in water by photocatalysis with TiO, has been
addressed by many researches [1]. The photoactivity of TiO, is highly dependent on its crystal
structure and on its ability to generate hole (h*)/electron (e") pairs on the catalytic surface.
Moreover, the modification of TiO, by doping with transition metals has been of great interest to
improve its photocatalytic activity [2]. While this is true, the decrease in recombination rate
between excited h*/e” pairs should not be completely left aside. The catalysts synthesis was carried
out by EISA method [3] and 4-chlorophenol (4CP) was used as model pollutant [4].
Results and Discussion

Characterizations and photoactivity are shown in Table 1. From the results, it can be seen
that the doping could delay the phase transition and inhibit the crystalline growth due to the
incorporation of W and Mo ions in the TiO, lattice. All synthesized samples exhibited only anatase
crystalline phase. In addition, the presence and increased in dopant content into TiO, structure
increased the specific surface area since crystal growth is confined.

Table 1. Textural and structural properties of materials and removal percentages of 4CP.

Sample wt% wt.% Specific Average 4CP 4CP
ID W Mo surface area crystallite size degradation mineralization
(m*/g) (nm) (%) (%)
DW1 1 0 151 7.4 88 69
DW2 2 0 160 8.1 75 53
DW3 3 0 179 6.1 76 48
DM1 0 1 151 8.1 95 65
DM2 0 2 161 8.6 76 50
DM3 0 3 163 7.7 73 41
TiO, 0 0 144 8.6 67 44
P25 0 0 50 32 51 34

All doped samples exhibited higher degradation percentage than pure TiO, and Degussa
P25. Also, the low concentration of dopant was a key parameter to increase the photoactivity, and
this can be attributed to an increase in the lifetime of the photogenerated charges due to that dopant
cations may easily trap electrons decreasing the recombination rate.
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One of the great challenges to sustain modern society is to secure adequate water resources of
desirable quality for various designated uses. In this context, new technologies to alleviate water
shortages play a major role, including providing quality water and new designs for water treatment
facilities as well as re-engineering existing water facilities [1]. Heterogeneous photocatalysis is an
advanced oxidation process (AOP) that is expected to play an important role in the treatment of
wastewater containing recalcitrant organic pollutants [2].

Recently, modified TiO, photocatalysts have been widely researched for environmental water
remediation since they can lead to efficient electron-hole separation and enhance the photocatalytic
properties of TiO, to a large extent [3]. Different reactive oxidative species (ROS) such as O, "
radicals, -OH radicals and positive holes (h*) have been reported as the main oxidants involved in
the photocatalytic degradation processes [4].

In this work, the role of ROS using TiO, and TiO, doped with 0.5 wt.% of platinum (TiO,/Pt)
was examined in order to clarify the oxidative pathways that determine the catalytic activity.
According to this, the contribution of the main oxidative species was analyzed via the
photocatalytic degradation of dichloroacetic acid (DCA) model solutions using different catalysts
and benzoquinone, tert-butyl alcohol and formic acid as specific scavengers of O, radicals, -OH
radicals and positive holes (h"), respectively. Moreover, quantitative determination of the hydroxyl
radicals generated in the photocatalytic processes, using the method developed by Tai and co-
workers [5], were developed in order to obtain a better understanding of the results.

TiO,/Pt catalysts showed better photocatalytic results than bare TiO, due to the increase effect
of platinum in the electron-hole pair life. Platinum has lower Fermi level (Ef) compared to TiO,
therefore, Schottky potential barrier is formed, which can serve as an effective trap where electrons
are unable to flow back to the semiconductor. Hydroxyl radicals were the major reactive species
responsible of DCA degradation and no significant degradation due to O, radicals was observed.
Nevertheless, different -OH generation pathways depending on the catalysts nature were
presumably found. Degradation using TiO, was conducted mainly via -OH radicals generated in the
positive holes, meanwhile TiO,/Pt catalysts generated -OH radicals trough positive holes and O~
transformation.
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Modified photocatalysts based on TiO,, which have a higher activity under the visible light
can be prepared by metals or sensitized dyes (absorbing visible light) doping. The application of the
modified photocatalyst gives possibility of efficient use of sunlight, without generating additional
pollutants [1, 2, 3]. TiO, is the most promising photocatalyst particularly modified with metal such
as: Pt, Au, Pd, Ag are able to act as electron trapper and to prevent electron—hole recombination.

The paper presents the results of some preliminary studies of photocatalytic conversion of
organic material (glycerol) to hydrogen. The investigation was focused on proper selection of
catalysts and on the search for the optimum conditions of the photocatalytic process using TiO,
doped with platinum or palladium (0.1, 0.5, 1 wt.%). Photocatalysts were obtained by the
photodepostion method. The photocatalysts were characterized by scanning electron microscopy
(SEM) with EDX (Quanta FEI 200F, Oxford Instruments X-Max50), X- ray powder diffraction
analysis (XRD), BET surface area measurment and X- ray photoelectron spectroscopy (XPS).The
effect of irradiation intensity was achieved by using xenon lamp, the power of 100 W. Gas product
was analyzed by gas chromatography. The highest efficiency of hydrogen production (269,13
mmol/g of catalyst-h) was obtained for Pd doped TiO,. The production rate of hydrogen depended
on catalyst concentration, the amount of the noble metal in the catalysts and the concentration of
glycerol. Additionaly was tested photodegradation for a mixture of three parabens photodegradation
such as methylparaben (MP), ethylparaben (EP) and benzylparaben (BeP).
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Broad utilization of non-renewable resources causes large contamination of the atmospheric
environments due to raising detrimental emission gasses, such as nitrogen oxides (NOx), sulfur
dioxide (SO,) and volatile organic compounds (VOCs).

Despite the high photocatalytic activity, enduring photostability, and non-toxicity to chemical
environment, pure TiO, photocatalysts can only be activated under ultra-violet (UV) light
illumination due to it is wide band gap structure. This makes TiO, absolutely inactive for indoor
air abatement; however, it can be modified for absorption of visible wavelengths via tailoring of
the band-gap energy.

In this present work, we have designed heterogeneous WO3-TiO, based photocatalysts which
have demonstrated high photocatalytic activity under visible light (VL) illumination. The WOs3-
TiO, co-catalysts were synthesized by the simple impregnation method and Cu(ll) and Fe(lll)
nanoclusters have been grafted on the surface of the photocatalyst, accordingly. As a case of study,
the synthesized photocatalysts have been characterized by using x-ray powder diffraction (XRD),
UV-visible Diffuse Reflectance Spectroscopy and BET specific surface area determination. The
evaluation of photocatalytic activities has been examined by monitoring the consequent
degradation of organic and inorganic model compounds like nitrous oxide and acetaldehyde under
UV and VL irradiation, according to international 1SO standard tests (1S022197-1 and 1S022197-
2). Concerning the photonic efficiency the highest photocatalytic activity has been observed at 2.5
wt% WOj3 (500°C, pH~2) and 0.05 wt% Fe(Ill), nanocluster grafted TiO, owing to enhanced
separation and transfer of photogenerated charge carriers under VL (A=458nm) illumination. In
order to understand the photocatalytic mechanistic, electron paramagnet resonance (EPR)
spectroscopy and flat band potential (Mott-Schottky method) measurements have been extensively
investigated.

Consequently, the results explicate that the WO5 act as electron sink that would transfer excited
electrons to the surface grafted nanoclusters. These may suppress the recombination of
photogenerated charge carriers significantly, while the photogenerated holes on the valence band
of TiO, and WO3 can easily oxidize the pollutants.
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Since irradiation in the visible spectrum corresponds to 46% of the total irradiation emmitted by the
sun, there is a tendency to study and sythesize new photocatalysts that promote efficient use of solar light.
It is known that semiconductors based on Fe/Nb oxides present a spectral photosensitivity that includes a
large part of the visible range of the solar spectrum, showing high photocatalytic activity [1,2]. Currently,
the main challenge is the absence of a technical protocol for the synthesis of Fe/Nb photocatalysts with
optimum activity. The purpose of this work is to elaborate a synthesis route to produce photocatalysts
based on Fe and Ni oxides for the application in solar heterogeneous photocatalysis. For this purpose,
different sythesis routes were tested and compared as according to photocatalysts characterization and
solar photocatalytic activity. Among the 10 photocatalysts produced through different routes, four of them
showed >90%removal efficiency of methylene blue (MB) (Table 1). Photocatalyst R2-A presented disirable
association between its properties and its solar photocatalytic activity. This is an interesting result taking that R2-A
was synthesized through an innovative route in which UV irradiation was performed before co-
precipitation. Samples treated by C1, C2 and R2-B showed complete visual color removal, and no dye
impregnation was observed in the material after reaction. Alkaline character and presence of Fe oxides in
their composition distinguish them from the other phtocatalysts produced in this study and may be
considered as factors that indicate a differentiated mechanism of MB degradation.

Table 1. Solar photocatalytic degradation of MB (exposure time, accumulated solar radiation, visual aspect of the samples,
reaction pH and contribution of solar photocatalysis, photolysis and adsorption processes to total effciency).

Exposure Accumulative solar MB
time (min) _irradiation (kJ.LY)  photolysis - €2 C C4A C4B CSA L CSB - RL R2A R2B

o - 09900 0CeeHd
& A N N N N N N N N N N
. = 00000000 ® 00
120 57.31 > @ Q.!?x (a\ (; ) © . S

pH 501 1000 1069 470 510 518 518 528 557 636 1051

EsoL (%) 77 94 86 85 81 83 87 85 93 95 93
Enaps (%) - 27 27 6 3 5 11 14 29 28 35

Efficiency of: solar photocatalysis (Esg,); photolysis (*); adsorption (Eaps).

—MB

Meanwhile, R1 and R2-A, which also 151 Photoyse
showed excellent performance, presented a reaction e
mechanism similar to that observed for other 10 A

——C5-A

—C5B

—R1
R2-A
R2-B

catalysts (C3, C4-A, C4-B, C5-A and C5-B).
It was verified that Fe/Nb,Os ratio, reaction

pH, chosen precipitating agent, aging time, presence/

absence of washing stage, and calcination temperature

and time showed an impact on the properties and —

performance of photocatalysts. Thus being considered Fig. 1.Absorption spectrum of solar photocatalysis.

as the most relevant parameters of synthesis.
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One of the main drawbacks of the photocatalytic process is the high consumption of energy.
Moreover, mercury fluorescent lamps, which have been traditionally used to supply the UV-A light
necessary for these processes, provide a low conversion of the electrical energy input into useful
light. The recent availability in the market of UV LEDs has produced a revolution in the field, with
an exponentially growing number of publications reporting photocatalytic applications based on
LED light sources. They offer several advantages over classical incandescent and conventional
mercury discharge lamps, offering a higher energy efficiency, a longer lifetime, easily adaptable
output, instant on-off and tunable wavelength [1]. Moreover, the use of LED flexibilizes
significantly the reactor design, not being constrained by the tubular shape of mercury lamps.
However, the use of LED also introduce important changes in the light distribution achieved inside
the reactor. In this study an exhaustive comparison of three different UV-A sources (a mercury
fluorescent lamp, a 8 LED based system and a 40 LED based system) with different light
distribution has been carried out. Theoretical distribution of the light was modeled in Ansys Fluent
v14.5 using the discrete ordinate method following the procedure described by Casado et al [2]
(Figure 1a). In order to evaluate the photonic efficiency of each system, the photocatalytic oxidation
of methanol to formaldehyde was used as model chemical reaction, whereas E. coli was selected as
model pathogenic microorganism for disinfection applications. In the case of the methanol
oxidation, the results show that a homogeneous distribution of the light allows achieving a higher
photonic efficiency that. The diffuse and uniform emission of the fluorescent mercury lamp
partially compensates its lower energy efficiency in the electricity to light conversion, leading to
comparable results in terms of reaction rate per comsumed kWh (Figure 1 b). This fact can be
explained taking in consideration that electron-hole recombination is enhanced in the areas of the
reactor with higher radiation intensities. On the opposite, for bacterial inactivation the existence of a
non-uniform radiation field with regions of the reactor with very high intensities seems to enhance
the efficiency of the process.
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Figure 1. a) Radiation field modeled by Ansys Fluent , b) Reaction rate of methanol oxidation vs
power consumption.
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Zeolites have properties that make them very promising materials to be employed as
supports in the preparation of photocatalysts. The success of a photocatalysis reaction strongly
depends on the method of incorporation of the active phase in the zeolitic support. Thus, in this
work, 20% TiO, was incorporated in ZSM-5 zeolite by solvent reflux impregnation (TiZ-ref) and
sol-gel (TiZ-sg) methods, both using titanium isopropoxide IV (97%, Sigma Aldrich) as precursor,
at inert atmosphere. As an alternative method, commercial TiO, (99.5%, Sigma Aldrich) was
incorporated by the simple physical deposition method (TiZ-dep). The incorporation method
strongly influenced the final physical-chemical properties of the catalysts obtained. By the X-ray
diffraction analysis it was observed that the TiZ-dep showed wider and higher intensities Ti peaks,
indicating higher sizes of titanium crystallites present on the zeolite surface than in the TiZ-ref and
TiZ-sg samples. It is probably that in solvent reflux impregnation and sol-gel methods, TiO, was
main formed inside the zeolitic channels and it was not present in big of surface agglomerates.
ZSM-5 was responsible for preventing and controls the growth of the crystallites of the active
phase, as also observed by Yang [1]. The results of MEV-EDS and textural analysis agree with
those of XRD, showing a higher titanium agglomeration on the surface of the TiZ-dep sample and a
smaller specific area when compared with TiZ-ref and TiZ-sg samples. However, by the analysis of
photoacoustic spectroscopy, the samples TiZ ref and TiZ_dep showed very similar band gap
energies of 3.22 eV and 3.18 eV, respectively. For the determination of the best method of titanium
incorporation in the zeolite, a photocatalytic degradation study in situ was carried out using methyl
orange as a model molecule. 3 mL of 3 ppm solution, pH 3 and 0.5 g.L™ of catalyst, were placed
into a cuvette. As a source of radiation, a UV-LED (5W) was placed on the top of the cuvette.
Continuous monitoring was performed using a Cary-50 UV-Vis spectrophotometer for 12 h of
reaction. For the kinectic curves analysis, the absorbances at 505 nm were corrected for those of the
baseline in the 800 nm. The TiZ-ref and TiZ-dep samples showed total degradation of the model
molecule. This degradation was achieved at 500 min for the TiZ_ref catalyst and at 450 min for the
TiZ_dep. Both catalysts had a pseudo-first-order kinetics with velocity constants of 0.0041 min™
(R? = 0.9955) and 0.0047 min™ (R? = 0.9925), respectively. The TiZ_sg photocatalyst did not reach
total degradation (only 60%), however, it also showed a pseudo-first order kinetics with a velocity
constant of 0.0014 min® (R? = 0.9921). It was observed that the alternative method using
commercial titanium dioxide, with a simpler synthesis methodology, showed very similar results to
the solvent reflux impregnation method, which presents a more complex synthesis methodology,
since it requires an inert atmosphere for the manipulation of titanium isopropoxide.
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In order to verify the effect of the oxides mixture TiO,/Nb,Os and ZnO/Nb,Os on the
photocatalytic activity of TiO, and ZnO pure, the heterojunction of the catalysts was performed by
mechanical mixing in the ratio of 50% (w:w) with granulometry between 0.150 and 0.300 mm and
calcination at 500°C for 5h. The mixed catalysts were characterized by adsorption/desorption
isotherms of Ny, photoacoustic absorption spectroscopy (PAS) and zero point of charge (pHz,c) and
were named as follows: Ti/Nb-500 and Zn/Nb-500. The mixed catalysts were applied in the
photocatalytic degradation of textile effluent and the photoactivity was evaluated under optimal
conditions of pH 3.0 and catalyst concentration of 0.250 g L™ according to the methodology
described in (1).

Table 1 Characterization of the catalysts.

Sgetd V,° V. d.g [ hy
Catalyst M ¢ (10% e’ g 10%emeY)  (nm) V) (m)  PHae
Ti-500 11.40 5.95 0.29 10.44 3.30 376 6.93
Zn-500 7.42 1.61 0.14 4.33 3.24 383 8.30
Ti/Nb-500 69.66 8.31 1.34 2.39 3.25 382 4.22
Zn/Nb-500 58.98 6.18 1.36 2.09 3.14 395 7.45

3BET surface area calculated from the linear part of the BET plot (P/P, = 0.05 — 0.35); "Total pore volume; “Micropore
volume; “Average pore diameter; *Band gap energy obtained by PAS.

The mixture between the oxides promoted a significant increase in the textural properties
(Table 1) when compared to the pure oxides as also reported by (2). The mixed catalysts showed an
increase in specific surface area of 83.6% for Ti/Nb-500 and 87.4% for Zn/Nb-500. The total pore
volume increased about 5 fold for ZnO catalyst in the presence of Nb,Os. From the mixture with
Nb,Os there was a reduction in the pH,,c. The photocatalytic activity was evaluated in terms of the
absorbance reduction at 660 nm (textile effluent Ama) and COD reduction. The mixed catalysts
showed an increase in the efficiency in terms of absorbance reduction about 11% in the presence of
Ti/Nb-500 and 26% for Zn/Nb-500, when compared to pure oxides. The heterojunction promoted
an increase in COD reduction of 50.28 and 70.46% for pure catalysts Ti-500 and Zn-500 to 69.20
and 80.57% from the mixture of oxides with Nb,Os, respectively. The heterojunction improved the
photocatalytic performance of pure oxides due to the synergistic effect that promotes a decrease in
the recombination rate and an increase in the lifetime of photo-generated electron-hole pair.
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Methyl orange dye, i.e. sodium salt of 4-dimethyl aminoazobenzene-4-sulfonic acid, is an azo
compound used as a pH indicator and dominantly as a dye in the textile industry. The wastewaters
produced during dyeing and finishing operations are highly colored with low biodegrability beeing
simultaneously contaminated by many other ionic species [1]. Heterogeneous photocatalysis is one
of the AOPs which has been widely investigated and used for degradation of the organic pollutants
in textiles wastewaters [2,3]. Thus the present contribution concerns the influence of some
inorganic salts on (i) methyl orange adsorption on the catalyst surface and (ii) its photocatalytic
degradation.

The UVA-LED photocatalytic experiments were carried out in a batch mode dispersion type
reactor with Degussa P-25 titanium dioxide as a photocatalyst. The LEDs used for the study were
high-power mosaic array UV chipsets consisting of 12 UV LEDs (model CBM-120) from Luminus,
USA, having a peak wavelength of 365 nm and a spectrum half-width of 10 nm. The optical output
of a LEDs was 6.5 W.

Various carbonates and bicarbonates (sodium, potassium and ammonium) were selected as
additives at different concentrations and at different pH’s to determine the impact of their presence
on the sorption as well as on the photocatalytic treatment. Decomposition of model dye molecules
was monitored by means of spectrophotometry, total organic carbon analyses (TOC), chemical
oxygen demand (COD), and zeta-potential measurements. The COD, TOC and spectrophotometric
data provided a description of the thermodynamics and Kinetics of the dye degradation process,
while electrokinetic measurements allowed assessment of the nature of internal interactions. The
results indicated significant dependence of both reaction rate and catalyst zeta potential on pH, dye
concentration and addition of inorganic carbon compounds. The possible photocatalytic
mechanisms were also discussed in terms of the radical production and sorption and charge induced
effects.
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Drugs like antibiotics has received special attention in environmental studies, since they are often
detected in sewage treatment plants (STP) and water treatment station (WTS) [1] [2]. The contamination is
still more worrying, because conventional treatments fail to remove antibiotics and other drugs in the water
and wastewater [1] [2]. The waste of these compounds, although metabolized, can contaminate the aquatic
systems, favoring the development of resistant bacteria and production of toxic compouds in aquatic and
terrestrial organisms [3].

In this work, the photolytic removal under UVB radiation (A = 315 nm) of the antibiotic
sulfamethoxazole (SMX) was studied and the ecotoxicity of the wastewater after treatment was evaluated.
The tests were conducted in batch reactor of 250 mL at 25° C + 2, for concentrations of 100, 500 and 1000
ng.L™ ,named A, B and C respectively at natural pH (6.8). For toxicity and phytotoxicity tests, it was used as
bioindicators the Artemia salina microcrustaceous and seeds of Lactuca sativa (lettuce). Analysed
parameters were: mortality of A. salina, with the determination of the lethal concentration for 50% of the
population (Lc50), calculated by regression analysis, for the toxicity testing [4]; and, the germination and
radicle growth inhibition of seeds of |. Sativa for the phytotoxicity test [5]. Concentration of SMX and
effluent samples after the photocatalytic process were evaluated by HPLC.

After 2:00h of reaction under UVB radiation, the removal of SMX was 49.4%, 38.4% and 72% for the
treatments A, B and C, respectively. Intermediated compounds were formed and detected by HPLC, but have
not been identified yet. In relation to bioinicador A. salina, it was found that the higher the removal of SMX,
the greater was the sample toxicity generated on photolysis UVB. The SMX presented Lc50 of 506.62 mg.L
! while the final sample of photolytic process proved to be more toxic than the original compound, showing
Lc50 values of 254.05, 500.08 and 133.83 mg.L™ treatments A, B and C, respectively. The process of
photolysis using UVB radiation can reduce the SMX, but byproducts formed increased the toxicity of the
final sample for A. salina. For low concentrations (A), no significant effects were observed on the
germination and root growth of seeds of I. sativa. However, high concentrations (B and C), presented
phytotoxic potential on germination and inhibit root growth of seeds of 1. sativa. The fotolitico process
proved to be efficient in reducing the SMX, but the effluent generated presented potential toxic effects
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Semiconductor photocatalysis is one of the most proficient methods in the field of Advanced
Oxidation Processes (AOPs) for environmental remediation, especially for the removal of emerging
pollutants in aqueous environment [1]. Titanium dioxide (TiO,), despite its high efficiency, is
characterized by high electron/hole recombination rates which strongly decrease its performance as
a photocatalyst. Recently, mixed composites attracted much attention as advanced systems able to
promote the photocatalytic efficiency [2]. Actually, the creation of semiconductor heterojunctions
or doped photocatalysts with superior activity under visible light may significantly affect the
pollutant degradation pathway, thus influencing the capability to obtain non-hazardous reaction
intermediates and/or high mineralization degrees [3].

