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DEGRADATION OF REACTIVE BLACK 5 FROM AQUEOUS 

EFFLUENTS USING OZONE AND NiO/Al2O3 CATALYSTS 

Angel Vasile NICA1, Ecaterina MATEI1*, Sorin Marius AVRAMESCU2* 

The aim of this study was to synthesize and evaluate NiO/Al₂O₃ catalysts for 

their efficiency in the advanced oxidation process (AOP) applied to the removal of 

Reactive Black 5 (RB5) dye from aqueous solutions. Ozone was employed as the 

oxidizing agent, both alone and in combination with the prepared catalysts, to assess 

their synergistic effect on pollutant degradation.  

The experimental results demonstrated that the presence of NiO/Al₂O₃ 

catalysts significantly enhanced both the decolorization of RB5 and the overall 

mineralization of organic compounds, compared to ozonation alone. Among the tested 

conditions, the optimal catalyst dosage was determined to be 2 g/L, providing the most 

effective balance between catalytic activity and operational efficiency.  

These findings highlight the potential of NiO/Al₂O₃ catalysts as promising 

materials for catalytic ozonation in wastewater treatment applications. 
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1. Introduction 

The presence, even of small concentrations of pigments, in aqueous 

effluents is very visible and unwanted, because the introduction of colored water 

into the ecosystem involves aesthetic pollution and environmental problems such 

as disturbance of aquatic life, reduction of biodiversity affecting photosynthesis 

processes [1]. There are over 100,000 commercially available dyes and over 7 x 105 

tons are produced annually. Dyes are not completely bound in the factory and 

depending on the type of dye they are lost in the wastewater: 2% in for basic dyes 

and over 50% for reactive dyes, causing serious environmental problems. In 2023, 

between 120 - 140 thousand tons of dyes were produced worldwide [2-4]. During 

the dyeing process, only 50 - 90% of the dye binds to the fiber, the rest hydrolyzes 

and is eliminated in the environment by washing [5-8]. For example, to treat one kg 

of cotton fibers, between 80 and 100 L of water are required, thus generating huge 

quantities of colored water. This water cannot be reused, cannot be discharged to 

the sewage system, nor can it be released into the environment without prior 
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treatment. Azo dyes (chromophore group: -N = N-) are among the most widely used 

dyes in the dyeing process in the textile industry; but they are also used in the 

cosmetics industry, the paper and photographic industry, tanning processes etc.  

Dyes generally have complex aromatic structures and high stability in 

solution, therefore, conventional biological treatment methods and activated sludge 

processes are ineffective in bleaching processes. Some azo dyes give carcinogenic 

reaction by-products [9-11]. Treatment processes such as coagulation/flocculation, 

reverse osmosis and adsorption have the disadvantage of transferring the pollutant 

to another environment leading to secondary pollution. New wastewater treatment 

technologies, which ensure a complete mineralization of organic pollutants, are 

currently considered the most appropriate solution, given the drastic requirements 

regarding the level of wastewater contamination. One of the major directions in 

which water treatment technologies are evolving is the development of new 

extensive oxidation processes [12-21]. These methods are based on the activation 

of powerful oxidizing agents, like ozone and/or hydrogen peroxide, with the 

generation of radical species with high redox potential. Catalytic processes can be 

considered an alternative for the purification of dyes from wastewater.  

Recent studies have demonstrated that the photocatalytic process can be 

used for the mineralization of organic compounds or the degradation of dyes using 

TiO2 in the presence of UV radiation. Photocatalytic processes do not require 

expensive oxidants and can take place at normal temperature and pressure, this 

being the main advantage compared to other oxidation processes. 

