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Abstract— The main goal of wastewater treatments is to dispose 

of wastewater safely without any adverse effect on human health 

and without polluting any water resources. Traditional 

wastewater treatments like adsorption, coagulation, ion 

exchange, and ultra-filtration are generally used but these 

methods will generate the solid waste and again this solid waste 

needs to be treat. Although these methods are effectively remove 

the color, but they cannot completely do mineralization of 

refractory compounds. These processes are even costly to apply 

in real field. Now a challenge to researcher is to find viable and 

effective method to treat wastewater and the method should be 

environment friendly and economically acceptable too. Advanced 

oxidation processes are generating hydroxyl radical, very 

powerful oxidizing agent, which demineralize the refractory 

compounds into inorganic final products which is comparatively 

less toxic and harmful to environment.  Ozone is widely used as 

an effective oxidant to treat wastewater. Some of the 

intermediates like aldehydes and carboxylic acids are formed 

during ozonation process, which are not react with ozone. So 

complete mineralization of refractory compounds is not possible 

by using this process. So in comparison with ozonation alone 

catalytic ozonation process effectively forms the hydroxyl 

radicals at low pH and it also provide the fast degradation of 

organic compounds. Catalytic ozonation can be classified as (i) 

homogeneous catalytic ozonation in which metal ions present in 

aqueous solution activate the ozone and (ii) heterogeneous 

catalytic ozonation in which the catalyst is in solid form. As a 

catalyst metals, metals or metal oxides on supports etc. are used. 

Catalytic ozonation found to be an effective method to treat 

organic pollutants from wastewater. 

Keywords—Wastewater Treatment, Ozonation, Catalytic 

Ozonation 

I. INTRODUCTION 

ll over the world the major issue is to treat dye 

wastewater so it can be reused.  Day by day increasing 

the use of dye has a strong effect on environment [1]. Azo 

dyes are widely used in textile industry and these wastewater 

is harmful to human health and ecological system. So 

removing color and other organic compounds from 

wastewater is necessary. In fact the complete mineralization 

of wastewater is necessary to reduce the environmental 

impact. Though the biological treatments are cheap it’s not 

widely used because it is less efficient in decolorize the 

wastewater. Other physical, chemical and combination of 

these methods are also fails in complete mineralization of 

wastewater  [2]-[3]. Now a days, the different methods like 

ozonation, photocatalysis, UV/ozonation, catalytic ozonation 

have been used to treat dye wastewater [4]. Among these 

ozonation gain the more importance to remove the color and 

refractory compounds from wastewater [5]. Ozonation is a 

single step process, less harmful to human, no sludge remains 

and ozone residue is simply converted into oxygen  and water 

[6]. Studies shows that simple ozonation can break the 

chromophoric group into smaller compounds but some of the 

refractory compounds are not completely mineralize by using 

this method [2]. Ozone reactions with organic compounds will 

form the aldehydes and carboxylic acid, which is not react 

with ozone [7]. So to improve the ozonation efficiency, the 

advanced oxidation process named catalytic ozonation is 

found to be more effective for removing several refractory 

compounds.  

 Catalytic ozonation can be considered as 

homogeneous catalytic ozonation and heterogeneous catalytic 

ozonation. In homogeneous catalytic ozonation, dissolved 

metal ions activate the ozone and in case of heterogeneous 

catalytic ozonation, metal oxides or metals/ metal oxide on 

supports are used [8]. In heterogeneous system catalyst play a 

vital role. The catalyst like MnO2, CeO2, TiO2, CuO, ZnO, 

La2O3, MgO etc. are generally used [8]-[9]. The effectiveness 

of the process depends on the catalyst, properties of catalyst, 

pH of solution and ozone decomposition reactions in aqueous 

solution [8]. 

 
 

Fig.1. Molecular Structure of RB5 [3] 

II. MATERIALS AND METHODS 

Synthetic wastewater of Reactive Black 5 (RB5) was 

prepared. The RB5 dye was used without further purification. 

The chemical structure of RB5 dye is shown in Fig.1.  

A 



3rd International Conference on Multidisciplinary Research & Practice                           P a g e  | 175 
 

Volume IV Issue I                                                                    IJRSI                                                                          ISSN 2321-2705  
 

A. Synthesis of Catalyst 

 MgO catalyst was prepared by calcination of Mg 

(NO3)2 • 6H2O. The solution of Mg (NO3)2 • 6H2O was 

first dried at 100 °C overnight and after that it was 

calcined at 500 °C for two hours [10],[11], [15]. 