In the present work, the photocatalytic degradation of an emerging pollutant, tetracycline
hydrochloride, belonging to the class of pharmaceuticals and personal care products (PPCPs) was
performed by sol-gel synthesized TiO,, N:TiO, and (Sn/Zn, N):TiO, doped and codoped systems
(Fig. 1). Samples were tested under both UV and simulated solar light. Moreover, different Sn/Ti
and/or Zn/Ti ratios (0, 5 and 20 %) were used in order to obtain different proportions among the
guest and host species. Moreover, the effect of different thermal treatments (a calcination at 400°C
or a hydrothermal procedure in autoclave) on the photocatalytic performance and the heterojunction
features were investigated.

All synthesized samples were characterized by structural, morphological and optical point of
view exploiting HR-TEM, XRPD, DRS and BET analyses revealing strong modifications of the
physicochemical features upon guest species introduction. Further, in order to comprehend the
effect of the different composites on the tetracycline degradation pathway, GC-MS analyses were
performed; different reaction intermediates will be identified and the results will be interpreted in
the light of the electronic structure and the physicochemical properties of the mixed systems.
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Fig. 1: Tetracycline disappearance and mineralization degree of a representative sample.
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Emerging contaminants have become fashionable and trendy research in recent years. They
are new compounds or chemicals without regulatory status whose effects on environmental and
human health are unknown. Some of them are Endocrine Disruptors (EDs), a group of emerging
contaminants plenty of interest because of their potential biological activity interfering the
hormonal system [1]. Investigations of anthropogenic contaminants in fresh- and wastewater have
shown a wide variety of undesirable organic compounds [2]. As a result, drinking and wastewater
treatments using innovative technologies to remove those organic compounds are required. The aim
of this work was to study the efficiency of ZnO as a photocatalyst under solar irradiation for
environmental remediation of wastewater polluted with different EDs (bisphenol A, bisphenol B,
diamyl phthalate, butyl benzyl phthalate, methyl p-hydroxybenzoate and ethyl 4-hydroxybenzoate).

The photocatalytic process was previously optimized in distilled water under laboratory
conditions using a photoreactor equipped with UVA lamps. Catalyst loading (ZnO), effect of the
electron acceptor (Na,S;0g) and pH were studied. In a second stage, the photo-assay with EDs
spiked around 0.3-0.4 mg L™ of each in wastewater effluent was carried out at pilot plant scale
using sunlight during July 2016 in Murcia (SE of Spain). The photocatalytic activity was evaluated
by monitoring the EDs oxidation during a photoperiod of 240 min. The EDs were quantified by
GC/MS in SIM mode.

The results obtained at pilot plant scale using the tandem ZnO/Na,S,0g showed significant
degradation of the EDs with half-lives ranging from 1 to 69 min for bisphenol A and diamyl-
phthalate, respectively, following single first order Kkinetics. The estimated optimum ZnO
concentration was 200 mg L™ and the addition of Na,S,0g (250 mg L™) enhances the reaction in
comparison with the photolytic test and ZnO alone. The efficiency of ZnO to remove EDs has been
demonstrated due to its specific properties, such as spectral response in UV region, high electron
mobility, wide band gap, and large excitation energy. As a result, solar photocatalysis using the pair
Zn0O/Na,S,0g can be considered as an environmental-friendly technique for water detoxification
and a sustainable technology for environmental remediation, especially in Mediterranean Basin,
where many places receive more than 2800 hours of sunshine per year on average.
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Annually there are spills of oil and its derivatives into the environment, reaching the soil and
water. In Brazil, besides the economic purpose, the biodiesel has been used along with diesel oil in
order to reduce the emission of polluting gases. This study reports the investigation of the
photodegradation of biodiesel (B100) in contact with water under irradiation with mercure vapor
lamp using the catalysts TiO,/H,O, in comparison to goethite/H,O,. The determination of the best
biodiesel photodegradation conditions using the catalysts was fitted to a quadratic polynomial
model using response surface methodology (RSM) to optimize the parameters (1). After that, it was
monitored the photodegradation process for 504 h (21 days) by analyzing aliquots at various
periods of time in terms of the oils and greases (OG) (2), fatty acid methyl ester (FAME)
concentration as determined using gas chromatography coupled with flame ionization detection
(GC/FID) (3), ecotoxicity assays with Artemia salina, chemical oxygen demand (COD) and total
organic carbon (TOC). The optimized values for the three variables analyzed for TiO2/H,0, sistem
were: TiO, concentration = 100.0 mg L™, H,0, concentration = 17.47 mmol L™ and pH = 3.22. For
goethite/H,0, sistem were: goethite concentration = 729.0 mg L™, H,0, concentration = 23.71
mmol L™ and pH = 2.60. It was used the two systems to carried out the B100 photodegradation up
to 504 h, obtaining aliquots at various periods of time to analyze the aqueous phase and the organic
phase. A reduction estimate of FAMEs submited to base-catalyzed hydrolysis was at least 3 years
(1095 days) (1) while after photocatalytic treatment using TiO»/H,O; it was reduced to 33.54% of
FAMEs in only one day and 29.65% of FAMESs reduction using goethite/H,0,. TiO, was the more
efficient catalyst compared to goethite, since the concentration required was7 folds lower than the
goethite to achieve 4% more of degradation in one day of treatment. The ecotoxicity assays with
Artemia salina revealed the presence of toxic compounds in the aqueous phase to goethite/H,0,
treatment (LCso = 156.0 mL L'l) after 504 h of treatment, while for TiO,/H,O, was not identified a
significant value of LCso. It was observed that the photodegradation was fast at the beginning and
slow at the end of the process because it to fit in the pseudo-second order model, that is coherent
since the beginning of the process in which occurs *OH attack to the hydrogens more easily
captured, those in the allylic and bis-allylic positions and when the unsaturations of the FAMEs
aliphatic chains become scarce a decrease occurs in the speed of the reaction.
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For any photocatalytic processes, the large surface area is one of the most important property.
With respect to TiOz2, the most known and used photocatalysts, anodic oxidation and hydrothermal
synthesis are the most common used methods to growth TiO2 nanotubes in order to increase the
available area [1]. Currently, there is a lack of studies were the resulting materials of these methods are
compared. For this reason, the present study will compare three types of TiO2 nanotubes obtained using
different synthesis methods: hydrothermal method using Ti foils as precursor, electrochemical
anodization and hydrothermal with powder TiO2-dip coating [2][3]. Properties such as adhesion-
stability, ease to support on other materials, morphology and structure and photocatalytic performance,
among others are include in the comparative study. Characterization techniques included were DRX,
SEM, RAMAN, Scotch Test and BET. Photocatalytic test were performed under UV light and methyl
orange dye degradation was choosen. For electrochemical anodization method, titanium foils were 0.89
mm in thickness and ethylene glycol containing fluorine ions (0.8, 1 and1.2 wt% NH4) and 10 wt%
water was used as electrolyte while voltage and anodization time were 15, 20, 30 V and 1, 2, 25 h
respectively. On the other side, samples corresponding to hydrothermal synthesis were prepared using
commercial TiOz as precursor (1,6 and 2,9 g), 10M NaOH solution and temperature of 130 and 180 °C.
The powder obtained was deposited on Ti plates using the dip-coating technique with ethanol-ethylene
glycol-polyetyleneglycol as solution and varying the among of TiO2 and number of deposition cycles.
After the deposition, the samples were calcined at 400 °C. Finally, Ti foils were submerged in 5, 10 and
13 M NaOH solution in an autoclave for 24 h at 160 and 180 °C.
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Carbon monoxide is a major concern for environmental protection. It can be considered as
either a primary pollutant from different emissions or a secondary pollutant resulting from the
partial (photo)oxidation of VOCs. CO is poorly photooxidized on the pure TiO, photocatalyst. One
of the reasons for that is a weak adsorption of CO and oxygen on TiO, surface at ambient
conditions [1]. The deposition of metallic nanoparticles (e.g., Pt, Pd, Au) on the TiO, surface can
provide reactive sites for CO photocatalytic oxidation [2].

A key factor for producing a highly active catalyst is the method for metal deposition. The
decomposition of metal-organic precursors (e.g., Pd(acac),) is a good method for deposition of
metal nanoparticles with a very small size and narrow size distribution on the surface of various
supports.Thus, the aim of this study was to prepare TiO, photocatalysts supported with Pd
nanoparticles and to investigate the synthesized photocatalysts in CO oxidation at ambient
conditions.

The 0.05-4 wt.% Pd/TiO, catalysts were synthesized by the impregnation of TiO, Hombifine
N from Sachtleben Chemie GmbH (Germany) with a certain amount of Pd(acac), dissolved in
acetone followed by the photodecomposition or thermal decomposition of adsorbed Pd(acac),. In
the former case, the sample was irradiated using a high-power UV-LED (365 nm) for 12 hours. In
the latter case, the sample was calcined in air at 210, 250 or 310 °C for 3 hours. The kinetic
experiments for CO oxidation were perfomed in a static reactor both in the absence and presence of
UV irradiation. The effects of several parameters including UV or thermal sample pretreatment, the
calcination temperature, and the metal content on the (photo)catalytic activity were studied.

For all the catalysts, the rate of CO oxidation
under UV irradiation was much higher (up to 3.5 times)
than the rate of its oxidation without UV irradiation that
confirms the photocatalytic oxidation of carbon
monoxide. One of the most important results is that the
photocatalytic rate for CO oxidation was monotonically
increased as the Pd content was increased from 0.05 to
4 wt.% (fig.1).

TEM and XPS methods were used to explain
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Introduction

The textile industries work with dyes that are toxic and have potential carcinogenic and
mutagenic properties. Convencional remediation methods of dyes, such as adsorption and
biodegradation, simply transfer the pollutant from one phase to the other without offering a
permanent solution [1]. In that perspective, heterogeneous photocatalysis stands out as a method of
clean and promising treatment for decontamination of industrial effluents, because it does not
produce solid waste and has high efficiency in decomposition of recalcitrant organic materials,
promoting the mineralization [2]. With this background, in this work, Titanium and Zirconium
oxides were evaluated as photocatalysts in the treatment of effluents from the textile and tannery
industries after optimization of reaction parameters by means of surface analysis methodology.

Methods

Perovskite-type materials were synthesised by the polymeric method and characterised.
Reaction parameters were optimized by surface analysis methodology on the degradation of
methylene blue under UV radiation. After optimization, real textile and tannery wastewater were
treated and the toxicity reduction was evaluated.

Results

At optimized conditions (pH=10 and 1 gL of catalyst concentration), the results obtained for
the photodegradation of the real wastewater after 240 min of irradiation were: 87% of color removal
for the textile effluent and 74% for the tannery effluent; and 45% of COD reduction for both
effluents. The reactions were adjusted to the pseudo first order kinetic and the rate constants were
2.07 x 10° (min™) and 2.23 x 10° (min™) for COD reduction for textile and tannery effluent,
respectively.
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Mixed oxides with perovskite-type structure are multifunctional and versatile materials, that
can be tailored by changing the chemical species involved in the formula. Strontium ferrate
(SrFe0O3)-based compounds have been already investigated for different applications such as
sensors [1], catalysts [2] or electrocatalysts for energy devices [3]. They were also applied as
photocatalysts for polluted aqueous solutions treatment under UV-vis or solar light irradiation.
Their photoactivity was mainly ascribed to the formation of reactive oxygen species (ROS) which
can degrade organic substrates, but a similar behaviour in dark conditions was also reported [4].

In the present work, for the first time, a Ce-doped strontium ferrate (Sro gsCeo15FeO3, SF) was
investigated both as photocatalyst and catalyst in dark environment. The compound was prepared
by solution combustion synthesis as described in a previous paper [3] and characterized by several
techniques (temperature-time profiles, X-ray diffraction with Rietveld analysis, N, adsorption, {
potential measurements, scanning and transmission electron microscopies).

The SF catalytic behavior was investigated following the degradation rate of Orange Il and
Rhodamine B in aqueous solutions in the presence of SF, under simulated solar light irradiation or
at different temperatures. In order to get insight into the degradation mechanism, dyes degradation
trials were performed in the presence of an *OH scavenger and the formation of ROS in different
experimental conditions was investigated by spin-trapping electron paramagnetic resonance
technique.

SF showed both photocatalytic activity and a temperature-dependent catalytic behaviour in a
very narrow low-temperature range (55-80°C). Reaction rate constant for Orange Il abatement was
enhanced and an increment of *OH production was observed by increasing the temperature.
Significantly lower levels of photobleaching together with a significant adsorption phenomenon
were observed in the Rhodamine B abatement, without any correlation with the temperature.

In conclusion, it was found that excitation modes, generated ROS and catalyst surface/dyes
interactions represent interconnected and determining parameters that can be finely regulated for
tuning the activity and the selectivity in the substrate attack.
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PbMo00,/BiVO, heterojunction photocatalysts have been prepared by hydrothermal method.
The material were characterized by X-ray diffraction (XRD), BET method, reflactance diffuse
spectroscopy (DRS) and scanning electron microscopy (SEM). The crystallinity degree, surface
area, band gap and photocatalytic activity of samples greatly changed depending on amount of
PbMoO,. The photocatalytic activity of the PbMoO,/BiVO, was evaluated by the photodegradation
of tetracycline (TC) under simulated sunlight irradiation. An enhancement in photocatalytic activity
for the PbMoQO4/BiVO, at 3%wt, increased almost six times than the pure PbMoO, [1] and
BiVO,[2]. Radical scavengers were tested in order to detect highly reactive oxygen species (hROS)
to investigate the degradation kinetics, and to study the possible degradation pathway[3-4]. The
reusability of PbMoO,/BiVO, photocatalyst was tested in four cycles of photodegradation process.
The total organic carbon (TOC) analysis of samples irradiated revealed that mineralization of
organic compounds by the action of PbMoO,/BiVO, was feasible in TC (70%) after 48 h of
simulated sunlight irradiation. The photocatalytic results indicated that the PbMoO./BiVO,
heterojunction photocatalysts can be promising in the antibiotic degradation from aqueous solution
under simulated sunlight irradiation.
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In heterogeneous photocatalysis, synthesis and application of TiO,-graphene oxide and TiO,-
reduced graphene oxide composites are gaining attention in order to minimize the main drawbacks
of bare TiO, , i.e., activity limited to the UV range and low quantum yield due to a high
recombination rate of photogenerated charge carriers. These composites have demonstrated to
significantly increase the photocatalytic activity due to the interfacial electron transfer between the
two materials. Moreover, the higher adsorption capacity of graphene/graphene oxide for organic
pollutants and the activity of TiO,-graphene oxide under visible radiation are important aspects to
be considered [1]. On the other hand, the combination of ozone and heterogeneous photocatalysis
(photocatalytic ozonation) is a very efficient process in which ozone acts as an electron acceptor
thus minimizing the recombination rate, and providing new pathways of reactive oxygen species
generation [2]. In these applications the stability of the materials is crucial. Although some studies
about this aspect in photocatalytic treatments have been publised [1], the information about their
stability in the presence of ozone is scarce [3]. Hence, the present work has focused on the
preparation of different TiO,-graphene based catalysts and the analysis of their behaviour on
different ozonation conditions, in order to study their activity and stability during the photocatalytic
ozonation process using DEET as a model compound.

Different TiO,-graphene materials were synthetized by solvothermal treatments with P25 as
TiO; source and obtaining graphene oxide by modified Hummers‘ method [1]. Photoactivity was
evaluated using a solar simulator (Suntest CPS, Atlas) equipped with a 1500 W Xe lamp provided
with an UV cut-off filter (\>390 nm, irradiation intensity 550 W-m2). A borosilicate glass round
reactor of 0.5 L with unbuffered ultrapure water doped with 15 mg-L™ of DEET was set in the solar
simulator chamber and continuously fed with a mixture of O3/O, (10 mg-L™ ozone) at a flow rate of
15 L-h™. Evolution of DEET, dissolved ozone, hydrogen peroxide, total organic carbon (TOC) and
short-chain organic acid concentration with time was analyzed and the stability of the catalysts
studied in the same experimental set up in ultrapure water. For this purpose, different
characterization techniques (TEM, XRD, TGA-DTA, XPS, N, adsorption) were applied to study
the degradation of the materials during ozone treatments. The best performance was obtained with a
TiO,-graphene composite (4% graphene) which did not show a significant loss of graphene content
after ozonation although the oxidation of graphene took place to some extent.
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Photocatalysis has been applied as a promising technique for decontamination, purification
and deodorization of air and waste waters. A large amount of obdurate pollutants in water are
difficult to deal by applying conventional water treatment methods. It should be stressed that
photocatalytic processes represent practical and attractive tool in the decontamination of wastewater
for renewable use. The La/TiO, photocatalysts with various amounts of La and parent TiO, were
prepared unconventionally, combining the sol-gel method with high-pressure treatment by
pressurized and supercritical fluids. All the nanocomposites were characterized by nitrogen
physisorption, diffuse reflectance spectroscopy, X-ray powder diffraction, Raman spectroscopy and
photoelectrochemical measurements. Their performance was investigated for photocatalysis in
liquid phase for CH3;OH photocatalytic decomposition for the first time. The photocatalytic
decomposition of CH3;0H was realized in a homemade stirred batch reactor (volume 355 ml) with a
suspended La/TiO, photocatalyst illuminated by the UV 8 W Hg lamp (peak light intensity at 365
nm wavelength) situated on the top of the quartz glass visor (Fig. 1). The shell of reactor was made
of stainless steel and magnetic stirrer at the bottom provided ideal mixing. The investigated powder
composite was suspended in 1 M CH3OH solution. These results are suggesting It has been
suggested that higher activity over La-doped TiO, under UVA irradiation could be associated with
the suppression of the electron/hole recombination by La®** dopant cations and the subsequent
generation of a higher number of *OH radicals by the surface trapping of excess holes.

Fig. 1 Photoreactor for photocatalytic decomposition of methanol
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In our recent study [1] we demonstrated that rutile titanium dioxide possessed high
photocatalytic efficiency due to the surface anchored peroxo groups. Their formation was only
observed when a specific ratio of the reactants was applied (Ti(OC4Hg)4:H,0,:HCI:H,0=1:2:3:50).

Based on the above-mentioned method, in the present study anatase titanium dioxide
photocatalysts were synthesized by a facile, sol-gel method with the addition of hydrogen peroxide
at a controlled pH, at low temperature. The structural and optical properties were investigated by X-
ray diffraction (XRD), diffuse reflectance spectroscopy (DRS), and X-ray photoelectron
spectroscopy (XPS). The photocatalytic activity was determined by the degradation of phenol under
visible light irradiation (A > 400 nm). Commercial Aldrich anatase and Evonik Aeroxide P25 were
used as reference photocatalysts.

XRD results pointed out that the synthesized titania contained mainly anatase phase (d = 8
nm). First order derivative of DRS spectra showed greatly enhanced visible light excitability.

Photocatalytic measurements revealed that self-made anatase TiO, had the Dbest
photocatalytic performance exceeding the photocatalytic activity of Evonik Aeroxide P25 and
Aldrich anatase as well in case of visible light irradiation.

For the interpretation of enhanced visible light activity further characteristic properties and
surface features were investigated in detail.
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Nanocomposite materials fabricated from TiO, and different carbon allotropes (C) have
gained popularity in water treatment applications due to the synergistic properties of the TiO, and
the carbon materials. A simple sol gel technique was used to synthesise hybrids of TiO, and carbon
black (CB), multi-walled carbon nanotubes (MWCNT) and carbon nanofibres (CNF) for visible
light photodegradation of a model dye (Acid Red). The materials were characterised by FTIR,
Raman Spectroscopy, UV-Vis, SEM, EDS, XRD and XPS measurements. Presence of carbon
materials increased the surface area of the hybrids in which anatase TiO, was the dominant phase.
Raman analysis confirmed the presence of TiO, and the carbonaceous materials in the
nanocomposites. A red shift in the absorption edge of the hybrids motivated the use of low energy
visible light to activate the materials. Evaluation of the hybrids for the visible light photocatalytic
degradation of Acid Red dye indicated an enhanced dye removal performance for
TiO/MWCNT/CNF (96.2%) compared to TiO, (75.2%) after 2 hours of visible light irradiation.
The degradation kinetics followed the Langmuir-Hinshelwood model and an apparent rate constant
of 2.89x102 min™ was calculated for TiO,/MWCNT/CNF. TiO,/C hybrids are promising materials
for visible light photocatalytic degradation of organic pollutants in water.
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Nowadays heterogeneous photocatalysis using metal oxide semiconductors is one of the most
promising techniques for environmental applications. Such materials can be employed as
photocatalysts for the degradation of pollutants using advanced oxidation processes (AOPs) and the
production of hydrogen by water splitting. In order to use solar energy for the activation of
photocatalysts, many material scientists have focused on the improvement of titania photocatalyst
which is actually the best candidate for applications in photocatalysis. Even if TiO, is active under
UV irradiation, it has great advantages such as its low cost, stability, non-toxicity and excellent
electron transfer properties compared to the most of metal oxide semiconductors [1]. As a result,
great effort has been made to shift the energy band gap (Eg) of TiO, towards visible light using
dopants, composites or photosensitizers. In this respect, combined BiVO4/TiO, photocatalyst seems
to be a promising system [4-5]. Bismuth vanadate is a photocatalyst that can be activated under
visible light (Eq=2.4 eV). Although BiVO, can be used under natural solar light, this material
exhibits poor electron transport and high rate in charge recombination. Therefore in the presented
work, different BiVO4/TiO, layered photocatalysts were elaborated in order to allow beneficial
charge transfer between the components for the production of H, by water splitting and the
degradation of organic pollutants.

