






Chemical Engineering & Processing: Process Intensification 158 (2020) 108175

Available online 19 October 2020
0255-2701/© 2020 Elsevier B.V. All rights reserved.

Intensification of the Orange II and Black 5 degradation by 
sonophotocatalysis using Ag-graphene oxide/TiO2 systems 
M. May-Lozano a, R. Lopez-Medina b, V. Mendoza Escamilla c, G. Rivadeneyra-Romero d, 
A. Alonzo-Garcia e, M. Morales-Mora f, M.O. González-Díaz g, S.A. Martinez-Degadillo a,* 
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A B S T R A C T   

The work aims to evaluate the sonophotocatalytic treatment (combination between photocatalytic activity and 
ultrasound) as an intensification process for removing pollutants such as azo dyes from water and wastewater. 
Four photocatalysts were prepared: TiO2 was doped with silver and graphene oxide to produce Ag/TiO2, gra-
phene oxide/TiO2 and Ag-graphene oxide/TiO2 systems. Several analysis techniques, including SEM, XPS, were 
used to characterize the catalysts. The photocatalytic and sonophotocatalytic activity of all of the catalysts to 
degrade Orange II and Black 5 dyes was evaluated. Sheets of graphene oxide were identified on the spherical 
particles of TiO2, and some sheets were observed to be strongly bound to the titania. The existence of Ti-O-C 
bonds, Ti4+, Ag+, and metallic silver were determined. Combining photocatalysis (with UV light) and ultra-
sound has an intensifying and synergistic effect on the degradation rate of both dyes. The degradation kinetics 
were obtained. Orange II degradations were faster when UV light and TiO2_Ag_Graphene or TiO2_Ag catalysts 
were used. The highest degradation rates of Black 5 were obtained when the TiO2_Ag_Graphene, TiO2_Ag, or TiO2 
catalysts were used. The highest degradation of the dyes was obtained at 1000 kHz and UV light.   

1. Introduction 

Water pollution caused by emerging contaminants such as pharma-
ceuticals and illicit drugs, personal care products, etc. is an important 
worldwide problem that causes negative human health and ecosystem 
effects. Among these pollutants, azo dyes are compounds that cause 
carcinogenic effects. They are non-biodegradable and very stable, and 
they represent about 50% of world dye production. [1]. Due to the 
difficulty in removing these dyes from aqueous media, different 
advanced oxidation processes (AOPs) have been tested [2]. Several 
studies developed to solve water pollution problems have focused on 
advanced oxidation processes, including homogeneous and heteroge-
neous photocatalysis [3]. Photocatalysis is a process that mainly uses 
ultraviolet or visible light in materials such as inorganic semiconductors 
to promote a chemical transformation. The photocatalytic activity 

depends on several parameters, such as light absorption, oxidation, and 
reduction kinetics on the surface due to the electron-hole pair (e−/h+), 
the electron-hole recombination rate and the nature of the dopant [4]. 
Therefore, currently one of the main objectives is shifting the absorption 
edge to the visible range to take advantage of sunlight [5]. TiO2 is used 
in many applications such as hydrogen storage, proton conductor gas 
sensors and photocatalytic degradation of dyes. 

The degradation of dyes by photocatalytic reactions using TiO2 has 
been reported in several studies. Degradation of Orange II [6] and Black 
5 [7] can be mentioned, as examples. Moreover, the addition of dopants 
to titania has been studied to improve its photocatalytic properties. 
Recently, studies on photocatalytic reactions have shown that the 
addition of certain metals, such as platinum (Pt), palladium (Pd) and 
gold (Ag), can effectively improve the degradation efficiency of pollut-
ants [8,9] and Ag doping in TiO2 has been applied in different processes, 
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