 Mg supported on γ-Al2O3 catalyst was prepared by wet 

impregnation method. Impregnation of γ-Al2O3 with 

magnesium nitrate aqueous solution, followed by 

shaking for two hours, followed by drying at 110 °C 

for overnight for the dehydrogenation and then catalyst 

was put into the furnace for the calcination at 450 °C 

for 3 hr. 

 CuO catalyst was prepared by direct calcination of Cu 

(NO3)2 • 3H2O at 450 °C for 3 hours. 

 WO3 is used as a commercially available from Piyush 

chemicals. 

 CeO2 catalyst was prepared by precipitation method 

using aqueous solution of cerium nitrate (Ce 

(NO3)2•6H2O). Sodium hydroxide solution was added 

into the metal salt solutions under continuous stirring.  

The resultant precipitate was thoroughly washed with 

distilled water and then dried at 110 °C for 24 hour and 

then calcined at 450 °C for 3 hour. 

 Ce-Co-O composite catalyst was prepared by co-

precipitation method using aqueous solution of cerium 

nitrate (Ce (NO3)2•6H2O) and cobalt nitrate                     

(Co (NO3)2•6H2O). 3M sodium hydroxide solution was 

added into the metal salt solutions under continuous 

stirring.  The resultant precipitate was thoroughly 

washed with distilled water and then dried at 110 °C 

for 24 hour and then calcined at 450 °C for 3 hour. 

B. Experimental Set up and Analytical Methods 

 The UV-vis absorption spectro photometer (Shimadzu 

UV-1800) was used to analyze the samples degradation. 

%color removal was determined by measuring the 

absorbance of the samples at the particular wavelength 

in the visible range, where maximum absorbance was 

obtained. The concentration of the Dye RB-5 was 

analyzed by measuring the absorbance at 599 nm [14, 

15]. 

 The TOC test, done instrumentally using TOC analyzer. 

It is used to determine the total organic carbon in an 

aqueous sample. The TOC of a wastewater can be used 

as a measure of its pollution characteristics and in some 

cases it has been possible to relate TOC to BOD and 

COD values. 

 The experiments were carried out in a cylindrical 

reactor (see Fig.2) having a capacity of 1.5 l. The 

aqueous slurry prepared by taking 100 ppm of RB5 

dye solution and 0.2 g of catalyst. Ozone was 

generated by corona discharge method using pure 

oxygen in ozone generator. The mixture of ozone and 

oxygen is bubbled through the sparger at the bottom of 

the glass column. The experiments were performed at 

room temperature and constant ozone flow rate of 30 

LPH. After certain interval the ozone supply was 

stopped and sample was analyzed for TOC removal. 

The ozone coming out from the reactor was trapped in 

KI bottles [12],[10], .  

 

 

 

 

 

Fig. 2 Experimental Setup [14, 15] 
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Table 1: Catalytic ozonation of RB-5 dye using various catalysts 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

III. RESULT AND DISCUSSION 

The result of simple ozonation is shown in Fig 3. The color 

removal is 99.5% and TOC removal is around 33.2% after 95 

min. The result of catalytic ozonation is shown in Table 1 with 

different catalysts. The dye concentration and dosage of 

catalyst is 100 ppm and 0.2 gm respectively in all the 

experiments [15]. 

 

 
  

Fig. 3 Color and TOC removal of simple ozonation 
 

From the results shown in Table 1, the use of catalyst improve 

the ozonation process and the removal of TOC is increased 

compared to simple ozonation process. 

Fig.4 shows the result of % color removal and TOC removal 

by using different catalysts. In simple ozonation the color 

removal is 99.8% after 95 min and the TOC removal is 32.4%. 

Wherein catalytic ozonation the time require of 

decolourization is less than the simple ozonation. The TOC 

removal is maximum by using CeO2 as a catalyst which is 

50.1% after 95 min. The results shows that catalytic ozonation 

process depends on great extent on catalyst and its surface 

properties. According to Barbara Kasprzyk-Hordern et al.[8], 

there are basically three different mechanisms for 

decomposition of ozone. (i) adsorption of ozone on the 

catalyst which will form radicals and that will react with 

organic molecule (ii) adsorption of organic molecule on the 

surface of catalyst and react with gaseous or aqueous ozone 

and (iii) adsorption of both ozone and organic molecule on the 

surface of catalyst and interactions between chemisorbed 

species will take place. Generally all metal oxides having the 

same reaction mechanism. The acid centers are present on the 

surface are responsible for ozone decomposition [13].  

III. CONCLUSION 

It can be concluded from the present study that the catalytic 

ozonation gives the better result compare to ozonation. The 

cerium oxide gives the better result with 50.1 % TOC and 

99.9% color removal among all catalysts. 
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Fig. 4 Color and TOC removal of RB5 dye 