Bismuth vanadate/titania layered photocatalysts were prepared by simple wet chemical
methods. Different layered configuration was prepared with TiO, covering BiVO, and vice versa.
The films were characterized by SEM, XRD and DRS, and electrochemical measurements were
also performed. The combined BiVO4/TiO, photocatalyst were used in the photodegradation of
stearic acid and an organic dye (rhodamine B). The mechanism of photodegradation was studied by
the use of charge scavengers. According to the configuration of the layered BiVO,/TiO; films, the
photodegradation mechanism of organic pollutants was different and this fact was discussed. On the
other hand, the production of hydrogen by water splitting was performed in a photoelectrochemical
cell in order to drive efficiently the photogenerated electrons to a Pt/elcocarb electrocatalyst using
an electrical forward bias. Unless the production of better photocurrent was obtained for
BiVO,/TiO, compared to the single components, the evolution of hydrogen remained similar to that
of pure BiVO, under simulated sunlight mainly due to lower a solar-to-hydrogen (STH) efficiency.
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KBiO; powders were synthesized by sonochemical and hydrothermal method under different
experimental conditions. The formation of KBiO3 oxide with a cubic structure (JCPDS 00-047-089)
was confirmed by X-ray powder diffraction (XRD). The characterization of KBiO3 samples was
completed with scanning electron microscopy (SEM), which revealed a morphology of the
spherical particles by the sonochemical method and a morpholgy of flakes by the hidrothermal
method. Diffuse Reflectance Spectroscopy (UV-vis, DRS) technique was used to calculate the Eg of
samples by the equation of Kubelka-Munk, KBiO3; manifests an excellent capacity to absorb the
visible light with a band energy of 2.3 eV [1]. The specific surface area was determined by the BET
method. The photocatalytic activity of KBiO; samples was evaluated with respect to the
degradation reactions of ciprofloxacin (CP) and methylene blue (MB) in aqueous solution under
simulated solar light irradiation. On the other hand, in order to evaluate the role of oxidizing species
such as h*, OHs, H,0, and O+~ in the photocatalytic degradation of CP and MB were added to the
photocatalytic reaction: Kl, isopropanol, catalase and benzoquinone [2,3]. The mineralization of the
ciprofloxacin and methylene blue was monitored by carbon organic total (TOC) content analysis.
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Polymeric graphitic carbon nitride (g-C3N4) has elicited much attention as a heterogeneous
visible-light photocatalyst. However, intrinsic drawbacks such as the fast electron-hole
recombination and limited visible light absorption have restricted its photocataytic efficiency. To
overcome this drawbacks, grafting aromatic groups onto the surface of g-C3N4 by co-
polymerization is investigated. This structure engineering extend the delocalization of the =
electrons and as well as change the intrinsic semiconductor properties. Herein, we developed this
strategy by synthesizing the carbon nitride in which the nitrogen of tertiary amine is substituted
with benzene connected by three heptazine rings. The intramolecular benzene doping lead to the
structural distortion, which is calculated theoretically and when increasing the benzene doping
concentration, amorphization is also progressed. This structural changes of carbon nitride induced
remarkably enhanced charge separation of photoexcited electron-hole pairs and red-shift of the
optical absorption. As a result, the modified carbon nitride by benzene doping showed increased
photocatalytic efficiency on the organic pollutants degradation and hydrogen peroxide generation
under the visible light (A > 420 nm). This study offers simple strategies for chemical and structural
change of the carbon nitride only consisted of earth-abundant elements for enhanced photocatalytic
activity.
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Nitrous oxide (N2O) is a compound that during the last decade has been recognized as a
contributor to the destruction of the ozone layer in the stratosphere and acknowledged as a
relatively strong greenhouse gas. The photocatalytic decomposition of N,O under UV irradiation on
semiconductor photocatalysts is one of the candidate methods for its removal. Graphitic carbon
nitride (g-CsN4) with layered structure similar to graphene has been reported to be a hopeful
candidate for photocatalysis. To improve the photocatalytic activity of semiconductor photocatalyst,
coupling of g-C3N,4 with WO3 has attracted much attention. The photocatalysts were synthesized by
calcining mixtures of WOj3 prepared by calcination of H,WO, at 600 °C and g-C3N4 prepared by
heating from commercial melamine at 620 °C. The prepared WO3/g-C3N,4 photocatalysts had
different weight ratios (1:0, 1:2, 1:4, 1:6 and 0:1). All the nanocomposites were characterized by
nitrogen physisorption, UV-vis diffuse reflectance and photoluminiscence spectroscopy (Fig. 1a),
X-ray powder diffraction, Raman and infrared spectroscopy and photoelectrochemical
measurements (Fig. 1b). Their performance was investigated for photocatalysis in gas phase for the
N.O photocatalytic decomposition for the first time. The WO3/g-C3N4 nanocomposites showed
improvement compared to pure g-C3N,4. These results are suggesting the nanocomposite with the
optimal weight ratio of WO3 and g-C3N,4 have shifted absorption edge energy towards longer
wavelengths and decreased the recombination rate of charge carriers compared to pure g-C3sNs. This
is probably due to the generation of heterojunction on the WO3/g-C3N, interface.
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Fig. 1 Photoluminescence spectra (a) and photocurrent generation at electrodes made from the
studied photocatalysts
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Bismuth-oxyhalides (BiOX, X=CI, Br, 1) are semiconductor materials which showed great
promise in the photocatalytic degradation of organic pollutants (e.g. oxalic acid, phenol, etc.) and
dyes. These materials possess a tetragonal matlockite and layered structure, built from [X-Bi—O-
Bi—X] sections and these layers are held together by weak Vander Waals interactions [1].

The aim of our research was to prepare bismuth-oxyhalides with hydrothermal synthesis.
We studied the influence of synthesis temperature (120 °C, 140 °C, 160 °C and 180 °C) on the
structural (crystal size, phase composition etc.), morphological (crystal shape), optical (band gap
values) parameters and on the resulting photocatalytic activity. It was observed, that increasing the
synthesis temperature metallic bismuth was also obtained, influencing the photocatalytic activity as
well.

The samples were characterized by the means of X-ray diffractometry (XRD), transmission
electron microscopy (TEM), scanning electron microscopy (SEM), and diffuse reflectance
spectroscopy (DRS). We tested the photocatalytic activity of the synthesized material under visible
light irradiation (>420nm) using visible light source with UV cut off filter.and under UV light
(=365 nm). The degradation of oxalic acid, phenol and methylene blue was carried out and followed
by high performance liquid chromatography (HPLC). The results were pointed out the importance
of the crystallization temperature in achieving the highest photocatalytic activity. Furthermore,
possible mechanism were elaborated concerning the crystal growth and bismuth formation and it
were correlated strongly with the shown photocatalytic activity.
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Photocatalytic technology is promising for air pollution control. Particularly due to the
ubiquity of concrete infrastructure, the incorporation of anatase nanoparticles in cement-based
materials is one potential important pathway toward engineered pollution control [1, 2]. When
exposed to sunlight, this photocatalytic cement-based photocatalyst can effectively remove smog-
producing nitrogen oxides (NOx) from the atmosphere in a proceess known as “smog-abatement”
and, furthermore, oxidation of organics on their surfaces can impart “self-cleaning properties” [3].
The objective of this research is to obtain more active and stable photocatalysts that will, when
applied to urban infrastructure, help assure durability and reduce maintainence costs.

In this context, the aim of this work is to explore the physico-chemical, mechanical and self-
cleaning properties of specimens with photocatalytic TiO, and SiO, nanoparticles and assess the
effect of cement chemistry on the efficiency of the photocatalytic processes. A comparison study
between TiO, and titania-silica coatings on two cement supports (portland and calcium aluminate
(CAC) cements) has been carried out in an effort to produce photo-cements with photocatalytic and
self-cleaning properties. Photocatalytic activity has been studied by NOx photodegradation and
Methylene Blue (MB) tests. Different physico-chemical studies have also been carried out using
various characterization techniques, which include XRD, UV-vis, adherence test (ASTM D3359)
and hydrophobicity by means of contact angle.

The lab-produced TiO, sol provides a well fitted coating that is free of cracking has very good
adhesion, and exhibits superhydrophilic characteristics. The incorporation of SiO, has different
effects on physico-chemical properties— coating adhesion, BET surface area, and contact angle—
that can play an important role in photocatalytic activity results. The best photoefficiency was
obtained using only coated lab-produced-TiO, catalyst, with equivalent performance on both type
of cements examined, portland or calcium aluminate cement.

CAC | Portland | TIOJ/CAC | TiOPortland | TiOJSIOJCAC | 102319
Adherence - - Very good Good Good Very good
Contact angle 11 13 6 0 6 6
Xme max (%o) 37 26 85 72 56 76
ty, MB (min) - - 230 260 3280 979
Xnox (%0) 0 0 59-63 60-57 59-63 62-52
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Heterogenous photocatalysis can be a viable option for the simultaneus detection and
degradation of organic pollutants if the appropriate nanocomposite systems are used [1]. The
intriguing property of TiO, (Evonik Aeroxide P25) and WO3; nanocomposite systems is that WO3;
has the role of an efficient electron acceptor, and thus, its oxidation state is altered concomitantly
with its colour change (W* gives a blueish colour).

In the present case, differently shaped (sheet-, rod- and star-like) WOj3; structures were
prepared via hydrothermal crystallyzation. To achieve the desired WO3z; morphology various
precursors were used as follows: tungstic acid (H,WO,), sodium tungstate dihydrate
(Na,WO,2H,0) and ammonium tungstate hydrate (NH4)sH2W12040-xH,0) (abb.: AMT) [2]. The
as synthesized semiconductors were characterized by means of X-ray diffractometry (XRD),
Scanning electron microscopy (SEM) and Diffuse reflection spectroscopy (DRS).

The photoactivity of these composite systems can be influenced not only by the WO;
nanocrystals shape, but also by the mass ratio of the WO3; and TiO,, [3]. During constant stirring and
under UV light irradiation, the color changes were followed using a HD camera by using different
concentrations of OA (0,05 mM, 0,5 mM, 1 mM, 3 mM, 5 mM) and at various ratios of the
composites’ components.

Using a well-defined set of of image and data processing programs (IrfanView, ImageJ,
Origin 2016) the collected data was interpreted and the extent of blue color variations in case of
different concentrations of oxalic acid and various composite compositions. The photocatalytic
activity for the composite sytems was assessed also by oxalic acid mineralization with help of liquid
chromatography (HPLC). The most efficient composites systems in every case were the ones
containing WOj3; synthesized from AMT. The intriguing trait of these composite systems was the
simultaneous detection (application as a qualitative sensor) and degradation of the chosen model
pollutant.
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The increasing interest on alternatives to fossil fuels, has favored the development of the
biodiesel industry, which is mainly obtained from the fatty acids transesterification reaction [1].
Glycerol is the main by-product of this process which represents about 10 %w/w of the total
biodiesel production [2]. Nevertheless, due to the large amount of glycerol generated and the
limited market of this by-product, the biodiesel process is generally not feasible [3]. Additionally,
there is few information about the environmental risk of glycerol-containing wastes discharged after
a manufacturing process of biodiesel, some manuscripts have reported that high concentration
glycerol discharges could inhibit its mineralization rate [4]. Although, glycerol could be used
directly as fuel its low heating value and the presence of acrolein as a by-product of direct glycerol
combustion, creates the necessity to apply a treatment of glycerol before its release to environment
[5].

Photocatalysis has emerged as an alternative for the utilization of glycerol-containing wastes.
This process has the advantage that could produce hydrogen while glycerol is degraded under
normal conditions of pressure and temperature unlike other process reported in literature [6]. In the
present work we propose the use of copper slag as a photocatalyst, this material is a by-product
generated from the copper refinement. Copper slag has shown photo-activity under the visible
region, since the band gap value reported is 2.5 eV [7]. This makes slag an interesting alternative
due to the possibility of using sunlight as an activation source.

Therefore, the aim of the present work is to study the effect of the system parameters over
photocatalytic copper slag performance: photocatalyst dosage, initial glycerol concentration and pH.
A central composite design was used and the high and low values of evaluated factors were selected
according to the available information in literature.

According to the experimental results, initial pH was the parameter that showed a significant
effect on photocatalytic production. The optimum pH value was 6.4, this value is desirable, due to a
glycerol solution without any control has a pH value near to 6.5 (pK,, 14.15). Optimum catalyst
dosage was 2.09 g/L, greater values inhibit the hydrogen production, this could be related to the
screening effect. Whereas low values of initial glycerol concentration are preferred, optimum
concentration was 0.08 %v/v. Regarding the glycerol mineralization, none of the studied parameters
showed a significant effect over the system, probably due to the high concentration range evaluated
in this work. Nevertheless, the slag photocatalytic system under simulated solar light reached up to
5% of glycerol mineralization after 5 h of irradiation.
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Phenols are common pollutants in industrial wastewater, they are considered as primary
pollutants because they are recalcitrant, carcinogenic and harmfull to organisms at low
concentrations[1]. Advanced Oxidation Processes (AOP’s) are used for phenol degradation. The
AOP of heterogeneus photocalytics with TiO; is a way which can be improved by transition metals
inclusion. Copper (Cu) can be used as catalyst to obtain advantegeous phenol degradation
efficiencies [2], since Cu (Il) direct the phenol reaction towards preferently the catechol formation
(fast degradation) over hydroquinone [3].

In this work, the photocatalytic degradation of phenol was studied through several composites
consisting of activated carbon impregnated with TiO, and Cu. Using commercial activated carbon
(AC), different composites were obtained according to three sequences of TiO, and Cu(NOs),
impregnation by boil deposition. Different portions of each composite were calcinated at 400, 500
and 600 °C (2 h) under reducing atmosphere, while the remaining portions were dried at 110 °C
(12 h).

Cu and Ti metals impregnated quantities were analysed through Atomic Absorption, and
oxides were identified by X-ray diffraction. The specific area variation, microporosity and
mesoporosity of AC post-impregnation were evaluated by N, BET adsorption isotherms, iodine and
methylene blue tests, respectively. Composites surfaces were analysed by scanning electron
microscopy (SEM), and pH points of zero charge (pH,c) were determinated.

Adsorption and photocatalysis of phenol were studied separately since both processes take
place simultaneosly. Phenol concentrations and the primary products were determinated through
HPLC. Four composites were tested: AC-TiO; (0,14 %w/w of TiO,), AC-Cu-600 (4,10 %w/w of
Cu), AC-Cu-TiO,-600 (3,68 of Cu - 0,08 of TiO, %w/w) and AC-sim-400 (0,28 of Cu — 0,65 of
TiO, %wi/w). Under dark conditions and magnetic stirring (500 rpm), the adsorption equilibrium
was reached after 24 h with percentages in the range 70% - 90%.

The photocatalytic tests were carried out applying UV radiation provided by a 15 W low-
pressury mercury lamp. A portion of 0,25 g of each composite was added into 250 mL of a phenol
solution (~25 mg/L). The initial pH was 4. After 24-hour irradiation tests, phenol photodegration
percentages were reached higher than 80% for AC-TiO,, while for AC-Cu-TiO, composites around
90%.
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Ever since Fujishima and Honda discovered its ability to split water in 1972, titanium dioxide
has been one of the most intensely studied oxides due to its interesting electrochemical and
photocatalytical properties.[Y) Titanium dioxide occurs in nature in three polymorphic modifications:
anatase, brookite and rutile, with anatase being the most photocatalitytically active due to its
improved charge-carrier mobility nad higher number of surface hydroxyl groups.? The main
drawback of using titanium dioxide is its relatively large band gap (3.2 eV), which means it can
only be activated upon irradiation with UV light (A < 380 nm). Because the solar spectrum consist
of 4-5 % of UV light and approximately 40 % of visible light, efforts have been made to increase
the ph?g)catalytical activity of titanium dioxide under visible light via nonmetal and metal
doping.

Thin films and corresponding powders were prepared by a particulate sol-gel route, using
titanium tetrachloride (TiCl,) as a precursor. During the synthesis, different quantities of various
acids (hydrochloric, sulfuric and nitric acid) were added. The latter two can also act as sources of
sulfur and nitrogen. After the first step of the synthesis, different chemicals, which acted as sources
of nonmetal (urea, tiourea and ammonium nitrate), metal (Ag, Pt, Pd, ...) dopants and
hydroxypropyl cellulose (HPC, organic polymer, which increases the thickness and the porosity of
materials) were added. These sols were then deposited onto object glasses by dip-coating technique
and then thermally treated in a muffle furnace at different temperatures to enhance crystallization of
titanium dioxide.

Thin films were characterized with thermogravimetric analysis (TG), X-ray powder
diffraction (XRD) and scanning electron microscopy (SEM). Photocatalytical efficiency of the
prepared films was determined by observing the degradation rate of Plasmocorinth B (PB), an
organic pigment under visible light illumination. The content of non-metal dopants were
systematically monitored and optimal composition was proposed. Changes in conductivity and pH
values of the PB solution were also measured duringt its degradation.
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Advanced oxidation processes (AOP’s) can offer viable solutions for removing hardly
degradable organic pollutants from water and wastewater. One of the most intensively developing
AOP is heterogeneous photocatalysis. It is based on a semiconductor material, and a light source
such as solar energy [1]. Nowadays, photocatalysis is focusing on solar energy exploitation and
conversion including the degradation of organic pollutants. Bismuth vanadate (BiVO,) attracted a
great deal of attention as a new photocatalyst with a potential of excellent photocatalytic
performance under visible light irradiation [2].

BiVO, microcrystals were synthetized by a one-step hydrothermal method, meanwhile the
effect of the pH of crystallization medium was investigated concerning the microcrystals’ shape,
crystal phase, bang gap, and photocatalytic activity. Their changes were followed by scanning
electron microscopy (SEM), X-Ray diffractometry (XRD) and diffuse reflectance spectrometry
(DRS).

The results showed that the extreme low pH (pH < 0.8) favoured to formation of large
microcrystals (d > 2um), with tetragonal truncated bipyramidal shape. When the pH was increased
above one, a drastic size decrease (d < 500 nm) was observed and individual platelets appeared. The
aggregation totally disappeared, as the pH was slowly increased (pH= 2, 3, 5, 7).

Furthermore, it can be clearly seen from the XRD patterns that the signal of the {040} crystal
facet family was increasing along with the pH value until pH=5, but after that this value the
dominance of the mentioned crystal facet disappeared slowly.

The above mentioned morphological changes and the various crystal facet ratio significantly
influenced the photocatalytic activity, which was evaluated successfully for the degradation of
Rhodamine B (RhB) under visible light irradiation.
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Due to inadequate waste managment in households, industry and agriculture, the hydrosphere
contains a broad spectrum of xenobiotic organic compounds. To remove these hardly degradable
pollutants from wastewater advanced oxidation processes (AOPSs) can be used with great success.
Heterogeneous photocatalysis is an AOPs, which uses an inert semiconductor material as a catalyst,
such as TiO,, and an UV or visible light light source [1].

The main object of the photocatalytic water treatment, as in the case of every AOP, is the total
mineralization of organic pollutants. But to achieve this goal, every pollutant must go through a
specific oxidation mechanism. The steps of this mechanism may depend on the structure,
morphology, selectivity and photocatalytic activity of the chosen semiconductor catalyst. Because
of all these properties combined it could easily happen, that the oxidation intermediates produced
are more harmful to the ecosystem, than the original pollutant [2].

During the present work, we investigated the photocatalytic activity in phenol degradation of
the industrial Evonik Aeroxide P25 TiO, and shape-tailored, hierarchical TiO,, putting emphasis on
the shape control of the TiO, nanocrystals and the comparison of the different degradation products.

The precursor for the prepared samples was TiCly, their shape was influenced by different
shape controlling agents, and they were calcined at different temperatures (500, 650, 800 and 1000
°C) to achieve higher crystallinity grade to reach higher photocatalytic activity. The prepared
nanomaterials were also successfully characterized structurally and morphologically using TEM,
SEM, XRD and DRS methods.
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The microcontaminants occurrence, such as pharmaceuticals found in the environment, causes
concern about the environmental impact of the pollution from anthropic activities. Thus, this work
aimed the evaluation of the photocatalytic system efficiency in removing the sulfamethoxazole
active principle, using the titanium dioxide (TiO,) catalyst impregnated in grinded glass with two
different particle sizes. The catalyst impregnation was performed by two methods: A overlay and B
solvothermal. The obtained materials were characterized by total reflection X ray fluorescence
(TXRF), X ray diffraction (XRD), Scanning electron microscopy (SEM) with energy dispersive
spectroscopy (EDS), thermogravimetry (TG) and nitrogen physisorption. Considering the results,
the TiO, was verified in the grinded glass carrier, achieving a 2.5% immobilization proportion. The
DRX analysis evidenced the presence of the anatase crystalline phase in the catalyst of used
methods. Method A achieved the best catalyst fixation on the carrier. The photocalytic assays
indicated a SMX removal of 97% for method A and 71% for method B after 360 minutes of
reaction. The kinetic analysis indicated the pseudo first order model as the one that best fit the
experimental data with degradation constants of 0.008 and 0.004 min™* for the SMX methods A and
B, respectively. The system efficiency is reduced as a function of the photodegradation assays
reproducibility due to the catalyst loss by erosion to the SMX aqueous phase. The difference on the
efficiency between methods A and B is probably due to the different proportion of anatase
crystalline phase that is present in each support impregnation method. According to the
toxicological essays, the treated samples presented higher toxicity when compared to the raw one,
which possibly occurred because of a partial mineralization of the SMX and the production of
intermediate compounds.
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The purpose of this paper was to synthesize a catalyzer supported on silica obtained from
chrysotile, in order to obtain an active material to be used in photodegradation reactions of the
active ingredient of the antibiotic Sulfamethoxazole (SMX) under artificial radiation. Silica was
obtained by acid leaching and then reacted in a batch system by the solvotermal method, using as
precursor the titanium tetraisopropoxide and reaction medium with ethanol at 150°C, after this
calcinated at 450°C. A catalyzer with titanium dioxide (TiO2) were obtained in its active form, the
anatase. After this, the following tests were performed to characterize the material: Differential
scanning calorimetry (DSC), Scanning Electron Microscopy with Energy-dispersive X-ray
spectroscopy (EDS), X-ray Diffraction (DRX), X-ray fluorescence by total reflection (TXRF),
surface area and thermogravimetry (TGA). The Ti mass content by TXRF was 10.5% and the DSC
analyses was used to know the best condition for the material calcination. The DRX analyses
confirmed the anatase phase at the end of the synthesis. The surface area of the material was
301 m?/g, suggesting a promising material as a catalyzer, which was tested for its catalytic activity
in removing the SMX in aqueous solution. When the catalyzer were associated with hydrogen
peroxide (H20,) under artificial radiation, removing reached 94% demonstrating a high efficiency
for the photolyses of SMX, close to pure TiO,,
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TiO, is the most important semiconductor photocatalyst because of its low price, non-toxicity
and high catalytic activity in various photo-oxidation reactions [1].