The azo dyes, characterized by an azo group (-N=N-), represent a 

comprehensive category of dyes employed  in textile industry for dyeing of a large 

category of  materials [18, 21-23]. Different types of azo dyes are synthesized in 

industry (acid, reactive, disperse, vat, metal complex, mordant, direct, basic and 

sulphur) but the reactive type are largely used and represent a significant threat for 

aqueous environment since more than 16% of these compounds can be found in 

industrial wastewaters. In this study Reactive Black 5 (RB5) was used as azo dye 

model compound to mimic the water pollution and the purification process using 

catalysts and ozone as a tandem for advanced putrification. The catalytic system 

used for this process was NiO supported on alumina and was obtained by 

impregnation followed by calcination at 550 oC 

2. Materials and methods 

The catalyst was prepared by immersing Al2O3 pellets in aqueous solutions 

of nickel nitrate. Concentration of nickel solution and Al2O3 amount were calculate 

in order to obtain a concentration 10% metal in the solid catalyst. After the 

impregnation process, the solid precursors were dried at 120oC for 4 hours and 
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calcined at 550oC for 4 hours (Fig. 2). Oxidation tests were performed in a semi - 

batch reactor (Fig. 3). 

Experimental conditions: 

• Gas flow: 20 L h-1 

• Solution volume: 800 ml 

• RB concentration: 500 mg/l 

• Temperature: 22  0.5 oC 

• pHi= 2.4; 5.4; 10.5 

• Catalyst dose: 1; 2; 4 g/L 

• Ozone addition rate: 6.5 mg min-1 

NiO/Al2O3 catalyst: 

SBET = 203.1 

Phase composition: NiO;  η(γ)–Al2O3  
 

 

Fig. 1. Structure of Reactive Black 5 (RB5) 
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Fig. 2. SEM image for prepared catalyst. 

 
Fig. 3. Experimental set-up used in the ozonization process 

3. Results and Discussions 

Experimental tests have proven that the ozonation process is very efficient 

for destruction of chromophore group of RB5 and with the help of prepared catalyst 

the reaction rate increase significantly (Fig. 4). However, the removal of TOC 
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during the oxidation process is considerable slower especially in absence of catalyst 

(up to 120 minutes for catalytic process) (Fig. 5).  

0 20 40 60 80
0.0

0.2

0.4

0.6

0.8

1.0

C
/C

o

Time, min.

 ozonation

 catalytic ozonation

 
Fig. 4. Evolution of RB5 concentration in the ozonation process for NiO/Al2O3 catalyst 
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Fig. 5. Evolution of TOC in the ozonation process for NiO/Al2O3 catalyst 

 

The pH of solution at the beginning of reaction has a considerable influence 

on the reaction rate both in terms of color removal and TOC removal. Thus, for acid 

pH reaction rate is much slower comparative with experiments performed on 

neutral and basic pH (Fig. 6).  
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Fig. 6. Influence of pH on RB removal for single ozonation 

 

In the case of catalytic process, the removal of RB5 occur almost the same 

for a large pH domain (Fig. 7). 
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Fig. 7. Influence of pH on RB5 removal for catalytic ozonation process 

 

TOC removal rate strongly decreases for acidic media in absence of catalyst 

compared with catalytic processes (Fig. 8, 9).  
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Fig. 8. Variation of TOC in the ozonation process in absence of catalysts 
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Fig. 9. Variation of TOC in the catalytic ozonation process 

 

This behavior can be assigned to hydroxyl radicals production in the 

presence of studied catalyst even at lower values of pH. Increasing the catalyst dose 

lead to an increase of reaction rate but after a concentration of 2g/L the removal of 

RB becomes comparable whit 4 g/L dose thus it can be considered that optimal dose 

for this process is 2g/L (Fig. 10). 
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Fig. 10. Influence of catalyst dose on RB5 removal 

 

4. Conclusions 

 

The application of NiO/Al₂O₃ catalysts in the catalytic ozonation process 

significantly enhances the removal efficiency of Reactive Black 5 from aqueous 

solutions compared to non-catalytic ozonation. The presence of the catalyst not only 

accelerates the degradation rate of the dye but also promotes a higher degree of 

mineralization of the organic content. The study revealed that both the pH of the 

solution, within the range of 2 to 11, and the catalyst dosage positively influence 

the reaction kinetics. 

An optimal catalyst dose of 2 g/L was identified, at which complete removal 

of the dye was achieved. Increasing the catalyst dosage beyond this value did not 

result in a substantial improvement in the oxidation performance, indicating that 2 

g/L represents an efficient and cost-effective threshold for treatment. These findings 

demonstrate the potential of NiO/Al₂O₃ catalysts to serve as effective agents in 

advanced wastewater treatment technologies aimed at the removal of persistent 

organic pollutants. 
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