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Abstract: This study reports phenol degradation using
several TiO2 photocatalysts (DP25, Anatase 1, Hombikat
UV-100, Anatase 2) in a Photo-CREC Water-II Reactor. The
physicochemical properties of the photocatalysts used,
such as crystallinity, superficial area, and pore size dis-
tribution are reported. Reactor efficiencies are calculated
using both Quantum Yields (QYs) and Photochemical and
Thermodynamic Efficiency Factors (PTEFs). This is
accomplished using phenol and phenol intermediate
photoconversion rates. This allows the determination of
hydroxyl radical consumption rates, at every step of the
photodegradation process. With these data, and with the
absorbed photon rates, energy efficiencies are calculated.
It is shown that for the best performing photo catalysts
the maximum QYs reach 50% levels. These favourable
photoconversion efficiencies confirm the critical impor-
tance of having available highly performing photocata-
lysts and photoreactors, such is the case of Photo-CREC
Water-II Reactor unit.
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1 Introduction

Heterogeneous photocatalysis is a tertiary water treatment
process belonging to the Advanced Oxidation Processes
(AOP) based on the production of OH free radicals.
Photocatalysis shows a significant potential for being used
in the cleaning of air, water, for hydrogen production

and for cancer treatment, among other applications
(Ahmed et al. 2011; Alfano et al. 2000; Andreozzi et al.
1999; Augugliaro, Palmisano, and Schiavello 1991; de Lasa
and Serrano, 2009; Chong et al. 2010).

The Photo-CREC Water-II Reactor (Salaices, Serrano,
and de Lasa 2001; Salaices, Serrano, and de Lasa 2002)
has been designed and improved to carry out the conver-
sion of several organic and inorganic compounds. This
reactor displays promising quantum efficiencies close to
100%. The importance of energy efficiency assessments
for various reactor configurations has been emphasized
in the technical literature in recent years (Serrano et al.
2009 and 2010; Brandi et al. 2003; Martin, Baltanas, and
Cassano 1996; Sun and Bolton 1996). Nonetheless, energy
efficiency determination remains a challenging area
given the different variables involved in its calculation.
These variables are reaction rates, reaction mechanisms,
kinetic parameters, adsorption constants and radiation
absorbed by the solid semiconductors.

The Photochemical Thermodynamic Efficiency Factor
(PTEF), first introduced by, Serrano and de Lasa (1997),
has been used to obtain the reactor efficiencies for the
different TiO2 photocatalysts. The PTEF determination
requires that all the hydroxyl radicals be accounted for
in the photoconversion of phenol. This is the case,
because they are the main species contributing to the
photocatalytic conversion of phenol. The quantum yield
(QY), another useful efficiency parameter can also be
computed with this information (de Lasa et al. 2016)

Many semiconductors have been shown to display
photocatalytic activity. Nonetheless, TiO2 in the anatase
form seems to be the most beneficial one given its high
stability, good performance and low cost. The photode-
composition power of TiO2 has been shown to be effective
for a wide variety of organic compounds present in water.
Degussa P25 (DP25) TiO2 has been proven to be the most
active catalyst so far (Ahmed et al. 2011; Bakardjieva et al.
2005; Cassano and Alfano 2000; Choi 2006; Colmenares
et al. 2006; Diebold, 2003, Fujishima, Rao, and Tryk
2000; Fujishima and Zhang 2006; Fujishima, Zhang,
and Tryk 2008; Hoffmann et al. 1995; Karvinen and
Lamminmäki 2003; Kitano et al. 2007; Linsebigler, Lu,

*Corresponding author: Hugo de Lasa, Faculty of Engineering
Science, Chemical Reactor Engineering Centre, University
of Western Ontario, London Ontario, N6A 5B9, Canada,
E-mail: hdelasa@eng.uwo.ca
Benito Serrano Rosales, Facultad de Ciencias Químicas, Programa
de Ingeniería Química, Universidad Autónoma de Zacatecas, México
Jesus Moreira del Rio, Jesus Fabricio Guayaquil, Faculty of
Engineering Science, Chemical Reactor Engineering Centre,
University of Western Ontario, London Ontario, N6A 5B9, Canada