As it is known, TiO, shows tunable features (surface hydorphylicity, optical properties) and
upon UV-A photoexcitation electron (¢7) and hole (h*) pairs can be generated. These charges suffer
recombination reducing the TiO, photocatalytic activity. In order to increase the photocatalytic
efficiency of TiO; it is necessary to reduce the recombination rate by separating the e with another
semiconductor/conductor material. The deposition of TiO, on activated carbon [2], and carbon
nanotube also may increase the efficiency of the photocatalytic material because it can help to
enrich the organic substrate around the catalyst and promoting the charge transfer process between
the pollutant and the photocatalyst [3].

In our present work, shape-tailored TiO, were prepared in the presence of different carbon
types (carbon nanotubes, active carbon, graphite, carbon aerogel), where these carbons acted as
crystallization promoters. The focus of this study was on the hydrothermal preparation and morpho-
structural characterization of TiO,-“C” hybrid materials. The TiO, crystal genesis was investigated,
and the different carbon types influenced the shape, morphology and photocatalytic properties of
the TiO, particles. The morphological and optical analysis was achieved by XRD, TEM, SEM and
DRS. The photocatalytic performance of the TiO,-C hybrid materials was evaluated by the
degradation of rhodamine B.
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One of the biggest problems of the current society is water of sufficient amount and quality. To
solve this problem already many efforts have been performed, however, many issues are still
undecided. Therefore, our present work is focused on water purification processes based on
heterogeneous photocatalysis. The most intensively researched photocatalyst is TiO, which shows
several beneficial properties, such as stability, strong oxidizing power, chemical inertness, non-
toxicity, low cost and environmentally nonthreatening nature [1]. Despite of all these, TiO, can be
activated merely just by UV/near visible irridiation. The sunlight has only 5 % of UV light
component, therefore we started to investigate visible light photocatalysts.

Thus, the present work deals with the synthesis of visible light active photocatalysts — silver
halides. It is a material type with narrow band gap enegy values (< 2.0 eV), easaly obtainable [2], it
has the same strong oxidizing power such as TiO, but with low stability compared to TiO,.
However, this material can be activated with visible light.

Silver halides can be synthesized by ion change -, precipitation and hydrothermal crystallization
processes. In our case silver halides were obtained by hydrothermal crystallization. The crystal
shape, structure and morphology was influenced by different alkali metal salts and surfactants
containing different fuctional groups.

The obtained silver halides’ photocatalysts morphological and structural details were evaluated
by XRD (X-ray Diffractometry), TEM (Transmission Electron Microscopy), DRS (Diffuse
Reflectance Spectroscopy), Raman spectroscopy and SEM (Scanning electron microscopy). The
photocatalytic performance was investigated by the degradation of methyl orange.
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Wastewaters which contain dyes are emanating from textile related industries and can be
extremely toxic. In order to reduce the pollution load it is desirable to degrade these pollutants.
Semiconductor photocatalysis can be applied as an efficient alternative in many environmental
problems, such as water and air purification. TiO, is a commonly used semiconductor
photocatalyst, because its several beneficial properties, for example stability, non-toxicity, safety,
low cost, and resistance to photocorrosion. Coupling TiO, with other semiconductors, it can be
obtained some composites with better properties, for instance, WOj3 can act as an efficient charge
separator, suggesting that the presence of WO3; would be beneficial regarding the photocatalytic
efficiencies [1].

The present research focused on the preparation of TiO,/WQO;3; (76/24 wt. %) [2] composite
photocatalysts for the photodegradation of different organic pollutants (methyl orange, malachite
green, salicylic acid, etc.) under UV light irradiation. The produced nanomaterials were
characterized by using TEM, SEM, XRD and DRS. In order to maximize the photocatalytic
efficiency of the composites, the TiO,/WO; ratio was successfully optimized and the obtained
nanostructures were tested in case of methyl orange and malachite green degradation.
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Photocatalysis has attracted great attention owing to its promising application such as in
photocatalytic degradation of organic dyes. Organic dyes used in textile and food industries are
their important sources of the environmental contaminations due to their non-bio degradability and
high toxicity to aquatic creatures and carcinogenic effects on humans [1]. In order to reduce damage
caused by organic dye pollution to environment and humans, the use of photocatalyst to degrade
organic compounds in contaminated air or water or to convert them into harmless chemicals has
been extensively studied. In this manner conductive polymers such as polyaniline(PANI) [1],
polypyrolle [2], poly(3-hexylthiophene) [3] has been extensively used to degrade non-
biodegradable organic dyes by photocatalytical routes.

In this study, PANI and Co doped PANI(PANI/Co) synthesized by using electrochemical
cyclic voltammetry method on stainless steel(SS). The morphology and spectral analysis were
investigated by scanning electron microscopy (SEM), FTIR spectra (FT-IR), UV-vis spectroscopy
(UV-vis) analysis. The electrical conductivity of PANI/Co catalyst were measured on surface of
ITO coated glass substrate by using four point probe method. The electrochemical measurements
were done by using cyclic voltammetry and electrochemical impedance spectra (EIS) in three
electrode cell. The photocatalytic activity of PANI and PANI/Co films were investigated under UV
and visible light irradiation by decolorization of methylene blue and rhodamine B dyes. Fig 1 shows
a) cyclic voltammetry of PANI/Co, b) EIS of PANI and PANI/Co, ¢) SEM and electron mapping
photograps of PANI and PANI/Co, d)photocatalytic activity of PANI/Co film under UV light (MB
dye concentration: 10° M).
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Figl: a) cyclic voltammetry of PANI/Co, b) EIS of PANI and PANI/Co, ¢) SEM and electron mapping
photograps of PANI and PANI/Co, d) photocatalytic activity of PANI/Co film under UV light (MB dye
concentration: 10-5 M).

Acknowledgement

The authors are grateful for financial support by The Scientific and Technical Research
Council of Turkey (Project no: 113Z656) and The Administrative Units of The Research Projects of
Selguk University. This work produced from B. Haspulat’s Ph.D. Thesis.

References

[1] V. Eskizeybek, F. Sar1, H. Giilce, A. Giilce, A. Avci, Applied Catalysis B: Environmental, 119—
120, 30(2012), 197.

[2] Q. Li, C. Zhang, J. Li, Journal of Alloys and Compounds, 509 (2011) 1953.

[3] S. Xu, L. Gu, K. Wu, H. Yang, Y. Song, L. Jiang, Y. Dan, Solar Energy Materials & Solar
Cells, 96 (2012) 286.

242



P2-67

DECOMPOSITION AND DETOXIFICATION OF THE INSECTICIDE THIACLOPRID BY
HETEROGENEOUS PHOTOCATALYSIS

C. Berberidou*, V. Kitsiou, D. Michailidou, D. Lambropoulou, I. Poulios

Laboratory of Physical Chemistry, Department of Chemistry, Aristotle University of Thessaloniki,
Thessaloniki, Greece (&-mail: cberber@chem.auth.gr)

Pesticides are widely used as a result of intensive agricultural practices [1]. As these
contaminants are in many cases toxic and non-biodegradable, they tend to accumulate in the
environment and to magnify through the global trophic network with unpredictable consequences
[2]. Thiacloprid ({(22)-3-[(6-Chloropyridin-3-yl) methyl]-1,3-thiazolidin-2-ylidene} cyanamide) is
an insecticide of the neonicotinoid class, with high water solubility, used on agricultural crops to
control a variety of insects, primarily aphids and whiteflies [3]. Studies of the environmental
behavior of thiacloprid have shown that the molecule is resistant for more than six months to
degradation in water by hydrolysis in acidic or neutral media. Alternative methods currently
employed for the degradation of agrochemicals in water and wastewater include Advanced
Oxidation Processes (AOPs). Among them, heterogeneous photocatalytic oxidation (TiO2/UV-A) in
the presence of artificial or solar light has been particularly effective for the degradation of toxic
agrochemical substances, such as insecticides and pesticides [4]. Our current study focuses on the
heterogenous photocatalytic decomposition and mineralization of thiacloprid, to assess the effect of
various operating conditions on pesticide degradation and mineralization. The potential phytotoxic
effect of thiacloprid prior to and after TiO,/UV-A photocatalytic treatment is also investigated
based on the variation of root growth of three eukaryotic plant species (S. saccharatum, L. sativum,
S. alba). Data of the bioluminescence ecotoxicity test using marine bacteria V. fischeri are also
presented to provide information on the acute toxicity of the parent molecule as well as of the
intermediates formed during photocatalytic oxidation. LC/MS analysis is currently in progress
aiming to the detection of potential intermediates and the elucidation of possible degradation
pathways.
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ZnO is an abundant semiconductor, which has been studied as an active photocatalyst and it
exhibited higher photoactivity in several reactions even than TiO; [1]. However, the wide bandgap
of ZnO (i.e. 3.2 eV) limits its use under the illumination of visible light. Several tactics were
applied to shift the adsorption spectrum into visible light region such as doping with other material
such as Cr, V, W... etc or cope with another semiconductor such as TiO,, WOs ... etc. Here the
hydrogenation of ZnO at different elevated temperature was investigated. Based on our previous
study [2], hydrogenation can create sub-energy level under the conduction band of the
semiconductor crystal which can improve the light adsorption, radical formation, and hence, the
overall photocatalytic process.

The hydrogenation of ZnO was carried out by heat commercial ZnO nanoparticles in a tube
furnace under hydrogen environment at different temperatures (200-800°C) and atmospheric
pressure. The prepared samples were characterized by XRD, UV-Vis, SEM, N, sorption
measurements, TEM, EPR, and Raman spectroscopy. The photocatalytic performance of the
prepared materials was investigated in the liquid phase decolourization of methyl green (MG) dye
and in the mineralization of ampicillin antibiotic.

EPR analysis confirmed the formation of oxygen-defected sites in the hydrogenated ZnO
nano-crystals (Figure 1-left panel). The number of defected sites increased with the applied heating
temperature. Moreover, the UV-Vis spectrum of hydrogenated sample showed a clear shift towards
the visible light absorption (Figure 1-right panel). Furthermore, the photocatalytic performance of
hydrogenated ZnO was much higher than neat commercial ZnO. The observed reaction rate was
almost 2-3 times higher than commercial ZnO. The full characterization data, morphological
structure, photocatalytic activity and stability of the hydrogenated ZnO will be discussed during the
presentation.
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Figure 1. Left panel: EPR signals for hydrogenated ZnO. Right panel: the UV-Vis spectrum of neat
commerical ZnO compared with that of hydrogenated ZnO.
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Titanium dioxide (TiO,) has been recognized as one of the most promising semiconductors
because of its potential applications in photocatalysis, gas sensors, dielectric ceramics, pigments
due to the advantages of its high photocatalytic activity, biological and chemical inertness, long
term stability and cost effectiveness [1]. Two pathways are usually considered in the literature to
influence the morphology: the first method focuses on formation of single crystals while the second
one is centered on the importance of the agglomeration of the single crystals in secondary
geometries, hierarchical nanostructures [2].

The control of the morphology and size of (TiO,) nanostructures, especially for those with
complex configuration, still remains a challenge because of the rapid hydrolysis of Ti-containing
precursors in aqueous solutions. In the present study, the size of TiO, nanostructures and the
morphology of the constituent nano-units were controlled by using different precursors, adjusting
the precursor volume ratio, the surfactant quantity, which controlls the aggregation and the
crystalization temperature. The obtained crystallites were characterized by various characterization
techniques, such as X-ray diffraction (XRD), diffuse reflectance spectroscopy (DRS), scanning
electron microscopy (SEM), to determine the crystal phase composition, band gap energy and the
particle size and shape. The produced titania nanostructures were employed as photocatalysts for
the degradation of organic contaminants (methylorange).

Figure 1. Shape tailoring of TiO; achieved by the fine tuning of the synthesis parameters

Acknowledgement: The authors would like to express their gratitude towards the MTA Premium
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Constructing heterostructures can induce unique properties and can enhance the
photocatalytic performance of a photoactive composite. In the past, we have successfully
synthesized ternary composite systems using titania/tungsten (V1) oxide and noble metal (gold and
platinum) [1]. In the present work, we have investigated BiVO, as a third component in ternary
systems, replacing the nobel metal component.

Various bismuth vanadate (BiVO,) nanocrystallites were obtained with hydrothermal
crystallization using sodium vanadate (NaVOsz) and bismuth trinitrate pentahydrate
(Bi(NO3)3-5H,0). The obtained BiVO, was mixed with commercial titanium dioxide (Evonik
Aeroxide P25) and the ratio of the semiconductors was succesfully optimized. The structure and
morphology of these composites were evaluated using various characterization techniques, such as
X-ray diffraction (XRD), diffuse reflectance spectroscopy (DRS) and scanning electron microscopy
(SEM). Their applicability as photocatalyst were tested for the degradation phenol and methyl
orange, under UV irradiation. TiO,/BiVO,/WO3 ternary composite system was prepared to
investigate the effect of BiVO, on the photocatalytic performance of the composite.

By increasing the BiVO, proportion in the composite, the efficiency of the light absorption
increases and shifts to the visible range. Based on the photocatalytic tests the efficiency of catalysts
can be correlated with results obtained from UV-Vis DRS spectra (e.g. absorbance band gap
values).
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Figure 1. P25-BiVO, binary and WOs-P25-BiVO, ternary composite UV-Vis DRS spectra
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In a recent study it has demonstrated that the TiO, subjected to ionizing radiation undergoes
changes in its crystalline structure, and shows the migration of the rutile phase to the anatase phase
[1]. However, it has not so far been reported a detailed study of this effect in the degradation of
certain contaminants, as azo dyes. Therefore, this research proposes the use of irradiated TiO, by
the degradation of 50 mg L™ of Direct Blue 1 through heterogeneous photocatalysis. Doses of 10
and 20 kGy were tested and also these materials were impregnated onto activated carbon [2]. The
photodegradation was followed through spectrophotometric ethods and the determination of COD
and TOC. The obtained results show that the higher the irradiation dose to treat TiO, the greater the
rate of degradation of the studied dye. The degradation increases 5.7% using irradiated TiO, with
10 kGy and 10.8% with 20 kGy related to the unirradiated TiO,. We are currently studying the
effect of irradiate TiO, with higher doses: 30, 40, 50 and 60 kGy, which will be displayed for the
date of the Conference.
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Sulfaquinoxaline (SQX) has been widely used toprevent coccidiosis in poultry, swine, and sheep.
It inhibits the synthesisof nucleic acids and proteins in microorganisms. SQX consistsof a sulfa
group and a quinoxaline group. It has been reportedthat sulfas do not show high toxicities to larger
organisms  andhuman  beings;  however, quinoxaline  exhibits = mutagenic  and
carcinogenicactivities.SQX was frequently detected in drinking and surface water. Their presence at
low levels in the environment canencourage the formationof strains of antibiotic-resistant bacteria.
For this reason, theremoval of SQX residual from wastewater is important beforeits discharge into
natural water or that used for agriculture. The main goal of the present study is the evaluation
ofSQX reactivity during chlorination and UV irradiations which are two processes mainly used in
water treatment plants (WWTP).The SQXtransformation by chlorination and UV lights (254 nm)
was investigatedunder normal conditions (pH= 7.2 and Temperature = 25°C) in aqueous solutions.
The result shows a slow degradation of SQX during photolysis comparing to chlorination process.
Kinetic studies that fitted a fluence-based first-order kinetics model were used to determine the
kinetic constants of SQX degradation; they were equal to 1.19 x 10™ sec™® and 70 x 10™ sec’
Ycorresponding to the half time lives of 96 min and 1.64 min during photolysis and chlorination,
respectively. Sevenby-products weregenerated during chlorination and photo-transformation of
SQX. Theywere identified using liquid chromatography withan electrospray ionization and tandem
mass spectrometry (MS/MS). Electrophilic substitution, hydroxylation, condensation and
isomerization characterized the formation pathway of SQX by-products.
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Environmental issues in water caused by harmful organic molecules have raised interest in their
decomposition through photocatalytic oxidation reactions that combine UV light and titanium
dioxide (TiOy). A target of potential interest are the increasing incidences worldwide of toxin
generating blue-green algae (cyanobacteria) blooms in freshwater bodies. These are leading to more
frequent advisories not to extract water for drinking, even in areas, such as Northern Canada, that
previously were not affected. Cylindrospermopsin (CYN) is one of the common cyanobacterial
toxins and targets protein and glutathione synthesis in hepatocytes, and may cause fever, diarrhea,
hepatomegaly and kidney damage (Byth, 1980).

In this work, photocatalytic reactors consisting of TiO, coated corrugated plates with different
geometries but with same area and light source were used to compare UVC light (at the germicidal
wavelength of 254nm) absorption efficiency. Experiments were also conducted to degrade water
pollutant mimics such as methylene blue and uracil, along with CYN. The absorbed UV light
irradiance and the integrated power for each reactor system were calculated based on a local area-
specific rate of energy absorption (LASREA) modeling method (Huilan Shang, Zisheng Zhang,
William A. Anderson, 2005). Correlations between degradation rates, absorbed energy, and
activation energy were compared and the validity of the LASREA model was determined.

The UV irradiated corrugated photocatalytic reactors were found to be of greater photonic
efficiency (determined from mineralization rate of organic molecules and the light intensity)
compared to flat plate photocatalytic reactors. There is more photocatalyst area and the angled
plates capture photons that are reflected. The increase in captured photons results in more oxidizing
hydroxyl radicals generated for enhanced photocatalytic oxidation of toxins.
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Hospital wastewaters (HWW) have been long identified as carriers of chemical and
microbiological pollutants [1]. Their amounts and risk levels have initiated numerous works on
changing the existing practices of co-treatment with municipal wastewaters (MWW) [2]. Within
HWW, many substances, such as organic compounds, rare microbial agents or antibiotic-resistant
ones exist, often in high concentrations that modify significantly the composition of HWW
compared to MWW [3]. Contrary to the co-treatment practices alongside with MWW, on-site
treatment should be implemented to the source [4], and the consideration of no-mix toilets for urine
separation must be taken into account [5] thus reducing the quantities of drug-related compounds,
and considerably mitigate the effluent amounts.

In a previous work, a systematic investigation on the possibility of treatment pharmaceutically
active compounds was performed (the lodinated Contrast Medium- ICM lohexol in particular),
simulating the aforementioned practices of HWW and urine treatment by the UV/H,0O,/Fe process
[6]. In the present work, the problem of microorganisms’ presence is assessed, focusing on bacterial
and viral inactivation, E. coli and MS2 coliphage respectively, in the matrices that are expected to
be encountered in HWW. Firstly, their independent inactivation Kinetics are provided, followed by
assessment of their mixture, in milli Q water, wastewater and urine (MQ, WW and UR) simulated
matrices. The addition of ICM lohexol and the corresponding changes in the inactivation kinetics
are then estimated, focusing on the interaction of predator-host relationship of the selected
microorganisms and the dual action of lohexol: mild disinfectant, by the release of lodine and UV
screen, as highly absorbant substance.

The concluding investigation part focuses on real wastewater and urine matrices, containing the
indigenous microorganisms and further spiked by E. coli and MS2 coliphage. The survival of the
two microorganisms is estimated in real WW and UR, before and after their treatment by
UV/H,0,/Fe, and the alterations caused by the mutations induced by UVC, and oxidative damage
by HO are presented. The addition of lohexol strongly modifies their survival, putting in question
the approaches of co-treatment with UWW. Finally, the effect of secondary wastewater treatment
(activated sludge) in the success of the UV/H,0,/Fe process is demonstrated. In conclusion, the
successful practice of HWW treatment include on-site secondary treatment plant, followed by
AOPs, focusing the elimination of multiple targets.
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As one of non-nutritive and commonly used artificial sweeteners, sucralose (SUC) is now
ubiquitous and detected in aquatic environments, which has already been recognized as an emerging
contaminant [1]. To date, little attention has been paid to the environmental impact of SUC due to
its healthy safety for consumption. SUC exhibits excellent stability toward destruction under normal
environmental pH and temperature. The microbial degradation of SUC was observed in soils but the
time of half-life is up to 124 days [2]. Unfortunately, SUC cannot be efficiently removed by the
present wastewater treatment processes such as aerobic and anaerobic biodegradation, filtration,
chlorination, and UV disinfection [3,4]. Hence, the development of new and effective alternative
treatment approaches for SUC removal is required, and one of the potential technologies is the
reactive radical-based advanced oxidation process (AOP).

