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Abstract  

Synthetic dyes widely used in many kinds of industry affect the colour of wastewater when 

released to environment due to insufficient treatment in typical sewage treatment plants. Only 

a small dose of those dyes may significantly affect colour of water and, according to the 

chemical composition, may pose risks to wildlife and humans. In the research described in this 

study, decolorization of three various dyes was investigated. Since colour removal of Congo 

Red such as Methylene blue using ozone have been reported by several authors, and the 

literature on Naphthol Green B is rather limited, in the present study we compare the 

decolorization rate of CR, MB and NGB. The colour removal occurred quickly and more than 

90% of colour reduction was achieved within 3-6 minutes throughout all tested pH of the 

solution.   
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INTRODUCTION 

Dyes are organic compounds that are used on textiles, food, silk, wool and other materials. 

Paints are able to fix permanently on fabrics/objects and are resistant to water, soap, light, acids 

and alkalis [2]. Organic dyes are widely used in the textile industry, printing and manufacturing. 

Large amounts of coloured the toxic, non-biodegradable and carcinogenic wastewater are 

discharged into the environment every year, and cause serious environmental problems [3]. Azo 

dyes playing a vital role in textile dyes, consist of 70 % of all organic dyes. Various synthetic 
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dyes, as well as azo dyes, do not decompose easily in a conventional manner [4]. A dye 

concentration of only 1.0 mg per Litre adds colour to wastewater [5].  

 

Classification of dyes 

 

Based on the origin of the material, dyes are classified as natural (natural sources such as 

plants, animals, including hematoxylin, carmine and orcein) and synthetic (organic, inorganic 

compounds)[6]. Based on the charge of the particles, they are divided into ionic (cationic and 

anionic dyes) and non-ionic. Ionic dyes generally pose a higher risk, which is due to their 

reactivity and carcinogenic nature [5, 7]. According to their colour and the functional group 

attached to the chemical structure, there exist chromophore dyes (azo, anthraquinone, indigo, 

xanthenes, phthalocyanine, nitrated, and nitrosated and triphenylmethane dyes) or auxochrome 

dyes (they contain acid or anionic dyes, basic or cationic dyes, vat dyes, direct dyes, mordant 

dyes, reactive dyes, azo dyes, and dispersed dyes) [3, 6, 8]. 

 

Methylene Blue (MB) may be also referred to as Basic blue 9. It is a cationic dye. 

Chemical structure is presented in Figure 1. It was developed in 1876 as a dye for the textile 

industry, and later became the first synthetic drug used in medicine [9, 10]. It has harmful 

effects on the environment and human health. It causes high blood pressure, fever, redness of 

skin, irritation of the throat, mouth, oesophagus and stomach, gastrointestinal pain, nausea, 

vomiting, diarrhoea, dizziness, headache and fever [11]. 

 

 
 

Figure 1 Methylene blue chemical structure,  

CAS Number: 122965-43-9 
 

Congo Red (CR) which is also referred to as Direct red 28 is one of the most used azo 

dyes. It is an anionic dye derived from benzidine which is a carcinogen. About 15% of Congo 

red in the textile, paper and leather industries end up in wastewater [12]. CR pollutes water 

significantly, and may affect marine life, such as plants and aquatic organisms. In humans, it 

causes toxicity and diseases such as mutations and respiratory problems [13]. Chemical 

structure is presented in Figure 2. 

 

 
 

Figure 2 Congo Red chemical structure,  

CAS Number: 573-58-0 

 

Naphthol Green B (NGB), also referred to as Acid Green 1, is a complex of iron (3+) with 

1-nitroso-2-naphthol-6-sulfonic acid (Figure 3) [14]. It is one of the highly soluble anionic dyes, 

which belongs to the azo dyes, and it is a derivative of naphthenic acid. This dye is mainly used 

by the textile industry to dye and print wool, nylon, and silk fabrics, which are also used to dye 

leather [15]. Owing to its low cost and efficiency of electron transfer, NGB acts as a mediator 

in electro catalysis, especially for dopamine and uric acid, and can also be used in several 
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spectrophotometric devices [16]. Naphthol green dye B is dangerous for humans; it may cause 

health problems such as increased heart rate, shock, and cyanosis [17]. 

 

 
Figure 3 Naphthol Green B chemical structure,  

CAS Number: 19381-50-1  

 

Treatment of colorant wastewater 

 

Many physical, chemical and biological techniques are used to remove the adverse effects 

of dyes, e.g. ozonation, advanced oxidation, electrochemical oxidation, biosorption, reverse 

osmosis, precipitation, membrane filtration, flocculation/coagulation, adsorption, ultrasonic, 

photochemical and sonochemical degradation as well as photocatalytic degradation [18]. 

 

Ozonation 

 

Ozone can oxidize the organic and inorganic substances in a water body over a wide pH 

range. Ozonation takes place by direct and indirect reactions. In a direct reaction, molecular 

ozone reacts with organic substances; the reaction takes place at pH<4 [19]. This methodology 

is highly selective. It attacks the organic compounds with reducible double bonds. Therefore, it 

is generally more effective when applied to activated amines and aromatic hydrocarbon 

compounds [20]. The indirect reaction concerns the decomposition of ozone in water to form 

the •OH radical, which participates in the oxidation reaction [13] taking place at pH>10 [19]. 

During ozonation of the colour effluent, ozone initially attacks the unsaturated bonds of the 

chromophores, providing rapid colour elimination. However, simple ozonation is often not 

sufficient to completely remove the oxidation by-products such as hydroxyl radicals [21]. 

