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Abstract— As usage of water is increased day by day across the 

globe by various textile industries, it is required to treat 

wastewater containing colour, high amount of organic 

compounds. Compared to conventional treatments advanced 

oxidation processes are more efficient to treat the waste water. In 

the present work the focus is on the treatment of Reactive Black-

5 dye wastewater by catalytic ozonation using composite 

lanthanum and cobalt oxide (La2O3/Co3O4) catalyst. Experiment 

was conducted at ambient condition varying parameters initial 

dye concentration (100-500 ppm), pH (3-12), catalyst dosage (0.5-

0.7gm/l) on color removal were evaluated.  

Keywords— Textile industries, Advance Oxidation Processes, 

composite catalyst, degradation efficiency 

I. INTRODUCTION 

he demand for the fresh water is increasing with the 

growth in world population, and obtaining an adequate 

supply of clean water has likely been the challenge for many 

countries.to solve this problem, using water from 

unconventional sources is the best method from economic 

point of view[1-5]. To make wastewater reuse safety, all the 

pollutants including biodegradable organic matter, pathogens 

and micro pollutants present in wastewater. By using catalyst 

wastewater can be degraded efficiently and in lesser time 

compared to case of degraded wastewater without using 

catalyst. 

There are many separation and conventional method are 

available to remove contaminants from dye solution as well as 

dye effluent which are discharged into river or it could be 

used for further process by recycling it by various methods 

like Adsorption, activated sludge treatment, aeration, 

clarification, reverse osmosis, filtration, coagulation,   

sedimentation, membrane distillation, disinfection by reagents 

which are widely used in today’s world [6-7]. Problem with 

these methods are they are producing sludge which are further 

required to be treated and some methods are very costly due 

to its installations and maintenance cost. Apart from that some 

methods create pollution or use large amount of energy in the 

form of electrical and thermal energy [8-9]. So it requires 

such method which provides better efficiency, less resident 

time, no pollution, less consumption of energy, less 

maintenance and cost of wastewater treatment. The textile 

industry as well as many other industries like pharmaceutical, 

food and paper use over 30 000 different kinds of dyes with 

8000 different chemical structures. There are two groups of 

dye molecules: Chromogen and Auxochrome. There are 

different 12 types of chromogen [10] like azo ,carbonyl, niro 

group etc. In these azo dye is mostly used in textile industries 

which discharge large amount of wastewater containing dyes. 

[11-14]. 

Advance oxidation processes are highly desirable in these 

condition. There are many oxidants to treat the wastewater by 

oxidizing dye molecules and convert into less harmful form. 

One of the method is ozonation which uses ozone which is a 

very reactive gas with strong oxidation properties [15-18].  

But due to certain limitations of ozonation process like it is 

pH sensitive, solubility of ozone is less the complete 

mineralization is not possible. So to overcome this problem, 

catalytic ozonation in which catalyst is used for degradation 

of refractory compounds. There are basically two different 

kinds of catalytic ozonation processs. In homogeneous system 

the metal ions are used to degrade the pollutant where in 

heterogeneous system solid catalyst is used [19-21]. In this 

paper we have synthesized composite catalyst of Lanthanum 

and Cobalt oxide to treat the RB-5 dye solution and results 

were compared ozonation process. 

II. MATERIALS AND METHODS 

A. Materials and Reagents 

Reactive Black-5 Azo Dye was obtained from piyush 

Chemicals and used in pure form. Molecular weight of 

Reactive Black-5 Azo Dye is 991.82. Molecular formula of 

RB-5 is C26H21N5Na4O19S6. Pure La(NO3)3*6H2O, 

Co(NO3)2*6H2O, Sodium Hydroxide (NaOH) were obtained 

from Piyush Chemicals.  