The mineralization of SUC in aqueous media by UV/Ozone (O3) process is investigated herein.
Influences of several operating parameters, including pH, O3z concentration, gas flow rate and initial
SUC concentration, on SUC mineralization were evaluated. More than 90% mineralization of 0.126
mM SUC was achieved within 120 min with 19.4 mg/L Oz under UV irradiation at neutral pH. It is
known that «OH will react with coumarin and generate 7-hydroxycoumarin which emits
fluorescence at around 460 nm on the excitation of the 332 nm absorption band. The fluorescence
spectra of the solution containing 1.0 mM coumarin indicated that «OH was formed in large
quantities during the UV/Og3 process. In addition, Daphnia Magna acute immobilization tests were
performed to evaluate the detoxification efficiency of the UV/O3 process.

In summary, the obtained result provides meaningful information on the application of UV/O3
process for the mineralization of SUC or other artificial sweeteners.
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UWTPs have been characterised as ‘hotspots’ of antibiotic resistance, as antibiotic-resistant
bacteria and antibiotic resistance genes (ARB&ARG) have been detected in urban wastewater
effluents, ending up in aquatic environmental compartments upon wastewater reuse practises.
Advanced oxidation processes are regarded as a major tool to control the spread of antibiotics and
ARB&ARG into the environment by producing highly reactive, non-selective hydroxyl radicals [1].

In this study, UV-C/H,O, oxidation was investigated at bench scale under different experimental
parameters with regard to its capacity to remove a mixture of antibiotics belonging to different
classes (i.e. ampicillin, clarithromycin, erythromycin, ofloxacin, sulfamethoxazole, tetracycline and
trimethoprim) with an initial concentration of 100 pg L™ from secondary treated wastewater. The
technology was optimized with respect to the oxidant dose, while the effect of pH and the aqueous
matrix composition on the process efficiency were also examined. Under the optimum experimental
conditions, phytotoxicity against three plant species (Sorghum saccharatum, Lepidium sativum,
Sinapis alba), and ecotoxicity against the crustacean Dapnia magna were assessed. The efficiency
of the process to inactivate selected bacteria and ARB (i.e. Escherichia coli, total enterococci,
Pseudomonas aeruginosa and total heterotrophs) was also investigated.

The results revealed that 40 mg L™ of H,O, could result in complete removal of the antibiotics
within 120 min of irradiation at inherent pH, while degradation of the target compounds exhibited
pseudo-first-order kinetics under the different experimental conditions applied. DOC measurements
showed significant mineralization of the treated solution (DOC removal 38%). The applied
treatment process produced a final effluent with lower phytotoxicity compared to that of the
untreated wastewater. In order to examine the toxicity against Daphnia magna, preliminary UV-
C/H,0, experiments under the optimum experimental conditions, were carried out in the absence of
antibiotics in order to investigate whether potential toxic effects on Daphnia magna are mainly due
to the oxidation of the dissolved effluent organic matter or to the presence of the mixture of
antibiotics. UV-C/H,0; oxidation proved to be an efficient process in inactivating total bacteria and
ARB and the re-growth potential of the examined types of bacteria due to the presence of repair
mechanisms was assessed and presented.
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Methomyl belongs to a class of compounds known as oxime carbamates and widely used for the
control of insect and nematode pest [1]. The photolysis of different pesticides in organic solvents
was studied [2,3] but, to the best of our knowledge, there are no reported studies focusing on the
photolysis of methomyl in the organic solvents. The objective of the investigation was to study and
compared the rate of direct photodegradation of pure methomyl in organic solvents and deionized
water, and establishment/discussion of relationship between solvent polarity and efficiency of
photolysis process.

This study describes photolysis of 1x10* M methomyl solution in water and eleven different
organic solvents: methanol, ethanol, n-propanol, isopropanol, sec-butanol, tert-butanol, isobutanol,
isopentanol, n-hexane, acetonitrile, and dichloromethane. Photolysis of methomyl upon 254 nm was
performed by an Osram mercury lamp (2 x 8 W) and all samples were exposed to irradiation for
five hour. All chemicals and organic solvents used in the investigation were of analytical grade and
were used without further purification. All photolytic methomyl reactions were studied by UV/VIS
spectroscopy in the wavelength range from 190 to 300 nm (Spectrum Mode) and at 233.4 nm
(Quantitative Mode), while the rate of photodecomposition of methomyl was measured using UV
spectroscopy and HPLC. In order to evaluate the degradation pathways and photolytic degradation
products liquid chromatography-mass spectrometry (LC-MS") was used.

Results of the determination of photolysis reaction rate gave following order: deionized water >
tert-butanol > n-hexane > ethanol > isobutanol > isopentanol > isopropanol > methanol >
acetonitrile > dichloromethane > sec-butanol > n-propanol. Otained results of methomyl
degradation by UV light indicated that the photolysis was affected by the solvent properties, i.e.
balance of hydrogen bonding ability and apolar interactions of aliphatic chain present in used
alcohols.
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This work investigated the degradation reactivity and mechanisms of salbutamol (SAL) and
terbutaline (TBL), two typical PB2-adrenoceptor agonists by using persulfate (PS) activated
bysimulated solar light. Our results indicated that UV/PS could remove these two target compounds
efficiently, more than 94% of SAL and TBL could be decomposed within 2h. The quenching
experiment suggested that SO, was the dominant reactive species in the oxidation process. The
second-order rate constant of sulfate radical with SAL and TBL was calculated as (3.7 = 0.3) x 10°
and (4.2 + 0.3) x 10° M™* s by using laser flasher photolysis (LFP), respectively. The results also
revealed that basic conditions inhibited the decomposition of SAL and TBL, while, increasing PS
dose enhanced the degradation. Reaction pathways and mechanisms were proposed based on
products identification using high resolution HPLC-ESI-MS, LFP and molecular orbital
calculations. For both of the target compounds, phenoxyl radicals were found to play key roles in
the orientation of the primary pathways. For SAL, a benzophenone derivative was generated by
oxidation of the phenoxyl radical. However, the transformation of the phenoxyl radical into
benzoquinone was impossible for TBL. Instead, the addition of —OSO3H on the aromatic ring was
the major pathway. The same reactivity pattern was observed in TBL structural analogs resorcinol
and 3,5-dihydroxybenzyl alcohol. The present work indicated that UV/PS oxidation method could
be a promising approach in the removal of B2-adrenoceptor agonists and related pharmaceuticals.
Moreover, it could also help for a better understanding of the difference in oxidation reactivity of
substituted phenols widely present in natural waters.
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The contamination of water is major environmental problems therfore water protection is one of
the main challenges of the century. It is well-established that aquatic wildlife in marine and
freshwater of the European Union is exposed to natural and synthetic Endocrine Disruptor
compounds (EDCs) which are able to interfere with the hormonal system causing adverse effects on
the intact physiology of organisms. Due to the fact that human activity generates wastewaters
comprising bio-refractory and toxic compounds, the effective and environmental method of its
degradation must be applied. It should be important that the purification of water did not require the
introduction of additional chemical compounds - oxidants, also polluting the environment. The
traditional wastewater treatment processes are inefficient on the removal of EDCs in low
concentration Moreover not only the efficiency of treatment must be considered but also
toxicological aspects.

Considering all these aspects the main goal of the presented study was to investigate the
photochemical decomposition of hazardous phenolic compounds under simulated as well as natural
sunlight from toxicity point of view.

The studies were focused on photodegradation of 2,4-dichlorophenol as well as mixture of
phenol, 2-chlorophenol and 2,4-dichlorophenol. Photosensitized oxidation process was carried out
in homogenous and heterogeneous system. V. fischeri luminescence inhibition was used to
determine the changes of toxicity activity in mixture during simulated and natural irradiation. The
photodegradation was carried out in three kind of water matrix, moreover the influence of presence
of inorganic matter on the treatment process.

The experiments with natural sunlight proved applicability of photosensitive chitosan for visible-
light water pollutant degradation. The results of toxicity investigation show that using
photosensitive chitosan for visible-light the toxicity of reaction mixture towards V. fisheri, is much
lower. However, the ECsq was found to increase over the irradiation time, this increase was not
proportional to the transformation of the parent compounds.
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We have proved the feasibility of using ilmenite (FeTiO3) as catalyst for CWPO process,
assessing the role of initial pH. The presence of iron and titanium in its structure lets at least two
routes to generate HO- radicals, through CWPO and photocatalytic processes. Moreover, the
photocatalysis lets the degradation of refractory compunds to HO- oxidation process, such as oxalic
and acetic acids. The employed catalyst concentration was 450 mg-L™ with the stoichiometric
amount of H,0, to mineralize 100 mg-L™ of phenol solution [1]. The experiments were carried out
at 30°C in an immersion-wall batch photoreactor with a 150 W medium pressure Hg lamp (TQ-150
from Heraeus).

Under CWPO, at dark conditions, TOC conversion was highly related to the initial pH. At pH 3,
H,0O, decomposition was low (55%) after 480 min with a 50% of TOC reduction (Figure 1A and
1B). This is related with the presence of Fe (I11) in ilmenite surface. At this pH interaction between
H,0, and Ilimenite surface is favored. However, at pH 6, this reaction is not favoured since ilmenite
is characterized by a slight basic slurry pH. In both experiments pH was kept constant throughout
the trial.

On the contrary, CWPO-Photoassisted process seems not to be affected by the initial pH value.
The mineralization degree significantly increased, up to 97% at pH 3 for the same reaction time,
being H,0, conversion close to 100%. At pH 6 the mineralization degree was similar, but faster.
This fact can be attributed to different factors: the influence of light upon redox Fe(ll1)/Fe(ll) cycle
which increases reaction rate, the photogenerated electron/hole pairs which oxidize directly organic
matter and also gives rise HO- and HOO- radicals and the breakdown of iron complexes through a
ligand-to-metal charge-transfer (LMCT) which leads to the reduction of ironand mineralization of
the short-chain acids. The evolution of TOC and H,O, conversions (Figure 1B) discards the
occurrence of scavenging reactions at both initial pH.
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Figure 1.: A: TOC evolution for CWPO process (opened circles) and CWPO-Photoassisted process
(closed circles) for different initial pH values. B: TOC conversion vs. H,O, conversion.
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In the last few years, emerging pollutants have been detected in natural waters and wastewaters
due to analytical technological advances [1]. The presence of these pollutants in the effluents of
waste water treatment plants (WWTP) makes difficult its reuse, so it is necessary to research ways
to remove them. Caffeine is an emerging pollutant present in WWTP effluents because of its high
solubility and persistence; it is also used as indicator of anthropogenic pollution on the environment
[2]. Nowadays, AOPs based on photocatalytic processes are used to reduce emerging pollutants in
water [3]-[5]. TiO2/UVA and Fenton like processes are selected in this research work.

The aim of this research work is to compare the behaviour of Fenton like processes and
photocatalysis with TiO, for the degradation in different water matrix.

Experiments were carried out in a solar chamber (wavelength range from 320 to 800 nm and
intensity radiation of 500W/m?). The reagents are TiO, (P25 and Levenger; 0-2 g/I), iron oxides (0-
2 g/l), H,O, (48-88 mg/l). In both treatments, catalyst separation is studied. In the case of iron
oxides, their magnetic properties are also analysed [6].

The treatment based on TiO,/UVA achieved a 40% Caffeine degradation and a 5% complete
mineralization (TOC reduction) in wastewater treatment plant efluents (60 minutes and 1 g/l of
both TiO,). Fenton like processes achieved a 20-25% Caffeine degradation and a 10-20% complete
mineralization with a 2 g/l of Iron oxide, in wastewater treatment plant efluents (60 minutes). The
degradation in ultrapure water is higher than in wastewater by both treatments. According to this
results, TiO,/UVA treatments are more effective in order to degrade Caffeine, but Fe/UVA/H,0,
treatments are able to mineralize a higher amount of organic matter.
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In recent years, the occurrence, toxicity, and removal of personal care products and
pharmaceuticals, which are considered as contaminants of emerging concern in the water cycle,
have been extensively studied. In most cases, conventional biological treatment is not able to
completely eliminate these compounds. Consequently, micro-pollutants can accumulate in the
environment, where they can cause adverse effects due to their inherent biological potency toward
organisms even at extremely low concentrations [1,2]. Among other xenobiotics, parabens, the
alkyl esters of p-hydroxybenzoic acid, have spurred the interest of the scientific community.
Parabens are preservatives mainly used in food and personal care products including, among others,
products for children [1,2].

Advanced oxidation processes (AOPSs) are a group of processes based on the in situ production
of very reactive species (radicals), and they are considered as a promising alternative for micro-
pollutant degradation in wastewater treatment. Among other AOPs, the sulfate radical AOP has
been discussed in the literature as an efficient and affordable process. Sodium persulfate (SPS)
(Na;S,0g) has recently attracted the attention of the scientific community as a promising source of
sulfate radicals because of its moderate cost and its high redox potential (2.01 V) [3,4].

In this work, we studied the application of new generation of ultraviolet light-emitting diodes
(LED) for the activation of sodium persulfate to remove propyl paraben from various water
matrices. Experiments were performed to study the effect of various parameters such as the initial
concentration of propyl paraben, the concentration of oxidant, the light intensity, the effect of pH
and the water matrix. Experiments were conducted with a UV-A LED (10 W) at 365 nm. The
reactor volume was 120 MI, while changes in the concentration of propyl paraben were assessed
using a Waters Alliance 2695 HPLC equipped with a PDA detector at 254 nm.

The experimental results showed that propyl paraben removal follows pseudo-first order kinetics
regarding its initial concentration, while the apparent kinetic constant decreased when the initial
concentration increased. Furthermore, the addition of higher concentrations of persulfate
significantly increased propyl paraben removal. For example, the kinetic constant for the removal of
200 pg/L propyl paraben increased from 0.0116 to 0.1661 min™ for SPS concentrations of 100 and
500 mg/L, respectively. Interestingly, the addition of sodium chloride up to 100 mg/L or the
presence of other ions typically found in drinking water did not inhibit the reaction.
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During the last years, due to their adverse effects on the surroundings, antibiotics have become a
new class of water contaminants of emerging concern. UVC/H,0, photochemical processes have
shown good results in the decontamination of water containing this kind of micropollutants [1]. In
this study, the degradation of a model antibiotic, oxytetracycline (OTC), by a H,O,/UVC system
was evaluated in real urban wastewaters using two different photoreactors: a Jets reactor and an
innovative FluHelik reactor.

The FluHelik reactor corresponds to a tubular reactor in which a stainless steel cylindrical
housing (din = 64 mm; length = 184 mm) with tangential inlets contains a concentric quartz tube
(dext = 23 mm; length = 184 mm) housing a 6 W UVC lamp (Viiuminaeed = 516 mL). The Jets reactor
corresponds to a tubular reactor in which a borosilicate glass cylindrical housing (di,; = 66 mm;
length = 184 mm) with 4 axial inputs contains a concentric quartz tube (dext = 23 mm; length = 184
mm) filled with a 6 W UVC lamp (Viiuminatea = 553 mL). The light path-length and the photonic
flux, measured by 2-nitrobenzaldehyde actinometry, was 20.5/21.5 mm and 2.0/1.8 Jyys™,
respectively for FluHelik/Jets photoreactors.

The oxidation of 20 mg OTC L™ in an urban wastewater matrix was first evaluated in the
lab-scale Jets photoreactor with an axial flow (Q = 100 L h™, Re = 446) at pH 7.5 and 25°C,
irradiated by a 6 W UVC lamp and varying the H,0O, initial concentration (100, 500, 1000 and 2000
mg H,0, L™). The OTC degradation increased with increasing initial oxidant concentration, within
the concentration range tested. However, similar mineralization results were obtained for hydrogen
peroxide concentrations higher or equal to 500 mg H,O, L™*. With 500 mg H,0,L™, the OTC
removal up to the analytical detection limit is reached after 1.4 kduy L™, achieving a mineralization
of 65% with 17.3 kJyy L™

The same procedure was repeated using the FluHelik photoreactor, leading to an optimal oxidant
concentration of 500 mg H,0, L™ (Q = 100 L h™, Re = 456). Under these conditions, the OTC
removal up to the detection limit was achieved after 0.8 klyy L™ of accumulated UVC energy, 2
times lesser than with the Jets Reactor, and a mineralization of the remaining by-products of 71%
using 14.4 kduy L. The helical movement of the fluid around the radiation source promotes a
longer contact time of the fluid with the photons and maximizes fluid turbulence and mixing.

Finally, the degradation of 20 mg OTC L™ in an urban wastewater matrix at pH 7.5 and
25° C was also analyzed in a pilot-scale FluHelik reactor (di,; = 150 mm; length = 480 mm; light
path-length = 51 mm; Vijuminated = 7.6 L) with a 95 W UVC lamp (photonic flux = 19.3 Jyv s'l). The
best result was also reached using 500 mg H.0, L™ (Q = 7500 L h™, Re = 15000), achieving the
total OTC degradation, below the detection limit, with an accumulated energy of 1.2 kiyy L™ and a
mineralization of 63% using 12.4 kJyy L2,
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A variety of anthropogenic chemicals are able to disrupt the endocrine system of wildlife and
humans. As a result, the principal functions of several hormones are severely compromised, directly
affecting reproduction and development. In particular, bisphenol A (BPA), an intermediate in the
manufacture of polycarbonate, epoxy and polysulfonate resins, aroused an enormous interest in the
scientific community due to its worldwide production, extensive use and acute/chronic toxicity.
Elimination of BPA in water and wastewater by biological processes, chemical oxidation and
advanced oxidation processes (AOPs) has been extensively studied. More recently, the potential of
zero-valent metal (e.g. aluminum; ZVA) activation of common oxidants such as hydrogen peroxide
(HP) and persulfate (PS) has also been explored for the degradation and detoxification of aqueous
micropollutants. It is crucial to examine whether a new treatment system is ecotoxicologically safe or
not considering that these substances have to removed from very complex effluent matrices. In order
to contribute to this problem, the effect of varying inorganic (chloride, nitrate, sulfate and phosphate)
and organic (represented by Aldrich grade humic acid) solutes on the removal of BPA (8.8 uM) in the
presence of HP (0.25 mM) and PS (0.25 mM)-activated ZVA nanoparticles (1 g/L) was investigated
at pH 3. Figure 1 compares changes in normalized values of residual BPA during ZVA/HP (a) and
ZVA/PS (b) treatments. It could be demonstrated that the ZVA/PS treatment system was superior and
BPA oxidation kinetics was most negatively affected by the presence of PO,” (10 mg/L) and hence
the solute mixture containing all components of the simulated wastewater. Humic acid (contributing
to around 10 mg/L organic carbon in the reaction solution) accelerated BPA oxidation rates by
increasing solubility of active sites in the reaction solution. BPA degradation was dramatically
inhibited particularly in the presence of sulfate (250 mg/L), chloride (250 mg/L) and nitrate (50 mg/L)
during ZVA/HP and ZVA/PS treatments, respectively. Acute toxicity tests indicated that the relative
photoluminescence inhibition decreased appreciably after application of the selected oxidation
systems, whereas the overall DOC removals were obtained in the range of 30% (ZVA/HP) and 57%

(ZVAIPS).
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Figure 1.: Normalized BPA values obtained during ZVA/HP (a) and ZVA/PS (b) treatments in the
presence of selected organic and inorganic solutes. The “Control” experiment refers to the absence of

solutes; in the “SolMix” experiments all studied solutes were added to aqueous BPA solution as a mixture
(BPA, =2 mg/L; pH3; 1 g/L ZVA,; 0.25 mM HP; 0.25 mM PS).
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Advances in pharmaceutical and agrochemicals offer solutions to solve different problems of
current society. However, as a result, water effluents containing either pharmaceutical or
agrochemicals or their methabolites contribute to a more polluted environment. Although in their
production process the outflow of a factory can be controled, a delivery in wastewaters due to their
consumption is out of control. These chemicals tend to end in the water network, and once at the
water treatment plant, they are not easily destroyed.

Under this context, advanced oxidation processes and, in particular photocatalysis, can act as
powerful techniques to produce decomposition of these chemicals. For instance, Rose Bengal is a
well-known photocatalyst [1] that has been widely used due to its high quantum yield of 'O,
formation (®, = 0.76-0.83) [2]. For this reason, when it has been applied for wastewater
remediation, the observed photodegradation has been, in general, attributed to the *O,. However, it
can also react through electron transfer; therefore competition Type | vs Type Il oxidation deserves
further investigation to stablish the real mechanism involved.

In this study, perinaphtenone (PN) has been initially used in order to improve detection
properties. PN is also able to generate 'O, (®, =1) [3] and has a redox potential of -1.1 V (vs SCE)
[4] so it can also act as a Type | photocatalyst. Different commonly used drugs, such as
acetaminophen, have been selected for this study. Photodegradation of these pollutants proceeded
with good yields even under anaerobic atmosphere. Laser flash photolysis experiments revealed
guenching of the triplet excited state of PN with formation of PN, (Figures 1A and B), and
quenching of 'O, was also measured. A plausible mechanism to explain the photodegradation of
these drugs has been postulated, based on a combined analysis of Type | and Type Il results.
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Figure 1.: Quenching of SPN” (Abs py 3. = 355 nm=0.3) with increasing amounts of ACF [ACF] = 0 -1mM

recorded at 390nm (A). Generation of PN~ with increasing amounts of ACF [ACF] = 0 -1mM recorded at
350nm (B)
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Our modern world is deeply dependent on fossil fuels. Unfortunately, the resources are
becoming thinner and also their combustion causes growth of carbon dioxide emissions. From these
reasons, it is necessary to find a new source of energy, which should be clean and renewable.
Hydrogen is at present very promising material meeting these requirements. The
photoelectrochemical water splitting is an interesting way of hydrogen production and can be
provided by using solar irradiance as a source of energy. However, this process requires
photocatalyticaly active electrode — photoanode. As a photoanodic material a synthetic hematite is
attracting a considerable attention. The main advantage of hematite is based on its ability to absorb
also visible light, so using hematite photoanode it is possible to split water by solar irradiation.
Bandgap of approximately 2 eV enables hematite to absorb 30 — 37% of solar photons (by 1.5 AM)
[1].

