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Highlights 

· The study of decolorization of dyes through hydrodynamic cavitation was performed.  

· A comparative study between a Venturi tube and an orifice plate was described.  

· The optimal values of operating conditions were addressed. 

· Under optimal conditions almost 100% decolorization yields were obtained. 

 

1. Introduction 

Industrial wastewater coming from the textile industry contains a series of toxic compounds, as for example 

dyes. These spent solutions cannot be discharged in the sewer without any processing. It is estimated that 

around 10-20% of the total dyes used during the production processes of the textile and paper industries is 

released into the environment [1]. The colored wastewaters cause significant damage to the environment as 

eutrophication and problems to the aquatic environment. Usually, physical and chemical processes (as 

flocculation, flotation, membrane filtration, ion-exchange, coagulation precipitation, ozonation and 

adsorption using also activated carbon) combined with biological ones are used to treat dye wastewaters. 

These treatments present good removal efficiency but in some cases the degradation of dye appears very 

difficult for the presence at high concentration of some types of colour pigments.  An alternative to the 

traditional processes is represented by the advanced oxidation processes (AOPs) as Fenton’s treatment, 

photocatalytic oxidation and sonolysis. More recent are the research activities focused on the degradation of 

dyes using hydrodynamic cavitation (HC). In the latter process, Venturi tubes or orifice plates are used to 

produce radical OH˙: as the aqueous solution passes through the holes, it causes a substantial pressure 

reduction that generates bubble cavities. In some cavities (called hot -spots) local drastic conditions could be 

reached, 100 MPa of pressure and 5000 K of temperature. These conditions cause the collapse of the bubbles 

and the production of OH˙ due to the decomposing water vapor and non-condensable gases inside the 

bubbles [2-4]. In the present work, the degradation of dyes (such as methyl orange) has been investigated by 

using hydrodynamic cavitation. Two different experimental devices were used: a Venturi tube and an orifice 

plate. The effect of some parameters such as inlet pressure, pH of solution and hydrogen peroxide 

concentration as a function of time were studied to define the best configuration and the optimal 

experimental conditions for dye decolorization.  

2. Methods 

Methyl orange dye (molecular weight: 327.33 g/mol; molecular formula: C14H14N3NaO3S) was used to 

perform hydrodynamic cavitation tests. The solutions of dyes were prepared using distilled water for all the 

experiments. Hydrogen peroxide (30% v/v, Carlo Erba), sodium hydroxide (Fluka Chemika, >97%) and 

sulphuric acid (CARLO ERBA, 96%) were used for adjusting of the pH solution. The equipment systems 

used in the lab experiments is constituted by a reactor with a recycling line, as shown in Figure 1. The 

maximum diameter of the Venturi (Figure 2) was 12 mm as piping diameter, while the minimum was 2 mm. 

The divergence angle value is 5.74° [5]. The orifice plate has a diameter of 12 mm, with four orifices with a 

diameter of 2 mm each as shown in Figure 2. The cavitating devices materials are in photopolymer resin, 

while pipeline and mechanical components are in rilsan polyamide and stainless steel, respectively. 

3. Results and discussion  

The results of the experimental tests showed pH values seemed to have the most important effect on 

decolorization efficiency: acidic medium highly enhanced the process of degradation of dye.  



 

 

 

 
Figure 1. Layout of the experimental apparatus used for the hydrodynamic cavitation tests 

 

 

   
Figure 2. Pictures of the Venturi tube and orifice plate devices used for the experiments 

 

The addition of hydrogen peroxide increased the effect of the decolourization and almost complete colour 

removal were obtained under the tested conditions.   

4. Conclusions 

The present work demonstrates the efficiency of the hydrodynamic cavitation process for the degradation of 

dyes (Methyl orange). Further developments of the present research will be to test different experimental 

conditions to up-scale the process for a possible real industrial application. 
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