Int. J. Chem. React. Eng. 2016; aop

Unauthenticated
Download Date | 5/16/16 7:39 PM

https://www.researchgate.net/publication/222394203_Photocatalysis_in_Water_Environments_Using_Artificial_and_Solar_Light?el=1_x_8&enrichId=rgreq-d5fec458-8d72-4344-80e9-9724d473938a&enrichSource=Y292ZXJQYWdlOzMwMzIzOTQ3NjtBUzozNjM4MjM4NTM3ODUwODhAMTQ2Mzc1Mzc3NTAzMA==
https://www.researchgate.net/publication/227045712_Advances_in_Heterogeneous_Photocatalytic_Degradation_of_Phenols_and_Dyes_in_Wastewater_A_Review?el=1_x_8&enrichId=rgreq-d5fec458-8d72-4344-80e9-9724d473938a&enrichSource=Y292ZXJQYWdlOzMwMzIzOTQ3NjtBUzozNjM4MjM4NTM3ODUwODhAMTQ2Mzc1Mzc3NTAzMA==
https://www.researchgate.net/publication/227045712_Advances_in_Heterogeneous_Photocatalytic_Degradation_of_Phenols_and_Dyes_in_Wastewater_A_Review?el=1_x_8&enrichId=rgreq-d5fec458-8d72-4344-80e9-9724d473938a&enrichSource=Y292ZXJQYWdlOzMwMzIzOTQ3NjtBUzozNjM4MjM4NTM3ODUwODhAMTQ2Mzc1Mzc3NTAzMA==
https://www.researchgate.net/publication/230280406_Photon_absorption_by_aqueous_TiO2_dispersion_contained_in_a_stirred_photoreactor?el=1_x_8&enrichId=rgreq-d5fec458-8d72-4344-80e9-9724d473938a&enrichSource=Y292ZXJQYWdlOzMwMzIzOTQ3NjtBUzozNjM4MjM4NTM3ODUwODhAMTQ2Mzc1Mzc3NTAzMA==
https://www.researchgate.net/publication/223769143_Advanced_Oxidation_Processes_AOP_for_Water_Purification_and_Recovery?el=1_x_8&enrichId=rgreq-d5fec458-8d72-4344-80e9-9724d473938a&enrichSource=Y292ZXJQYWdlOzMwMzIzOTQ3NjtBUzozNjM4MjM4NTM3ODUwODhAMTQ2Mzc1Mzc3NTAzMA==
https://www.researchgate.net/publication/223769143_Advanced_Oxidation_Processes_AOP_for_Water_Purification_and_Recovery?el=1_x_8&enrichId=rgreq-d5fec458-8d72-4344-80e9-9724d473938a&enrichSource=Y292ZXJQYWdlOzMwMzIzOTQ3NjtBUzozNjM4MjM4NTM3ODUwODhAMTQ2Mzc1Mzc3NTAzMA==
https://www.researchgate.net/publication/222557662_Reaction_Engineering_of_Suspended_Solid_Heterogeneous_Photocatalytic_Reactors?el=1_x_8&enrichId=rgreq-d5fec458-8d72-4344-80e9-9724d473938a&enrichSource=Y292ZXJQYWdlOzMwMzIzOTQ3NjtBUzozNjM4MjM4NTM3ODUwODhAMTQ2Mzc1Mzc3NTAzMA==
https://www.researchgate.net/publication/228654842_Pure_and_Modified_TiO2_Photocatalysts_and_Their_Environmental_Applications?el=1_x_8&enrichId=rgreq-d5fec458-8d72-4344-80e9-9724d473938a&enrichSource=Y292ZXJQYWdlOzMwMzIzOTQ3NjtBUzozNjM4MjM4NTM3ODUwODhAMTQ2Mzc1Mzc3NTAzMA==
https://www.researchgate.net/publication/232708342_Photoactivity_of_Anatase-Rutile_TiO2_Nanocrystalline_Mixtures_Obtained_by_Heat_Treatment_of_Homogeneously_Precipitated_Anatase?el=1_x_8&enrichId=rgreq-d5fec458-8d72-4344-80e9-9724d473938a&enrichSource=Y292ZXJQYWdlOzMwMzIzOTQ3NjtBUzozNjM4MjM4NTM3ODUwODhAMTQ2Mzc1Mzc3NTAzMA==