The typical transparent conductive substrate is glass coated with a thin layer of fluorine-doped
tin oxide (FTO). Lower conductivity of hematite requires the use of a suitable metal dopant (Ti, Si,
Sn, Cr, Zn, Pt, Co) [2]. This dopant can be introduced into the hematite films either during the film
deposition or due to the Sn diffusion from FTO layer by post annealing [3].

In this work, the hematite layers were prepared by aerosol pyrolysis deposition onto FTO glass
substrate. As precursor agueous solution of Fe** jons was used. In the case of doped layers, the
precursor solution contained also ions of doping element. Clean FTO glass was placed on a hotplate
and exposed to a stream of precursor aerosol carried by a compressed air. The main investigated
parameters were deposition temperature, precursor concentration, deposition time, dopant content.
The layers were characterized by XRD, SEM, UV VIS spectroscopy and by the measurement of
photocurrent (solar simulator) and IPCE values in alkaline electrolyte.

XRD analysis proved that all prepared layers contained hematite. With increasing deposition
time a layer thickness increased. The photocurrent value was considerably improved by increasing
hotplate temperature (range 480 — 650°C). The same effect was caused by decreasing Fe®'
concentration in precursor solution which also resulted in better homogeneity of fabricated layers.
Doping of layers had a positive influence on photocurrent, e. g. Sn doping increased the
photocurrent value more than hundred times. However, thicker layers showed lower photocurrent
values, which can be caused by the short diffusion length of hematite.
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Sulfonamides, an antimicrobial group, are found in concentrations ranging from ng L™ to pg L™
in the environment. They are mainly derived from agricultural, pharmaceuticals industries and
human activities. These drugs have caused effects in the microbial population that could be
potentially hazardous to human health. It is estimated that 80% of administered antimicrobials and
their metabolites enter the environment despite the use of many processes in Wastewater Treatment
Plants (WWTPs) [1]. Advanced oxidation processes (AOPs), like heterogeneous photocatalysis, are
recognized to destroy recalcitrant compounds or, at least, to transform them into biodegradable
species [2]. Therefore, in this work, the degradation of three sulfonamides (sulfadiazine (SDZ),
sulfamethazine (SMZ) and sulfathiazole (STZ)) in aqueous solutions was evaluated, and the toxicity
of the solutions throughout the processes was monitored. Photolytic and photocatalytic tests were
performed using a UVA radiation lamp (Amax = 365 nm) in different matrices (ultrapure water,
mineral water, tap water, dechlorinated tap water and lake surface water). The work solution (1 L)
was fortified with 100 pug L™ of each sulfonamide. The catalyst suspension load (P25 from Evonik)
was 100 mg L™ Acute toxicity tests were performed using the bioluminescent marine bacteria
Vibrio fischeri.

A faster degradation of SDZ was observed, followed by SMZ and STZ during photocatalytic
assays in ultrapure water and tap water. Regarding the other matrices, the degradation of SMZ was
higher, followed by SDZ and STZ. Photolysis was inefficient for sulfonamides degradation,
showing a degradation efficiency less than 10% for SDZ, 7% for SMZ and 2% for STZ.

Mineral salts and organic matter may have inhibited the photocatalytic process efficiency. In
comparison to experiments with ultrapure water, there was a degradation efficiency decrease of
50% for SDZ, 31% for SMZ and 58% for STZ when mineral water was used. Experiments with
dechlorinated tap water showed an efficiency decrease of 38% for SDZ, 9% for SMZ, and 58% for
STZ. For lake surface water, it dropped 59% for SDZ, 63% for SMZ, and 65% for STZ. For tap
water, it was observed only a significant decrease of STZ degradation (21%) compared to ultrapure
water.

In relation to toxicity tests, it was noted that the maximum inhibition of bacteria bioluminescence
was 20% for sulfonamides initial solution concentration in all evaluated matrices. During the
photocatalytic process, no significant increase in toxicity was verified. Finally, after 255 minutes
(photon flux of 41 kJ L™), there was a bioluminescence inhibition of 36% for ultrapure water, 24%
for mineral water, 14% for tap water, 42% for dechlorinated tap water, and 29% for superficial lake
water.

Then, it is possible to conclude that the degradation of sulfonamides presented a higher
degradation rate for ultrapure water, followed by tap water, dechlorinated tap water, mineral water
and lake surface water. Besides that, there was no significant increase in the solutions toxicity after
the photolysis and photocatalysis processes for any of the evaluated conditions.
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Self-cleaning paints contain besides usual pigment and fillers also particles of photocatalytic
material, mostly TiO, in anatase modification. The current commercial application of photocatalytic
paints is manly with regard to exterior facade paints which, via the photocatalytic process, are not
susceptible to soiling and so help to keep the surface of the building clean. Recently, photocatalytic
paints for indoor or outdoor use which have to improve air quality appear also on the market.

The objective of this paper is to investigate the influence of accelerated weathering on
photocatalytic activity of acrylic paint containing 8% of commercial photocatalyst. Photocatalytic
activity was determined using 1SO 22197-2 [1] and also using method which is based on Resazurin
(Rz) or Acid Violet 7 (AV7) ink. This method is very convenient as a quick indicator of
photocatalytic activity [2,3].

Before weathering photocatalytic active surface is blocked by the film of the binder, therefore
it is not surprising that such paints exhibit negligible photocatalytic activity. After weathering the
thin binder layer has been degraded which results in an increase of photocatalytic activity. This
increase was proved by the oxidation removal of acetaldehyde due to its oxidation (Fig. 1) and also
by discolorization of AV7 ink due to AV7 reduction. This indicates a good correlation between
both methods
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Figure 1.: Rate of photocatalytic reduction of AV7 (on the left) and rate of photocatalytic oxdiation of
acetaldehyde (on the right)

The second objective was to prove the self-cleaning properties of paint in atmospheric
conditions. Active samples and also reference samples without photocatalyst were exposed to
atmospheric conditions and the degree of soiling was determined visually and also by objective
colorimetric measurement.
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Currently, the production of self-cleaning textiles supported with photoactive nanoparticles is of
great interest. The decontamination of organic dyes, discoloration of wine and coffee stains, and
degradation of gaseous pollutans over the self-cleaning textiles have been reported [1, 2]. The
antibacterial activity for such textiles has been also described. But a self-degradation of the
photoactive textiles under long-term UV irradiation remains a problem.

In this study, we employed several preparation methods for modificaton of cotton fabric to
produce the self-cleaning material with a high photoactivity and a high stability against the self-
degradation. The following technique was selected as an optimal method: the deposition of SiO,
layer by the impregnation of cotton fabric with tetraethyl orthosilicate and treatment by water vapor
at a temperature of 60 °C for 20 min followed by the deposition of TiO, layer by the impregnation
with a slurry of nanocrystalline TiO, in the TiO, colloid, obtained by the hydrolysis of titanyl
sulfate with neutral pH. The synthesized material had a photocatalytic activity under UV irradiation
due to the presence of nanocrystalline TiO, and a high stability against the self-degradation due to
SiO, protective layer, which prevents direct contact of the TiO, nanoparticles with the surface of
cotton fibers.

Based on the oxidation of acetone, NH3 and diethylsulfide (DES) vapors, the synthesized
material has been shown to clean own surface and the environment from organic and inorganic
contaminants by the complete oxidation to the harmless products under UV light. An intermediate
during the DES oxidation was acetaldehyde but it was completely oxidized to CO, and water under
long-term UV irradiation. The main products during the NH3 oxidation were molecular nitrogen
and nitrates but a small amount of N,O was also detected. The selectivity, calculated as the ratio of
initial N,O accumulation rate towards the NH; removal rate, did not exceed 0.75%.

The synthesized material had the antibacterial activity against the E. Coli bacteria under UV
irradiation. More over, the activity remained even after turning off UV irradiation. To evaluate this
effect, the material was UV pretreated for 30 min and stored under sterile conditions for another 30
min. After that, the material was impregnated with a nihgt culture of E. Coli. As a result, the
number of bacteria on the surface of the synthesized material was decreased by 1.5 times compared
to the unmodified fabric pretreated by the same way. This result can be due to the formation of
long-lived reactive species (e.g., hydrogen peroxide), which formed on the surface of photoactive
textile under UV irradiation.
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Parabens are esters of parahydroxybenzoic acid which have been widely used for several years
as drug and cosmetic additives as well as food preservatives due to their antimicrobial and
antifungal properties combined with low toxicity and stability. Their continuous use in everyday
products has raised concern about the possible repercussions to human health and the environment
[1,2].

Such substances enter the aquatic environment mainly through municipal wastes. Parabens have
been traced in surface water samples and they can easily be transferred into drinking water due to
inadequate degradation by conventional wastewater treatment methods. It is therefore essential that
effective degradation methods of such substances, in aquatic systems, are investigated and
developed [1,2]. Among physicohemical methods, Advanced Oxdation Processes are a type of
processes based on the generation of hydroxyl radicals, a highly reactive species, which promote
organic compound oxidation, while heterogeneous photocatalysis has attracted considerable interest
in recent years [3].

This study focused on the photocatalytic degradation of propyl paraben (PP) using solar
irradiation and a semiconductor as a catalyst. The semiconductor used in the experiments was
0.04% mol Al/TIO,. All the experiments took place in a batch reactor with ambient pressure and
temperature. The solar irradiation source was a solar simulator (Newport-Oriel LCS 100) with a
Xenon vapor lamp, the power of which was 100W. The reactor volume was 120 mL. For the
analysis of the samples, High Performance Liquid Chromatography (HPLC) was used.

The effect of a number of parameters was investigated, such as the effect of Al concentration, the
catalysts concentration, propyl paraben concentration, pH, water matrix (ultrapure water, bottled
water, humic acid, river water and secondary treatment effluent), the addition of radical scavengers
such as inorganic ions and oxidative substances, the type (i.e solar and UV) and intensity of
irradiation and the reuse of the catalyst. In general, the degradation process follows a pseudo-first
order kinetics with respect to the paraben concentration and the optimum catalyst concentration is
1000 mg/L. The reaction rate decreases in the presence of ions, such as bicarbonate and chloride
ions, and of organic matter (i.e. humic acid). Overall, the degradation of parabens becomes slower
as the water matrix becomes more complex. The process seems to be favored in neutral to slightly
acidic pH and in the presence of oxidants, such as persulfates. Moreover, the catalysts’ activity
dropped from 80% to 50% after four consecutive experiments which is probably due to the
accumulation of by-products in the solution.
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The efficiency of LaFeO3; and Cu-doped LaFeO3 nanopowders in the photocatalytic degradation
of ibuprofen (IBP) has been investigated. Aqueous solutions of IBP in the presence of
photocatalyst, of H,O,, and both photocatalyst and H,O,, were irradiated under visible-light. The
experiments were carried out on aqueous suspensions containing 5.0 x10° M of I1BP, 0.003 M of
H,0,, 0.130 g L™ of catalyst. The concentration of H,O, corresponded to a mole amount that
largely exceeded the amount for the complete oxidation of IBP. Moreover, concentration of H,O,
was about 1/30 than that used in typical studies on the heterogeneous Fenton-like process. The
composition of the reaction solution during photocatalytic experiment was followed by UV-Vis
spectroscopy and HPLC. The results showed the higher photocatalytic activity of Cu-doped LaFeO3;
(5 and 10 mol%) compared to pure LaFeO3 [1]. With both photocatalysts the main degradation
product of IBP was 4-isobutylacetophenone (4-IBAP), which showed a slower photocatalytic
degradation than the parent compound.

References
[1] 1. Natali Sora, D. Fumagalli Environ Sci Pollut Res (2017). doi:10.1007/s11356-016-7640-y

270



P2-78

SYNTHESIS AND APPLICATION OF TiO2/NZVI NANOCOMPOSITES FOR THE
PHOTOCATALITYC REMOVAL OF ARSENIC FROM AQUEOUS SYSTEMS

J.M. Rdez, A. Arencibia, Y. Segura, J. M. Arsuaga, M.J. Lépez-Muiioz

Environmental and Chemical Engineering Group, Rey Juan Carlos University, C/ Tulipan s/n, 28933
Mobstoles, Spain, (juliamaria.raez@urjc.es)

The presence of arsenic compounds in drinking aquatic supplies negatively affects more than
140 million people worldwide. Due to their high toxicity, the WHO has recommended a maximum
concentration of 10 pg-L™" in water for human consumption. Arsenic is mainly found in water as
arsenite, As(l1l), and arsenate, As(V), being the former As(I1l) more toxic and difficult to remove.
For this reason, the conventional treatments for arsenic-contaminated water involve a first stage of
As(I11) oxidation followed by the removal of the resulting As(V), generally by adsorption.
Photocatalysis with titanium dioxide (TiO,) has been previously studied for the removal of arsenic
[1]. The efficiency of this process is controlled by the high rates of electron-holes recombination. In
order to reduce it, several metals such as Fe, Pt, and Nd have been used as dopants [2].
Furthermore, it has been found that the addition of metallic iron (ZV1) to titania suspensions in the
photocatalytic oxidation of As(l11) attained the adsorption of As(V) generated in situ [1]. However,
the use of composites of TiO, and nanoscale particles of ZVI (nZVI1) has been poorly explored so
far. The goal of this work is to evaluate the photocatalytic removal of arsenic from aqueous
solutions using nano-composites of TiO,/nZVI at varying titania to Fe ratios, under different
reaction conditions.

The TiO2/nZVI composites were synthesized by precipitation and reduction with NaBH, from an
iron salt (FeSO4-7H,0) in the presence of different amounts of TiO,-P25. Samples were fully
characterized by XRD, SEM, TEM, and N, sorption isotherms. The photocatalytic reactions were
performed in a discontinuous reactor provided with a Heraeus TQ-150 UV-lamp, continuous
oxygen flow and magnetic stirring. The 10 mg-L™* of As(I11) solutions were prepared from NaAsO,
at pH values of 9.5 and 3 (HCI 3.8 M). As(l1l) and As(V) concentrations were determined up to 1
mg-L™* by a colorimetric method (UV-VIS spectrometer JASCO V-630), whereas the lowest
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0.9 +ngn§¥: Sol)l) 08 .19, |4 Generation Atomic Fluorescence Spectrometry (PSA

08 Sos| 1 10.055 Millennium Excalibur).
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Niobium is considered worldwide as a strategic metal because of its diverse technological
properties and applications. According to the Mineral Commodities Summaries (2016), Brazil is the
largest producer of niobium in the world and holds more than 90% of the world reserves of this
metal.[1] Niobium oxides have very interesting semiconductive properties (n-type) that could be
better exploited. In this context, we have synthesized niobium-based materials modified with nickel
to stud their activity in photoactivated reactions of photo-Fenton and photocatalysis using indigo-
carmine dye. The photocatalysis mechanism was also investigated using DMSO, a radical
scavenger. The synthesis of the materials was done through the Evaporation Induced Self-Assembly
(EISA) method, followed by calcination at 673 K. The coupling of semiconductors forming p-n
junctions has led to an increase in the photocatalytic activity of these materials simultaneously to an
efficient separation of charges.[2] Thus, impregnated materials were prepared with different
percentages in moles of nickel, (i) 0%, (ii) 1.0%, (iii) 2.5% and (iv) 5.0%.

The impregnation with higher amounts of nickel reduced the materials surface area by closing
the mesoporous, but increased the niobium reducibility. The obtained areas varying between 100
and 142 m? g* are relatively high when compared to the niobium oxides found in the literature of
36 m? g.[2] In photo-Fenton reactions, all the materials took only 20 minutes for complete
discoloration of 40 ppm of the dye. The addition of nickel does not appear to influence this specific
reaction, neither the surface area. In photocatalysis
reactions, all the materials were able to completely
discolour the dye solution, but with different reaction N
rates. The material containing 1.0% in nickel proved to - 2% N
be better than the other catalysts, reaching a halt-life time : .
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of 32 min, probably due to its high surface area, allied to
the charge transport more efficient.
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In the presence of DMSO, the reaction rate decreases
drastically (Figure 1). This gives us an indication that the
main mechanism of the photocatalysis reactions was the the photocatalytic reactions in the presence
classic one. However, the 49% reduction in the velocity (blue) and absence (red) of DMSO.
of pure Nb,Os material and about 80% for nickel-containing materials shows that nickel
modification seems to support the indirect mechanism.

The challenges in the production and use of niobium oxides in heterogeneous photocatalysis are
still numerous, as are the solution possibilities.

Figure 1.: Apparent rate constants of
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The pollution of the aquatic environment has become an important issue. Wastewaters from
agriculture and pharmaceutical industry can pollute intensively the soil so much, that the plants in
these regions may have remanescent pesticide contamination levels which can seriously damage the
health of animals and humans who are consuming them.

This environmental issue can be solved by applying heterogeneous photocatalysis. by degrading
most of organic pollutants to carbon-dioxide and water [1].

In this moment the TiO, is one of the most frequently used semiconductor photocatalysts,
because of its several beneficial properties (physical and chemical stability, safety, low cost, and
resistance to photocorrosion) [2] but this compounds has also some draw-backs (possible
carcinogen and low activituy under visible light) [3]. For this reason it is important to find a low
cost and nontoxic semiconductor with visible light driven photocatalityc activity.

In the present work we have successfully synthesized differently shaped CuO and CuxS
nanocrystals applying various precursor salts (CuCl,, Cu(CH3COO);) and shape controller agents
((CeHgNO),, — PVP, EO20PO70EO, — P123) using hydrothermal crystallization. The synthesis were
performed at several temperature (120 °C-200 °C) and pH value (4.5-5.5), for the optimization of
these parameters.

The nanocrystals were investigated by specific characterization methods (transmission electron
microscopy, scanning electron microscopy, X-ray diffraction analysis, diffuse reflectance
spectroscopy and Raman spectroscopy) to uncover morphological (crystal shapes and crystal size),
optical (band-gap values), and structural peculiarities (crystal structure).

The photocatalytic activity of these materials were sucessfully investigated in the
photodegradation of organic compounds (phenol, oxalic acid and colorants) and in photocatalytic
hydrogen producton (with oxalic acid as a sacrificial agent).
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Photocatalysis is an increasing researched field that offers an alternative for the degradation of
organic pollutants. The dangerous organic contaminants can be oxidized to CO, and H,O by using
the adequate photocatalysts and UV-light.

In the present research copper nanoparticles were deposited on three different commercial
titanias (Evonik Aeroxide P25, Aldrich Anatase-AA, Aldrich Rutile-AR). During the synthesis, the
concentration of copper (0,5 %, 1 %, 5 %, 10 %) was changed in order to achieve the optimal
composite-composition. Ternary composites were also obtained, containing P25, Cu and Pt. The
deposition order (Cu or Pt was reduced first: Cu/Pt, Pt/Cu) and the proportion of Cu and Pt (99%
TiO, in all cases, 0,25% Cu, 0,75% Pt and vice versa) were taken into consideration, while
impregnation and in situ methods were used. For the obtained composites the photocatalytic activity
was evaluated under UV-light (365 nm), using methyl orange and ibuprofen/ketoprofen as a model
pollutant. The morpho-structural properties (crystal phase, particle size, band gap energy) were
investigated by using SEM, TEM, DRS and XRD methods.

The nanomaterials containing Cu and AA the copper enhanced the photocatalytic activity of the
composites. Where 10 % of Cu was applied new diffraction peaks appeared between 30-35 26° that
proves the presence of CuO.
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Carbon nanotubes (CNTSs) are combining high electrical and thermal conductivity, high chemical
stability, charge separation abilities and extremely high mechanical strength in a unique way. One
of the most investigated synthesis method (beside the arc-discharge and laser ablation in furnace) is
the one involving chemical vapor deposition, also known as catalytic CVD [1]. This method allows
to control the alignment of the synthetized CNTSs, using hydrocarbon vapor (e.g. methane or
acethylene), being a simple and economic technique for synthetizing of vertically aligned CNTSs (so
called “carbon nanotube forests™) at a relatively low temperature [2].

Taking into account the above mentioned aspects, the main aim of the present work was the
synthesis of vertically aligned carbon nanotubes on a conductor’s surface [3] using CCVD method,
by changing the concentration ratio of the catalyst precursor[4].

As second step, in order to merge the advantages of the CNT forests and a semiconductor oxide,
the carbon nanostructures were impregnated with tungsten oxide precursors [5].

The as obtained vertically aligned nanostructures’ morphology was characterized by XRD (X-
ray Diffractometry), TEM (Transmission Electron Microscopy), comparing the obtained structures’
properties with the concentration ratio of the catalyst and the WOj3 precursors.
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The photocatalytic activity of titanium dioxide was perceived almost a century ago. Since then,
heterogeneous photocatalysis has been widely studied for multiple environmental applications.
TiO,-based photocatalysts are still the most used photocatalysts, despite presenting some major
drawbacks, such as their requirement for UV light irradiation for activation [1]. As a consequence,
technological development is moving towards the development of catalysts with improved solar
sensitivity in order to enhance the efficiency of pollutant decontamination under solar radiation [2].

Magnetron sputtering is a well-established technique for the deposition of coatings (thin films)
onto various substrates and is readily scalable (Ratova et al., 2017). In this context, this work
combines environmental and surface engineering technologies and presents a solution in the
development of novel supported photoctalysts activated by solar radiation, which are easily
manageable in water detoxification facilities.