 

 

Fig. 1 Structure of  RB-5 dye  
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B. Catalyst preparation 

10 gm of composite catalyst was synthesized by co-

precipitation method. In this method, the required amount of 

Lanthanum nitrate- La (NO3)3*6H2O and Cobalt Nitrate- 

Co(NO3)2*6H2O were dissolved in water and mixed. 1 N 

NaOH is added dropwise to this solution at room temperature 

under vigorous stirring. The solid precipitates in the solution 

are separated by filtration and washed with water till pH was 

neutral. After washing it’s followed by overnight drying at 

110°C for 12 hour and calcined at 400°C [22] in air for 5 h. 

 

C. Experimental Procedure 

Experimental setup contains a cylindrical glass column 

reactor, Oxygen Cylinder, Ozonator, Sparger, Magnetic stirrer 

and tubes    connections. Cylindrical   glass    column 

 

 
 

Fig. 2a Installed Experimental setup of Ozonation 

 

 

                          Fig. 2b Experimental Setup schematic diagram 

 

1. Oxygen cylinder 2. Ozonator 3. Reactor 

4. Magnetic stirrer 5. KI solution 

 

reactor was having volume of 1.2 L. Pure oxygen from 

oxygen cylinders are passed into ozonator. From ozonator the 

mixture of ozone and oxygen is sparged in to bottom of the 

glass column. Experiments were studied at room temperature 

and pressure. The required amount of catalyst was added and 

it was kept in suspension form using magnetic stirrer. 

Unreacted ozone from the glass column was trapped in 2% KI 

solution bottles Different variables like pH, catalyst weight, 

and dye concentrations were analysed. Initially the supply of 

ozone was stopped and samples were continuously stirred to 

check the extent of adsorption. The samples were taken at 

different interval up to 20 min and then after the supply of 

ozone was started. UV analysis for all the samples were done. 

III. RESULTS AND DISCUSSION 

First of all the calibration curve of RB 5 dye was perepared. 

Fig. 3 shows the % color removal for lanthanum-cobalt 

composite catalyst and it was compared with ozoantion 

process. The first 20 minute results shows the degradation due 

to only adsorption and then it is in combination with catalytic 

ozonation process. 

 

 
Fig. 3 Effect of catalytic ozonation 

 

D. Parametric studies with La-Co-O catalyst 

I) Effect of pH: The effect of pH was also evaluated in the 

present study. Synthetic dye wastewater of 100 ppm RB 5 dye 

was prepared for all experiments. The catalyst dosage is 0.5 

gm and ozone flow rate is 30 LPH is same in all experiments. 

The experiments were carried out at three different pH of 3, 7 

and 12 respectively. The results were shown in Fig. 4. As 

shown in figure the maximum decolourization is obtained at 

acidic condition. So in this case the degradation is mainly due 

to ozone molecule instead of OH radicals.  
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Fig. 4 Effect of pH on % Color Removal 

 

II) Effect of Catalyst Dosage:  

 

  
 

 Fig.5 Effect of Catalyst Dosage on % Color Removal 

 

To optimize the catalyst the experiments were carried out 

taking 0.2 gram, 0.5 gram and 0.7 gram, dye concentration is 

100 ppm, ozone flow rate is 30 LPH and pH is neutral. The 

results were shown in Fig 5. The results shows that the as we 

increase the catalyst weight the complete decolourization take 

place in lesser time compare to 0.2 gm and 0.5 gm of catalyst. 

The reason may be as the amount of catalyst increase the 

more surface area and active sites are available so the results 

were improved.  

 

III) Effect of dye Concentration: 

Due to the fact that industrial wastewater contains different 

concentrations of dye solution, it is necessary to study how 

the initial dye concentration affect the performance of 

catalytic ozonation in the removal of color. As shown in Fig. 

6 the experiments were carried out at 100 ppm, 200 ppm, 500 

ppm. The results shows as we increase the dye concentration 

more time is required for complete decolourization.  

 

 
 

Fig.6   Effect of Dye Concentration on % Color Removal 

 

IV. CONCLUSION 

This paper concludes that composite catalyst of lanthanum-

cobalt oxide increase the efficiency of the color removal of 

RB 5 dye wastewater compare to simple ozonation process. 

The color removal is more in acidic condition compared to 

neutral and alkaline condition.  
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