https://www.researchgate.net/publication/232708342_Photoactivity_of_Anatase-Rutile_TiO2_Nanocrystalline_Mixtures_Obtained_by_Heat_Treatment_of_Homogeneously_Precipitated_Anatase?el=1_x_8&enrichId=rgreq-d5fec458-8d72-4344-80e9-9724d473938a&enrichSource=Y292ZXJQYWdlOzMwMzIzOTQ3NjtBUzozNjM4MjM4NTM3ODUwODhAMTQ2Mzc1Mzc3NTAzMA==
https://www.researchgate.net/publication/232361975_Absolute_quantum_yields_in_photocatalytic_slurry_reactors?el=1_x_8&enrichId=rgreq-d5fec458-8d72-4344-80e9-9724d473938a&enrichSource=Y292ZXJQYWdlOzMwMzIzOTQ3NjtBUzozNjM4MjM4NTM3ODUwODhAMTQ2Mzc1Mzc3NTAzMA==
https://www.researchgate.net/publication/233401514_Synthesis_Characterization_and_Photocatalytic_Activity_of_Different_Metal-Doped_Titania_Systems?el=1_x_8&enrichId=rgreq-d5fec458-8d72-4344-80e9-9724d473938a&enrichSource=Y292ZXJQYWdlOzMwMzIzOTQ3NjtBUzozNjM4MjM4NTM3ODUwODhAMTQ2Mzc1Mzc3NTAzMA==
https://www.researchgate.net/publication/233401514_Synthesis_Characterization_and_Photocatalytic_Activity_of_Different_Metal-Doped_Titania_Systems?el=1_x_8&enrichId=rgreq-d5fec458-8d72-4344-80e9-9724d473938a&enrichSource=Y292ZXJQYWdlOzMwMzIzOTQ3NjtBUzozNjM4MjM4NTM3ODUwODhAMTQ2Mzc1Mzc3NTAzMA==
https://www.researchgate.net/publication/231392414_Photocatalytic_Degradation_of_Water_Organic_Pollutants_Kinetic_Modeling_and_Energy_Efficiency?el=1_x_8&enrichId=rgreq-d5fec458-8d72-4344-80e9-9724d473938a&enrichSource=Y292ZXJQYWdlOzMwMzIzOTQ3NjtBUzozNjM4MjM4NTM3ODUwODhAMTQ2Mzc1Mzc3NTAzMA==
https://www.researchgate.net/publication/244364802_Titanium_Dioxide_Photocatalysis_Present_Situation_and_Future_Approaches?el=1_x_8&enrichId=rgreq-d5fec458-8d72-4344-80e9-9724d473938a&enrichSource=Y292ZXJQYWdlOzMwMzIzOTQ3NjtBUzozNjM4MjM4NTM3ODUwODhAMTQ2Mzc1Mzc3NTAzMA==
https://www.researchgate.net/publication/230718203_TiO2_Photocatalysis_and_Related_Surface_Phenomena?el=1_x_8&enrichId=rgreq-d5fec458-8d72-4344-80e9-9724d473938a&enrichSource=Y292ZXJQYWdlOzMwMzIzOTQ3NjtBUzozNjM4MjM4NTM3ODUwODhAMTQ2Mzc1Mzc3NTAzMA==
https://www.researchgate.net/publication/230718203_TiO2_Photocatalysis_and_Related_Surface_Phenomena?el=1_x_8&enrichId=rgreq-d5fec458-8d72-4344-80e9-9724d473938a&enrichSource=Y292ZXJQYWdlOzMwMzIzOTQ3NjtBUzozNjM4MjM4NTM3ODUwODhAMTQ2Mzc1Mzc3NTAzMA==
https://www.researchgate.net/publication/222838844_Titanium_Dioxide_Photocatalysis?el=1_x_8&enrichId=rgreq-d5fec458-8d72-4344-80e9-9724d473938a&enrichSource=Y292ZXJQYWdlOzMwMzIzOTQ3NjtBUzozNjM4MjM4NTM3ODUwODhAMTQ2Mzc1Mzc3NTAzMA==
https://www.researchgate.net/publication/222838844_Titanium_Dioxide_Photocatalysis?el=1_x_8&enrichId=rgreq-d5fec458-8d72-4344-80e9-9724d473938a&enrichSource=Y292ZXJQYWdlOzMwMzIzOTQ3NjtBUzozNjM4MjM4NTM3ODUwODhAMTQ2Mzc1Mzc3NTAzMA==