In the present work, titanium dioxide coatings and coatings combining titanium dioxide with
niobium pentoxide, were deposited onto 2 mm diameter spherical glass beads in a single stage
process. Deposition took place in a vacuum coating system that included two planar unbalanced
magnetrons in a closed field sputter down configuration, facing an oscillating bowl that contained
the beads. For the titanium dioxide coatings, titanium targets were fitted to each magnetron and for
the combined TiO2/Nb,Os coatings, one of the Ti targets was replaced with a Nb target. The targets
were reactively sputtered in an Ar / O, atmosphere in pulsed DC mode. For each run a 20 g charge
of 2 mm diameter spherical glass beads was loaded into the oscillating bowl. The deposited
coatings were annealed in air at 400°C and then analysed by EDX (data not shown). The specific
surface areas of the materials were determined with Brunauer—Emmett—Teller (BET) surface area
measurements (data not shown).

Solar photocatalytic properties of the coated glass beads were investigated using methylene blue
dye degradation tests adapted from ISO 10678. During these tests 10umol L™ of methylene blue
solution was exposed to solar radiation until the accumulated radiation reached 10 kJ L™ (measured
with a Kipp & Zonen CMP10 solar radiometer coupled with a datalogger). The absorbance decay of
the methylene blue solution was assessed by UV-Vis spectrophotometry.

Results showed that glass beads coated with titanium dioxide coupled with niobium pentoxide
(Ti/Nb) achieved considerably higher degradation rates of methylene blue than the beads coated
with only titanium dioxide (47% improvement).
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The current work presents different approaches to overcome mass and photon transfer limitations
in heterogeneous photocatalytic processes applied to the reduction of hexavalent chromium (in
aqueous solution) to trivalent chromium. Concerning mass transfer limitation studies, a monolithic
tubular photoreactor (MTP) and a micro-meso-structured photoreactor (NETmix) providing high
catalyst coated surface per reactor volume were applied, maximizing the reactants/pollutants contact
with the catalyst surface. To supress photons transfer limitations, transparent cellulose acetate
monolithic structures (CAM) coated with the catalyst by a dip-coating method were used, resulting
in a high illuminated catalyst area per unit of reaction liquid volume inside the tubular reactor (212
m? m'3reactor). In order to achieve an uniform irradiance over the entire catalyst surface and through
the entire reactor depth, it was used the NETmix reactor, with small size prismatic channels (2 mm
X 1 mm x 3 mm) and cylindrical chambers (diameter = 6.5 mm, depth = 3 mm), presenting at the
game time short molecular diffusion distances and large specific interfacial areas (482 m?%; m’

reactor)-

In the NETmix a thin film of photocatalyst was uniformely deposited on the front glass slab or
on the network of channels and chambers imprinted in the back stainless steel slab using a spray
system. The photonic fluxes measured by 2-nitrobenzaldehyde actinometry were 0.47 and 0.18 J s™
for the MTP and NETmix, respectively, when irradiated by simulated solar light. A photonic flux of
0.23 J s™ was obtained for the NETmix illuminated by UVA-LEDs light.

Using the same amount of catalyst in the NETmix glass slab, the reduction of Cr(VI) increased
in the following order using simulated solar light: Fe,03 < ZnO < WO3; < CdS < TiO,-PC500 <
TiO,-PC105 < TiO2-P25 (Ccrvipo = 0.02 mM; pH = 3.0; T = 25 °C; Crartaric acia = 1.8 MM, used as
scavenger agent). The reactivity of the photocatalyst in combination with the reactor (molcyi
converted M reactor volume s‘l) has a 10-fold increase for the NETmix (glass slab coated with TiO,-P25)
when compared with the MTP, considering the optimum catalyst amount for each system. For
MPT, the light flux decreased substantially across the monolithic walls due to light absorption by
the catalyst thin films, resulting in non-illuminated surfaces.

The reaction rate remained similar for both types of illumination sources (solar light or UVA-
LEDs) using the NETmix with the front glass slab coated with TiO,-P25. However, when compared
with solar light a 1.5-fold increase was observed using the back stainless steel, also coated with
TiO,-P25, irradiated by UVA-LEDs. The illumination efficiency was improved through the use of
UVA LEDs, which were placed in contact with the front glass slab of the NETmix, leading to a
small distance between the light source and the catalyst surface. Beyond that, a 3-fold increase was
observed for the NETmix with the catalyst thin film in the back stainless steel slab, when compared
with the front slab, using UVA-LEDs, since in the last one the charge carriers are generated far
from the liquid-catalyst interface (back-side-illumination mechanism) and consequently, are more
susceptible to recombination losses.
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Alloy metallic thin films were deposited by high power pulsed magnetron sputtering
(HIPIMS) on a glass substrate with a FTO electrode. Two component alloys were prepared by
HIPIMS co-sputtering from two independent magnetrons respectively. Each magnetron was
equipped by a target made of different metallic material. The final composition of alloy thin film
was controlled by the ratio of applied electrical power on particular magnetrons. Another approach
of preparation of alloy thin films was HIPIMS magnetron sputtering of the single target which is
composed from several sectors made from different elements. The composition of alloy thin films
was controlled by relative areas of particular sectors. Both methods were used for preparation of Fe-
Ti alloy thin films with different atomic ratio of Fe/Ti. These alloy thin films prepared on
conducting FTO were anodized and oxide nanotubes were created from these films. Anodized
layers were amorphous and transparent. After calcination layers consist of hematite Fe,Os;
nanotubes. Even after calcination, titanium was present as amorphous TiO,. |Its
photoelectrochemical properties show that increasing amount of titanium results in higher
photocurrent compared with the layer prepared from pure iron by the same technique. Similarly
alloy thin films of Fe-Pt were deposited by HIPIMS magnetron sputtering and nanotubes were
created by anodization. Finally three component alloys Fe-Ti-Pt with different amount of Ti and Pt
were deposited by HIPIMS magnetron sputtering with segmented target made of Fe, Ti and Pt.
Resulting alloys were anodized on oxide nanotubes and photocurrents were measured and evaluated
for particular composition.
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Titanium dioxide and its photocatalytic applications still attract extensive interest. However, in
view of the fact that titanium dioxide nanoparticles still exhibit several limitations hindering their
wide range of industrial utilization, the doping of TiO; is currently intensively studied as one of the
posibilities to improve its photocatalytic properties. Among the various approaches, nonmetal
doping is one of the promising techniques. Therefore, the aim of this work was to prepare N-doped
2D-TiO; nanosheets and thus shift light absorption of photocatalyst to the visible-light region.

In the first step of the preparation, titanyl sulphate was dissolved in distilled water at 35°C. The
colourless solution was precipitated by ammonia solution until pH 8. The white precipitate was
filtered and washed to remove SO4> and NH," formed in the reaction. Then pH was reduced by
adding hydrogen peroxide and the yellow transparent colloidal solution was obtained [1,2]. At the
end of the synthesis, nitrogen in the form of urea was added into the yellow colloidal solution of
peroxo titanic acid so that urea and TiO, were in the three different ratios of 1:10, 1:2, and 1:1.
Prepared colloidal solutions with different nitrogen content were lyophilized and dried powders
were annealed at 350, 400, 450, 500 °C.

N-doped 2D-TiO, samples were studied by X-ray diffraction, electron microscopy, EPR
spectroscopy, and XPS. The specific surface area was determined by the B.E.T. method and the
photocatalytic activity was characterized using 4-chlorophenol (4-CP) in an aqueous solution, in
both, UV and visible light.

The porous layered structure for all samples was confirmed by SEM. In XPS spectra, the line for
N 1s with binding energy of 400eV was found. EPR experiments validated the influence of nitrogen
doping on the formation of paramagnetic centers upon visible light photoexcitation in the samples
annealed up to 400 °C. Hower in aqueous phase, doping did not result in an increase of the
photocatalytic activity in UV region in comparison with non-doped sample and commercial
standard P25 (Evonik-Degussa) and the photocatalytic activity in visible region was even lower.
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Electrochemical photocatalysis on TiO is an innovative and rather unknown class of advanced
oxidation processes (AOP) for water treatment. The photoactive coating is grown directly on
titanium wire meshes, it shows good mechanical adhesion to the substrate and good electrical
conductivity. During wastewater processing, an electrical bias can be effectively applied to the
catalyst trough the wire mesh, leading to a synergistic effect with UV light and a faster degradation
Kinetics with respect to comparative either photocatalytic or electrochemical processes.

Photoactive TiO, coatings are obtained by a number of techniques including sol-gel, CVD, RF
Magnetron Sputtering, Plasma Spray, Electron Beam Evaporation, Anodic Oxidation [1] and
Plasma Electrolytic Oxidation (PEO) [2]. In the present study, the catalyst is obtained by Plasma
Electrolytic Oxidation.

The electrochemical photocatalysis on TiO, coatings obtained by electrochemical methods has
been already tested on the azo-dye RR243 [3], which is a typical pollutant contained in textile
wastewaters. In the present study, the technique is explored by investigating the decontamination of
aqueous solutions containing the pharmaceutical drug Carbamazepine, which is one of the
important pollutants in municipal wastewaters. The process is carried out in a laboratory-scale
tubular photocatalytic reactor working in semi-batch mode under electrical polarization of the
catalyst. Neither UV irradiation of the TiO, catalysts nor the electrical bias individually considered
lead to a significant reduction of the pollutant concentration. By irradiating the catalysts with UV-C
light while applying an electrical bias to the same, the concentration of the dye dramatically
decreases. The technique is compared to conventional photocatalysis on Degussa P-25 TiO,
powders. The main advantages of this method over current approaches for the degradation of
pollutants are that it can target an extremely wide spectrum of organic pollutants, a considerable
processing time reduction, a suitable and easy-to-scale-up reactor design and operation costs
comparable to current advanced oxidation processes. A further advantage is the relatively easiness
in the production of the TiO, catalyst by PEO.
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In the last decade the preparation and characterization as well as activity of carbon spheres (CS)
have been intensively studied. Activated CS are prepared with a various methods and carbon
precursors [1, 2]. The fabrication of titanate hollow nanospheres (H-TiO,NSs) usually show
excelent photocatalytic and electrocatalytic activity [3].

In this study a fabrication method of hybrid carbon-TiO; spheres is presented. Titanium dioxide
(Grupa Azoty Zaklady Chemniczne POLICE S.A.) was calcined in a horizontal furnace in the
atmosphere of benzene (carbon spheres pecursor) at 850-1000 °C for 0.5, 2 and 4 hours. Figure 1
shows an examplary images of obtained hybrid composites. As it can be seen after 0.5 and 2 hours
of calcination the presence of carbon-coated TiO,, graphitic or graphene flakes and carbon spheres
were possible to observe. Prolongation of the contact time between TiO, and benzene vapours
resulted in the formation of regular round and interconnected carbon structures.
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Figure 1.: SEM images of: a) TiO,-B-850-0.5, b) TiO,-B-850-2, ¢) TiO,-B-850-4, d) TiO,-B-900-0.5, €)
TiO,-B-900-2, f) TiO,-B-900-4 nanocomposites
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Efficient conversion of the solar energy to the electrical energy is one of the top issues today.
One way leading to success is based on the development of new materials with increased photon to
electron efficiency. Titanium dioxide ond hematite is one of the most studied photoanode materials
which can be used also for the photo-electrochemical water splitting. Modification of the material
of the electrodes by another photo- or electro-active species can lead to the improvement of the
photocurrents of such photoanodes.

One of the interesting and promising methods for the metal oxide layers preparation is anodic
oxidation. This well-known method can be improved by electrolyte additives which results in the
formation of layers with self organized structure. In the case of thin titanium or iron film
anodization, presence of the fluoride anion in electrolyte results in the formation of transparent
nanotubular layer of TiO, or Fe,O3 respectivelly [1,2]. The aim of the present work was the
preparation of transparent photoanodes by anodization of mixed-metal layer composed of iron with
small amount of titanium, cobalt or platinum.

All layers were fabricated on conductive fluorine doped tin oxide (FTO) glass (Solaronix,
TCO022-07). Mixed layers were prepared by anodic oxidation of alloy layers (Fe-Ti, Fe-Co, Fe-Pt)
prepared on FTO glass by high-power impulse magnetron sputtering method (HIPIMS).
Simultaneous two metal deposition can be achieved by using of two metal targets or one modified
target consisted of two metal stripes.

For anodization of prepared metal layers two electrode system with Pt counter electrode was
used. Electrolyte contains low concentration of NH4;F and H,O in ethylene glycol. Influence of
voltage and various anodization time was investigated in detail for Fe-Ti system. Anodization of
Fe-Ti and Fe-Co alloy layer can lead to transparent layer, but presence of Pt in Fe-Pt alloy results to
dark nontransparent layer. Layers were thermally annealed at 500 °C for 2 hours.

Photo-electrochemical measurements were performed in glass cell using three-electrode
arrangement in 1 M NaOH electrolyte. A Pt plate was used as counter electrode and Ag/AgCl as
reference electrode. The cell was connected to the potentiostat and irradiated by AM1.5G solar
simulator (1 sun=100 mW/cm?). Linear voltammetry of prepared layers was measured with sweep
rate 10 mV/s while periodically illuminated (5 s light/5 s dark). Amperometry at constant potential
was used to determine the ageing of prepared layers under photoelectrochemical load.

Transparent layers prepared by anodization of Fe-Ti layers exhibit good photoelectrocatalytic
properties, the photocurrent increases with increasing concentration of Ti in the layer. On the other
hand the presence of Co has not positive effect on the photoelectrochemical properties of anodized
Fe-Co alloy layers. Anodized Fe-Pt layers exhibit relativelly high photocurrents, but not negligible
values of dark current were present even at low applied potentials.
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Tungsten trioxide (WOs3) is an important material with electrical and optical properties that are
exploited for a variety of applications such as photocatalysis, electrochromic devices and gas
sensors. Tungsten trioxide is an indirect bandgap semiconductor with attractive electrical
and optical properties. The present work deals with photoelectrochemical properties of the layers
prepared by magnetron sputtering deposition. The layers were prepared on FTO glass substrates
(fluoride-doped tin oxide) at various deposition conditions. A high-power impulse magnetron
sputtering (HiPIMS) system was used for the deposition of WO3 thin films. Tungsten target was
reactively sputtered in atmosphere of Ar + O, at constant gas pressure p = 2.18 Pa. Properties of
deposited WO3 films were studied in dependence on pulsing frequency and applied impulse power.
Crystallographic structure of the films was determined by XRD, the thickness of the layers was
determined by profilometry and the surface morphology by SEM. The photoelectrochemical
properties were measured in a Pyrex three-compartment cell with xenon lamp as solar simulator
AM 1.5 G using three electrode arrangement (WE - FTO glass/WOg; CE - Platinum mesh; RE -
Ag/AgCl in 3M KCI). 0.1M Na,SO, was used as an electrolyte.

Results of Raman spectroscopy of the WOj3; thin layers show that as deposited layers (not
calcined) are amorphous. Layers calcined at temperature 450 °C exhibit an increase in roughness
which is due to the growth of crystalline phase of WOs3. Uncalcined WO3 layers do not show
photocurrent which is due to the presence of predominantly amorphous phase. Layers prepared at
frequency 66 Hz (HiPIMS) and 40 kHz (pulsed) and calcined at temperature 450 °C show the
highest photocurrent values.
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The continuing deterioration of the environment is a problem that has become more relevant in
recent decades. Air pollution is one of the areas with the greatest negative consequences. The
emission of polluting gases to the atmosphere, mainly due to the anthrogenic activity, is one of the
most outstanding concerns. Among the most dangerous gases are ozone and NOy. These
atmospheric pollutants can cause numerous harmful chemical reactions, so elimination should be a
priority. Heterogeneous photocatalysis is shown as an effective alternative with numerous previous
published works [1]. However, its application with sunlight must be improved because commercial
catalysts do not have significant photocatalytic activity in this wavelength range (400-700 nm).
One of the techniques to improve this is the incorporation of metals into the surface of the
semiconductor [2]. The incorporation of Pd may be a potent alternative, with previous work
demonstrating its good photocatalytic activity for the oxidation of gaseous contaminants [3].

In this work the surface incorporation of Pd into TiO, has been compared by two methods of
deposition: photodeposition (Phd) and impregnation (Imp). After the characterization of the
photocatalysts by different techniques (XRD, TEM, SEM, XPS, BET, UV-Vis diffuse reflectance),
we have evaluated deposits of these photocatalysts made from a dip coating process on borosilicate
plates. The main differences in the characterization are observed in UV-Vis diffuse reflectance due
to the difference in the hue of the modified photocatalysts, and in the XPS technique which shows
that the photocatalysts from Phd and Imp have higher presences of Pd® and Pd**, respectively.
Photoactivity tests have shown slight differences for 5 hours of radiation, studying the effect of
humidity and the wavelength of radiation. For UV-Vis and Vis, with 0% and 65% relative
humidity, both Pd photocatalysts can improve the photocatalytic activity of the photocatalyst
unmodified (TiO,). The impregnation method shows greater efficiency in the process. This
improvement is attributed to the presence of Pd®* and Pd**, which serve as electron traps. In studies
with longer radiation times (24 hours), the behavior of both deposits is equalized because the
radiation also causes the metal to be photoreduced. This has been demonstrated with studies of
XPS, showing a greater presence of Pd° in both photocatalysts after photoactivity test.
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Nowadays, there is a growing interest in cheaper and improved wastewater treatments, to make
industrial development and environmental protection compatible. Photocatalytic heterogeneous
technology is especially attractive when polluted effluents are characterized by low or moderate
organic charges, and solar irradiation can be used as the primary source of energy.

In this context, five commercial TiO, catalysts have been studied to discern the photocatalytic-
mechanism of photodegradation of four pesticides classified by the EU as priority pollutants:
Diuron, Alachlor, Isoproturon and Atrazine [1]. In addition, this work analyzes the effect of two
different scavengers in the oxidation process: methanol (MeOH), a strong competitor for reactions
with hydroxyl radicals in the solution phase (indirect photo-oxidation mechanism); and Nal, a
known scavenger to quench direct attack of photo-generated holes (h*) (direct photo-oxidation
mechanism).

Table 1.: Percentage of inhibition of pesticides conversion

Catalyst Diuron(%o) Atrazine (%) Alachlor (%) | Isoproturon (%o)
MeOH Nal MeOH Nal MeOH Nal MeOH Nal
HBK 85 27 87 53 88 76 89 5
P25 89 59 99 83 82 74 85 21
P90 83 52 93 82 81 78 85 11
PC105 89 42 91 75 85 66 84 8
PC500 97 16 97 37 88 37 89 0

During photodegradation reactions, the pesticides concentrations slowed down in the presence of
any of both scavengers for all studied photocatalytsts. Experimental data seem to indicate both
photomechanisms could be taking place at the same time. Taking into account the calculated
inhibition factors [2] when INa was present in the process were lower than those obtained for
MeOH, an indirect photo-mechanism mediated by HO®, and could be the main route of pesticides
photo-oxidation along this photocatalytic process.
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Protection of crop losses/yield reduction and increase in food quality is the key of benefits
associated with the use of pesticides in agriculture. However, they are potential contaminants in the
environment [1]. In addition, some of them are Endocrine Disruptors (EDs), compounds that alter
the normal function of the endocrine system, both wildlife and humans, increasing incidence of
cancer, diabetes, obesity, heart disease or reproductive health problems [2]. As a result, it is
essential to develop an effective methodology to remove these contaminants from water and reduce
the impact in the environment and population. Numerous studies have demonstrated that pollutants
can be removed from wastewater by advanced oxidation processes (AOPs). Among them,
heterogeneous photocatalysis is a process of great potential for pollutant abatement in water [3].

This study examines the kinetics degradation of six pesticides catalogued as EDs (malathion,
fenotrithion, quinalphos, vinclozoline, dimethoate and fenarimol) using heterogeneous
photocatalysis in wastewater effluent in presence of two samples of TiO,: P25 Degussa (70%
anatase/30% rutile) and Kronos vilp 7000 (anatase carbon doped). The process was previously
optimized under laboratory conditions through a photoreactor under artificial UVA irradiation
studying the catalyst loading, effect of electron acceptor (Na;S,Og) and pH. Optimum
concentrations of TiO, (200 mg L™) and Na,S,05 (250 mg L™) at pH 7 were selected for further
assays at pilot plant scale located in Murcia (SE, Spain) during July 2016. All assays were carried
out under sunlight irradiation with a photoperiod of 240 min. The residual levels of the pesticides
were determined by GC/MS in SIM mode.

The higher degradation rates were obtained using TiO, P25 Degussa (half-lives lower than 9
hours). By doping TiO, with carbon in the cationic sub lattice, the cut-off wavelength of the anatase
modification is shifted to 535 nm. Consequently only 2.32 eV has to be transferred into the system
instead of 3.2 eV for the pure anatase. In addition, the higher effectiveness of TiO, P25 Degussa can
be explained because of the stabilization of charge separation by electron transfer from rutile to
anatase what slows down recombination. The small size of rutile crystallites facilitates this transfer
and makes catalytic hot spots at the rutile/anatase very successful. In conclusion, the use of
sunlight, a renewable, inexhaustible and pollution-free energy source, alongside a commercial
available photocatalyst like TiO, offers a good strategy for water remediation.
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The purification of water from toxic pollutants and microbial contamination is an actual
environmental issue [1]. Heterogeneous photocatalysis that involves semiconducting materials is
considered today as a promising and efficient solution to this issue [1]. Silver phosphate (AgsPO,)
is a semiconductor that exhibits an energy band gap (Eg) between 2.35-2.45 eV thus AgsPO, can be
photoactivated under visible light which represents about 45 % of the natural sunlight. In addition,
the energetic position of Eq is suitable for efficient photo-oxidative processes due to the strong
oxidative ability of photogenerated holes [2,3]. As a result, silver phosphate was studied for the
photodegradation and photomineralization of organic pollutants [2,3]. However, AgsPO, is
photosensitive and silver(l) ions are easily reduced to metallic silver under irradiation by reaction
with photogenerated electrons [4]. To limit the photocorrosion of AgsPO4 and to increase its
stability and performance, composites of AgsPO,4 have been developed [4-6].

Recently, we studied the effect of different type of lights on the stability and the photocatalytic
efficiency of various AgsPO4-based composites [7]. It was demonstrated that the use of UV cut-off
filter limited the photocorrosion of photocatalysts. It was also proved that the elaboration of
composites decreased the photocatalytic activity of silver phosphate-based materials due to a
dilution of the photoactive component under visible light radiation. However in the case of photo-
induced antimicrobial properties, silver phosphate and Ags;PO4/TiO, composite exhibited an
excellent bactericidal activity against E. coli and S. aureus (MRSA). Therefore, in the presented
work, we further studied AgsPO, and AgsPO./TiO; systems by investigating the photostability as
well as the photodegradation mechanisms in the removal of organic pollutants. To approach these
problematics, the stability of AgsPO, and AgsPO./TiO, photocatalysts under irradiation was studied
by XRD while the mechanism in photodegradation was investigated using scavengers under both
visible and solar-like radiations. In addition, photo-induced antimicrobial properties were studied
using bacterial amd yeasts strains of Enterococcus faecalis ATCC 29212, Staphylococcus
epidermidis P36 and Candida albicans ATCC 90028.
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This paper deals with the application of foam ceramics as photocatalytic filters. Compared to
ordinary photocatalytic systems based on photocatalytic material application on planary samples
(for example self cleaning paints, concrete etc.), photocatalytic ceramic filtres have a large specific
surface area due to the structure and exhibit higher photocatalytic efficiency especially for NOx
removal.

A thin active layer is applied on the surface of sintered oxide ceramic. In Fig. 1 there is shown
an example of comparison of photocatalytic activity of planary sample containing commercial
photocatalyst and the same photocatalytic system, which was applied on the foam ceramics. It
follows that in the case of ceramic filter due to the higher active surface area, the amount of formed
NO; is much lower than in case of planary sample (containing the same photocatalyst).
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Figure 1.: Time dependence of NO, NO, and NOXx concentration during photocatalytic experiment
(left side: planary sample, right side: photocatalytic filter)

From integrated areas above NO line and under NO,, line, respectively it can be concluded that in
the case of photocatalytic filter, the photocatalytic efficiency of NOx removal is more than five
times higher compared to the planary sample. This indicates a potentially huge area of application
of foam ceramics panels in the field of photocatalytic air treatment.
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The magnetite (Fe;O4) nanoparticles were successfully prepared at room temperature by wet
chemical precipitation method using sodium dodecyl sulfate (SDS) as capping agent. Vibrational
spectroscopy including Fourier transform infrared spectroscopy (FTIR) , Raman spectroscopy and
X-ray diffraction has been used for confirmation of the structure. The FTIR peak in the range of
580-600 cm™ and Raman peak at 663 cm™ correspond to Fe-O stretching in Fe;O, structure. The
thermal stability of the magnetic nanoparticles has been investigated by thermal gravimetric
analysis (TGA) method. The TGA thermogram of Fe3O,4 nanoparticles showed three steps of weight
loss. The first step of weight loss in range of 50-150 °C could be attributed to the desorption of
hydrogen bonded water molecule. The second step of weight loss about 150-380 °C could be
ascribed as the removal of trapped water molecule from the lattice. Finally, the weight loss in range
of 400-800 °C is due to the phase transition from Fe;O4 to FeO. The UV-vis diffused reflectance
spectrum exhibited the absorbance band edge at 344 nm. The optical band gab (Eg) of Fe3O4, which
can be determined from the plot of (ahv)?® versus hv by extrapolation, was found to be 3.60 eV.
SEM microgrphs showed quasi-spherical shape structure in the range of 30-70 nm. Magnetic
measurement for the nanoparticles, performed using a vibrating sample magnetometer (VSM),
showed the magnetic hysteresis loop due to ferromagnetic behavior. The saturation magnetization
(Ms), coercivity (Hci) and retentivity (Mr) are 26.26 emu/g, 61.81 Oe and 1.93 emu/g respectively.
The catalytic degradtion of RR141 azo dye was investigated by using FezO4 as a catalyst with
addition of H,0, (30% w/v) at pH about 3. The concentration of the dye in aqueous solution was
analyzed by monitoring the absorbance at maximum wavelength of 544 nm. The degradtion
efficiency reached nearly 96% after 60 min treatment. The presence of iron ions in aqueus solution
can accelerate the dye degradation by Fenton (Fe®*/ H,0,) and Fenton-like (Fe**/ H,0,) reaction
mechanism. The degradation reaction can be described by pseudo first-order kinetics with an
appparent rate constant (k) of about 0.025 min™. Easy separation by magnetic force and reusability
of magnetite nanoparticles make these materials as promising candidates for removing of azo dye in
water.
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Wastewater containing acetaminophen-type contaminants when oxidized with sono-Fenton
reagent undergoes significant changes in color and, to a lesser extent, turbidity. This work analyzes
the effect that induces the formation of degradation intermediates in the organoleptic properties of
the treated wastewater. The results indicate the existence of three stoichiometric ratios that enhance
the color of wastewater (R=1.5, 6.0 and 12.0 mol H,O,/mol paracetamol). Each of these rates could
indicate a route of degradation within the mechanism, through the formation of intermediates that
induce color in the water. It has been identified that the route of degradation that happens when
using R=1.5 occurs through the formation of pyrogallol and hydroquinone species. The
stoichiometric ratio that induces turbidity in the water corresponds to R=6.0. Operating under these
conditions, the presence of the aromatic intermediates proposed in the oxidation mechanism has not
been detected. Nor would it be a consequence of the presence of solids in solution, since its
maximum concentration takes place when operating at R=9.0. This could indicate the formation of
(hydro)peroxo-iron complexes of ortho-dihydroxylated (catechol) and carboxylic (2,5-dioxo-3-
hexenedioic acid) benzenic-base.
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Figure 1.: Effect of oxidant dosage applied to oxidize paracetamol with sono-Fenton reagent on a) color,
turbidity and dissolved solids. b) oxidation intermediates (Pa,=100.0 mg/L; pH=3.0; Fe=20.0 mg/L;
US=0.72 kW; T=25.0°C).
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This work analyses the effects of the Advanced Oxidation Process (AOP) used to oxidize
paracetamol in the color and turbidity of the treated waters. Color induction Kkinetics are
characterized by showing the evolution of a reaction intermediate. This fact allows the association
of color with the formation of intermediates that include chromophore groups in their internal
structure (pyrogallol, p-benzoquinone, hydroxyhydroquinone). Thus, by catalyzing the
decomposition of hydroxide peroxide to radicals with more energetic activating agents, the
effectiveness of the degradation of paracetamol to these species increases, generating more color
and turbidity in the water. The results allow to establish that ultrasonic waves are usually catalysts
more vigorous than ultraviolet light. On the other hand, when introducing iron ions into the system,
we must consider the nature of the ferric species, since they can react with organic matter,
generating strongly colored complexes that contribute turbidity to the water. The reactions were
carried out at pH=3.0, which favors the oxidation performance by the presence of the
Fe(OH)**species. On the other hand, ferrous ions upon contact with ultraviolet light may lead to the
creation of ferric hydroxides, which provide high turbidity and may precipitate, reducing some of
the color from the water. This reaction is emphasised by increasing the intensity of the irradiation.
Ultrasonic waves enhance the regeneration cycle of iron by inducing the formation of Fe(OOH)?*,
which can lead to the formation of hydro(peroxo)-iron complexes.

0.5 —=—PHOTOLYSIS 15W

—=—PHOTOLYSIS 150 W =
~04 - =
) #s  —s—SONOLYSIS =
< - £\ £

~0.3 | \ ——DARKFENTON
o C “\ b
° -e—PHOTO-FENTON S
o) o
IIIIIIIII —
S

0 15 30 45 60 75 90 105120
Time (min)
Figure 1.: Effect of AOP utilized to oxidize paracetamol on a) color and b) turbidity at the steady-state
(Pa,=100.0 mg/L; pH=3.0; R=15.0 mM; Fe=20.0 mg/L; US=0.72kW; T=25.0°C).
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The presence of contaminants of emerging concern such as antibiotics and antibiotic-resistant
bacteria (ARB) in wastewater effluents and the inability of the conventional wastewater treatment
processes (i.e. conventional activated sludge) to completely eliminate them is one of the most
challenging aspects of wastewater reuse. Advanced Oxidation Processes (AOPs), based on the in
situ generation of hydroxyl radicals (HO’) with high efficiency in degrading various
microcontaminants, have gained considerable attention the last years with regard to their real-scale
application in urban wastewater treatment plants. Among the various AOPs, photo-Fenton is an
attractive option for the treatment of wastewater effluents due to its environmentally friendly
application and the prospect of operating under natural solar irradiation (i.e. solar photo-Fenton),
hence lowering the operating cost of the process considerably. Activated Carbon (AC) adsorption
can enhance further the removal of the microcontaminants, as well as reduce the toxicity of the
AOPs-treated wastewater due to the potential adsorption of toxic oxidation products.

Within this context, this work aimed at exploring the efficiency of the solar photo-Fenton
process at a pilot scale, in removing selected antibiotics and ARB, as well as toxicity from
secondary treated wastewater effluents. The degradation of a mixture of antibiotics, namely
ampicillin (AMP), clarithromycin (CLA), erythromycin (ERY), ofloxacin (OFL), tetracycline
(TET), trimethoprim (TMP) and sulfamethoxazole (SMX), was investigated by testing various
oxidant (H,O,) concentrations. Ferrous iron concentration was kept constant in all experiments (5
mg/L), to avoid the requirement for iron removal at the end of the process according to the iron
discharge limits set in the existing regulation [1]. The phyto- and eco-toxicity of the treated samples
were also evaluated against three plant species (Sorghum saccharatum, Lepidium sativum, Sinapis
alba) and a crustacean (Daphnia magna), respectively. Moreover, the disinfection potential of the
solar photo-Fenton process as to the inactivation of frequently encountered bacteria in wastewater,
which have the potential to harbour antibiotic resistance to selected antibiotics, i.e. Escherichia coli,
Pseudomonas aeruginosa, Enterococcus and total heterotrophic bacteria was assessed.

The results obtained in this study demonstrated the ability of the solar photo-Fenton process to
completely degrade all the tested antibiotics in tzow,=115 min of treatment. Colonies harbouring
resistance to SMX, TMP and ERY apparently survived solar photo-Fenton process and prolonged
treatment time was needed for their complete elimination. Phyto- and eco-toxicity tests showed
increased toxicity until 120 min of treatment, while the toxicity of treated samples at the end of the
oxidation process was similar with that of the untreated wastewater. Therefore, additional
adsorption experiments using granular activated carbon (GAC) were carried out to investigate
whether the residual toxicity could be further reduced. The results revealed that the post-treatment
of the solar photo-Fenton treated flow with 500 mg/L GAC resulted in complete elimination of
toxicity within 15 min of contact time.
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Currently, the issue of antibiotic resistance development in bacteria is one of the priority topics,
as suggested by the WHO [1]. The increase of pharmaceuticals uses in human-related activities
(health, manufacturing, veterinary, etc.) has converted the municipal wastewater treatment plants
(WWTPs) to incubators of antibiotic resistant bacteria (ARB) [2]. Also, the inability of WWTPs to
handle pharmaceutically active compounds, in combination with the partial disinfection achieved, is
aggravating the problem of ARB appearance in nature, requiring drastic solutions before the release
of WW in the receiving aquifers.

In this work, the use of several light-assisted Advanced Oxidation Processes (AOPs) as means of
disinfection are proposed, and their ability to inactivate streptomycin resistant bacteria, as model
ARBs, is challenged. An indirect method for the estimation of the loss of antibiotic resistance is
developed and tested against bacteria undergone solar exposure, solar/H202, Fenton, and photo-
Fenton and UVC/H,0O, processes. The immediate inactivation effect, the loss of antibiotic
resistance and the post-exposure fate of the treated ARB is assessed.

In principle, solar exposure-induced inactivation exhibited the typical shoulder, followed by log-
linear kinetics. However, during the tests, the bacteria able to survive on antibiotic containing plates
presents an increase, followed by a decrease in percentage, without corresponding increase in the
total population, thus indicating a rise in antibiotic resistance, or selection of ARB as more capable
of surviving. The ARB lost their resistance before they become non-cultivable. Regrowth, on the
other hand, followed the same trend for both resistant and non-resistant bacteria. Furthermore,
addition of H,O, showed a steady decrease in both the total population and the ARB fraction.
Regrowth of ARB was also halted in presence of H,O, in higher proportions, compared to the non-
resistant fraction and the solar-only exposure.

The AOPs tested presented definitive trends in the removal of ARB. Only 5 min of solar photo-
Fenton treatment was capable of inactivating ARB without regrowth, and no visible increase in the
ARB fraction was observed whatsoever. The continuous action of the Fenton process in the dark
ensured regrowth suppression completely. Although UVC alone caused inactivation, permitting
post-treatment regrowth, UVC/H,O, process was detrimental for ARB survival, also without
regrowth and in less than 2 minutes of exposure.

In conclusion, the danger of ARB increase and spread is engulfed in the improper, partial
treatment of ARBs with non-oxidative processes, which act on multiple levels (internally and
externally). As such, proper disinfection by the photo-Fenton or the UVC/H,0; process can ensure
the inactivation of resistant strains, with the transmission of antibiotic resistance genes remaining
still open for investigation.
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Hydroquinone (HQ) is widely used in the cosmetics industry as a depigmentation agent [1], as
well as in the rubber, dyes, pesticides, plastics and pharmaceuticals production [2]. In addition, it is
an intermediate compound resulting from the oxidation of benzene and phenol [3,4]. Therefore, HQ
will be present in wastewaters and, given its high toxicity and carcinogenic and teratogenic
potential [5], must be removed to minimize the impacts on the environment and public health.

One of the most promising techniques for HQ degradation is based on the application of
destructive chemistry, namely advanced oxidation processes (AOP). Among them, the Fenton’s
reaction is an AOP that forms the highly oxidative hydroxyl radicals by the catalytic decomposition
of hydrogen peroxide in the presence of the ferrous ion and in acidic medium [6]. In this study, it
was evaluated the HQ degradation by Fenton process in a bubble column reactor. Up to the author's
knowledge, in the open literature it is not reported any similar study. Moreover, after process
optimization the concept can be extended for simultaneously treating gas and liquid streams.

In the operation of this reactor the gas stream was composed of only air, and the HQ had
been dissolved in the liquid phase together with the Fenton reagents. Thus, the air feed to the
column is used to promote the mixture in the liquid phase. It was found that there are no
concentration gradients along the column (i.e., in the axial direction) for all air flow rates tested
(from 1.0 to 5.0 mL/min); moreover, it was not observed any effect of the air flow rate in HQ and
total organic carbon (TOC) removals.

Then, a parametric study was carried out to evaluate the effect of hydrogen peroxide
concentration (0.25 to 1.50 g/L), iron concentration (30 to 120 mg/L), initial pH (2-7) and
temperature (15-70 °C) in HQ degradation and organic compounds mineralization. Under the best
operating conditions found ([H,O.] = 0.5 g/L, [Fe?*] = 45 mg/L, pH = 3.0, T= 22-24 °C) it was
reached total HQ degradation and 42% of TOC removal. Given that there is no complete
mineralization, intermediate compounds (possibly carboxylic acids) are present in solution.
Currently, intermediates are being identified and quantified by HPLC.
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For the first time, the detection and the removal of micropollutants in water from the Meurthe
river (France) was achieved. Twenty one micropollutants including 17 pharmaceutical compounds
were detected and quantified in a range of ng/L. For this purpose, it was necessary to use a
preconcentration step followed by Liquid Chromatography/Mass Spectrometry analysis (LC-
MS/MS).

Faujasite-Y zeolite impregnated with iron (Il1l) was employed as a catalyst to remove the
micropollutants. First, an optimization of the process parameters was conducted using Phenol and
Diclofenac as model pollutants. The hydrogen peroxide concentration, the light wavelength (UV
and visible) and intensity, the iron loading immobilized as well as the pH of the solution were
investigated. Complete photo-Fenton degradation of the two contaminants was achieved using
Faujasite containing 20 wt.% of iron, under UV light, and in solution containing 0.007 mol/L of
H,O, at pH 5.5.

In a second step, the process was used with real water samples from the Meurthe river. On the
one hand, the concentration of Carbamazepine, Diclofenac, Triclosan, Estrone, Ketoprofen,
Naproxen, and Lidocaine fell below their limit of quantification of the LC-MS/MS after 30 min of
treatment (UV + H,0,). On the other hand, Bisphenol A, PFOS, Sulfamethoxazole, Erythromycin,
and lbuprofen were not completely removed after 6 hours of treatment, but the initial concentrations
had been reduced by a factor larger than or equal to 2. The degradation efficiency was also
compared to that of TiO, P25 which remains the state of the art photocatalyst. Faster
micropollutants removal occurred with the zeolite.
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The use of pharmaceuticals has been raised in the last years as result of the increase of both
the aging population and the growth of drug industries [1]. Pharmaceuticals are designed to be
biologically active, and therefore, their occurrence can affect the receiving environments [2]. Thus,
a proper treatment should be applied in order to avoid damaging the flora and fauna.

Among the existing treatment options, the biological procedures are not suitable for drugs as
they are usually recalcitrant to these technologies. Moreover, the physical procedures do not solve
definitely the problem but change it into another phase. Advanced Oxidation Processes (AOPS)
seem to be the very promising option as they attack non-selectively the organic matter, due to the
generation of highly reactive species such as the hydroxyl radical (-OH) [3].

In the present study the degradation of a drug Prednisolone (100 mg/L), a steroid medication,
was carried out. Firstly, different AOPs were tested out such as Fenton, photolysis, photo-oxidation
and photo-Fenton processes. Being the photo-Fenton process the most successful one, the
optimization of it was done, in order to minimize the high operational costs which these kind of
processes usually have [4].

The optimization was performed using the Box-Behnken experiment design taking into
account as key parameters the treated volume and iron and hydrogen peroxide concentration. The
most suitable conditions for the effective treatment of Prednisolone were 100 mL, 1.27 mM of iron
and 3 mM of hydrogen peroxide. In the optimized conditions a new experiment was accomplished
and the deviation of the experimental results was less than 5 %. Moreover, the degradation pathway
was also studied, proving how the -OH attacks the organic matter. This study showed that the
photo-Fenton process is an appropriate alternative for the Prednisolone removal.
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Mechanical biological treatment (MBT) plants are an established option to limit the
environmental impact of direct landfill disposal, while benefiting from resources and energy
recovery. However, a significant amount of liquid stream with high pollutant load is usually
generetared in MBT plants. In a previous work, a hybrid magnetic graphitic nanocomposite
(MGNC) catalyst — composed by a magnetite core and a graphitic shell — revealed a high
performance when applied in catalytic wet peroxide oxidation (CWPO) [1]. Seeking for MGNC
catalyst optimization, nickel and cobalt ferrites were prepared in the present work and encapsulated
within a carbon shell in addition to magnetite. The material composed by the cobalt ferrite core
(CoFe,04/MGNC) revealed a superior performance in CWPO, achieving a remarkable abatement of
the liquid effluent collected from a MBT plant located in Portugal [9206 mg L™ chemical oxygen
demand (COD); 1933 mg L™ biochemical oxygen
demand; 2046 mg L™ total organic carbon (TOC);

. ,0, 1 Aromatici
14350 mg L bicarbonates; 3664 mg L1 0 mco? EETOC Ejo A promatcty

chlorides; 14.7 x 10* CFU mL™" heterotrophic ol |7 |k 7 |
bacteria]. The results obtained in a series of < %1 ’

CWPO runs performed at near neutral pH with < 7°f

consecutive reuse of CoFe;0,/MGNC are givenin 2 :2

Figure 1. For that purpose, a magnetic separation S ol

system was applied for catalyst recovery after S 5[

each cycle, the treated water being replaced by a © !

fresh effluent sample. In addition, desinfection of 0}

the effluent was also achieved, the treated water 0 eycle 2" oycle 3% oycle 4" cycle 5" oycle
revealing no toxicity against selected bacteria.
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The olive oil industry is responsible for the generation of large amounts of untreated
wastewater, commonly known as olive mill wastewater (OMW). Management of these effluents is a
complex subject, not only due to the seasonality and geographically diffuse nature of olive oil
production, but also because of their toxicity and high pollution potential [1]. COD and BODs
values of OMW vary greatly depending on the olive oil extraction process used, but the organic
matter mainly consists of polyphenols, sugars, polysaccharides, proteins, organic acids and lipids.
Of particular interest is their total phenolic content (TPh), since phytotoxicity and strong
antibacterial action have been attributed to it [2, 3].

In this work, recalcitrant total phenol and organic matter (expressed as total organic carbon —
TOC) degradation were evaluated by the homogeneous Fenton oxidation process, under batch and
continuous flow conditions. A mixture of six phenolic acids, typically found in this agro-industrial
wastewaters, corresponding to an initial TOC = 321.0 + 8.2 mgC-L™" and TPh = 361.9 + 9.7
mgCAeq—L'l, were used for this purpose.

Batch experiments were conducted to determine the key operational conditions, namely pH,
temperature, Fe?* and H,O, concentrations that maximized the mineralization degree and the
efficient use of oxidant (n H,0,). Under the best operational conditions found ([Fe®*] = 100 ppm,
[H,0,] = 2.0 gL, T = 30 °C and pHp = 5), >99% of TPh and >54% of TOC removal were
achieved, with great oxidant consumption efficiency (1 H,O, = 55%).

With the perspective of industrial application and possible scale-up of this process, tests on a
continuous-stirred tank reactor (CSTR) were then conducted for residence times in the range of 40 -
90 minutes, maintaining the best conditions found in the batch runs. In all experiments, high TPh
and TOC reductions were attained (>90% and >40%, respectively), after reaching steady-state
conditions.

Moreover, assessment of the effluent’s toxicity (Vibrio fischeri inhibition) and
biodegradability (BODs/COD ratio) was performed to evaluate the possible application of an
effic