https://www.researchgate.net/publication/239629586_Preparation_and_Characterization_of_Mesoporous_Visible-Light-Active_Anatase?el=1_x_8&enrichId=rgreq-d5fec458-8d72-4344-80e9-9724d473938a&enrichSource=Y292ZXJQYWdlOzMwMzIzOTQ3NjtBUzozNjM4MjM4NTM3ODUwODhAMTQ2Mzc1Mzc3NTAzMA==
https://www.researchgate.net/publication/239629586_Preparation_and_Characterization_of_Mesoporous_Visible-Light-Active_Anatase?el=1_x_8&enrichId=rgreq-d5fec458-8d72-4344-80e9-9724d473938a&enrichSource=Y292ZXJQYWdlOzMwMzIzOTQ3NjtBUzozNjM4MjM4NTM3ODUwODhAMTQ2Mzc1Mzc3NTAzMA==
https://www.researchgate.net/publication/230718218_Elemental_Applications_of_Semiconductor_Photocatalysis?el=1_x_8&enrichId=rgreq-d5fec458-8d72-4344-80e9-9724d473938a&enrichSource=Y292ZXJQYWdlOzMwMzIzOTQ3NjtBUzozNjM4MjM4NTM3ODUwODhAMTQ2Mzc1Mzc3NTAzMA==
https://www.researchgate.net/publication/239153710_Recent_Developments_in_Titanium_Oxide-Based_Photocatalysts?el=1_x_8&enrichId=rgreq-d5fec458-8d72-4344-80e9-9724d473938a&enrichSource=Y292ZXJQYWdlOzMwMzIzOTQ3NjtBUzozNjM4MjM4NTM3ODUwODhAMTQ2Mzc1Mzc3NTAzMA==
https://www.researchgate.net/publication/244288673_Photocatalytic_reactors_II_Quantum_efficiencies_allowing_for_scattering_effects_An_experimental_approximation?el=1_x_8&enrichId=rgreq-d5fec458-8d72-4344-80e9-9724d473938a&enrichSource=Y292ZXJQYWdlOzMwMzIzOTQ3NjtBUzozNjM4MjM4NTM3ODUwODhAMTQ2Mzc1Mzc3NTAzMA==
https://www.researchgate.net/publication/244288673_Photocatalytic_reactors_II_Quantum_efficiencies_allowing_for_scattering_effects_An_experimental_approximation?el=1_x_8&enrichId=rgreq-d5fec458-8d72-4344-80e9-9724d473938a&enrichSource=Y292ZXJQYWdlOzMwMzIzOTQ3NjtBUzozNjM4MjM4NTM3ODUwODhAMTQ2Mzc1Mzc3NTAzMA==
https://www.researchgate.net/publication/221720593_Determination_of_the_Quantum_Yield_for_the_Photochemical_Generation_of_Hydroxyl_Radicals_in_TiO2_Suspensions?el=1_x_8&enrichId=rgreq-d5fec458-8d72-4344-80e9-9724d473938a&enrichSource=Y292ZXJQYWdlOzMwMzIzOTQ3NjtBUzozNjM4MjM4NTM3ODUwODhAMTQ2Mzc1Mzc3NTAzMA==
https://www.researchgate.net/publication/231390500_Energy_Efficiency_in_Photocatalytic_Reactors_for_the_Full_Span_of_Reaction_Times?el=1_x_8&enrichId=rgreq-d5fec458-8d72-4344-80e9-9724d473938a&enrichSource=Y292ZXJQYWdlOzMwMzIzOTQ3NjtBUzozNjM4MjM4NTM3ODUwODhAMTQ2Mzc1Mzc3NTAzMA==
https://www.researchgate.net/publication/231390500_Energy_Efficiency_in_Photocatalytic_Reactors_for_the_Full_Span_of_Reaction_Times?el=1_x_8&enrichId=rgreq-d5fec458-8d72-4344-80e9-9724d473938a&enrichSource=Y292ZXJQYWdlOzMwMzIzOTQ3NjtBUzozNjM4MjM4NTM3ODUwODhAMTQ2Mzc1Mzc3NTAzMA==