Ozone oxidation technology may be more efficient in the destruction of e.g. azo dyes, when 

combined with other technologies, such as ultraviolet radiation [13] or H2O2 [19, 22]. 

 

MATERIALS AND METHODOLOGY OF EXPERIMENT 

All chemicals were analytical grade and employed without any further purification.                        

In these experiments, three dyes (Methylene blue (MB), Naphthol Green B (NGB), and Congo 

red (CR)) were used.   

 

Analytical methods 

 

The concentration of selected dyes in the solution was measured in a 1 cm cuvette using 

UV-VIS spectrophotometer (Genesis 8). 

 

Ozonation 

 

Ozone was produced from air using an OZONFILT® OZVa type 2 ozone generator 

(Prominent), which can produce up to 15 g of O3 per hour. Compressed air was supplied as feed 

gas for the production of ozone at a rate of 20 L min-1. The experiment was conducted in a glass 

reactor (5 L), and ozone was aerated through a small micro porous diffuser to 1 litre                                    
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of app. 15 mg L-1 of selected dye for 10 minutes maximum. The concentration of the ozone at 

the output of the generator was 10 % (23 mg per minute). The pH of the solution was set to the 

values 3, 5, 7, 9 and 11. The experiments were carried out in triplicates. 

 

Dye removal efficiency 

 

The dye removal efficiency (R) was determined based on the decrease in the concentration 

of the dye at the beginning and at time t, and it was calculated using the following equation (1): 

 

𝑅 =  
𝐶0 − 𝐶𝑡 

𝐶0 
 100 % , (1) 

 

where C0 and Ct (mg L−1) were the initial concentration and the concentration of selected dye 

at t. 

RESULTS AND DISCUSSION 

The overall reaction kinetics between ozone and the tested dyes (equation 2) were proposed 

to be of second order with respect to both reactants [23]: 

 

      − 
𝑑[𝑐𝐴]

𝑑𝑡
=  

𝑑[𝑂3]

𝑑𝑡
= 𝑘´[𝑂3][𝑐𝐴] . (2) 

 

Since the ozone is presented in excess compared to the dye, the rate of dye decay (rA) could 

be assumed to follow the pseudo-first order rate kinetics (equation 3):  

 

     − 𝑟𝐴 = − 
𝑑[𝑐𝐴]

𝑑𝑡
= 𝑘[𝑐𝐴] . (3) 

 

The integrated form of the equation is (equation 4): 

 

     ln ( 
𝑐𝐴

𝑐0
) = −𝑘𝑡 , (4) 

 

where CA is the concentration of the dye at time t, C0 is the concentration of the dye before the 

ozone application, and k is the pseudo-first-order rate constant. 

 

The results obtained in the ozonation of the dyes are displayed in Fig. 4 a-c. The proposed 

pseudo-first order kinetic model was fitted to the experimental measurements of all tested dyes 

(Figure 5 a-c); the results are summarized in Figure 6. 
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Figure 4 a, b, c Colour reduction versus contact 

time at different pH 

Figure 5 a, b, c Rate constant of pseudo-first 

order kinetic model 

  

 
Figure 6 Rate constant of pseudo-first order kinetic model at different pH 

 

The pH is one of the major factors which may affect treatment efficiency by ozonation. As 

can be seen in Fig. 4 a-c, the decolorization of all tested dyes occurred very fast, while achieving 

97-98 % for MB, 92-95 % for CR and 71-92 % for NGB respectively, after 4 minutes of ozone 

application. The biggest difference in the colour reduction related to pH was achieved in the 

case of NGB where, after two minutes of ozone application, only 47.1 % colour reduction was 

achieved at pH 11 in comparison to 86.0 % at pH 3. In case of both the MB and CR, the 

difference of colour reduction within the whole tested range of pH was not so obvious; e.g., for 

MB at pH 3, the colour reduction was 78.4 % at pH 3 and 85.6 % at pH 11, and 82 and 91 % 

respectively after two minutes of ozonation in the case of CR. After 10 minutes of contact time, 
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the reached colour removal efficiency was 97-98 % for CR, 99-100 % for MB, and 92-94 % 

for NGB respectively. 

The efficiency of colour removal increased with increasing pH in the case of MB and CR, 

while in the case of NGB, the colour removal efficiency decreased with increased pH value.  

The decolorization process agreed with the pseudo-first-order reaction kinetics implying a 

steady state or over-dosed property of ozone concentration, as shown in Fig. 5 a-c. When to 

compare the rate constant of pseudo-first order kinetic model at different pH, Naphthol green 

B showed a 2.6-fold higher rate constant at pH 3 when compared to Methylene blue.  

The efficiency of colour removal increased with increasing pH (pH 11) in the case of MB 

(rate constant was 1.021) and CR (rate constant was 1.282), while in the case of NGB, the 

colour removal efficiency decreased with increased pH value of the tested solution (rate 

constant was 0.3263).    

Positive effect of increased pH value on the decolorization rate in the case of MB was 

previously reported e.g. in [24] or [25]. Adelin et al. in [24] reported that the highest MB dye 

removal efficiency was observed in the alkaline range. The maximum ozonation of degradation 

was at pH 11 and 13 min [24]. Sumegova et al. in [25] performed experiments at pH 3, 7                       

and 11. At pH 3, 66 % degradation efficiency of MB was achieved after 10 minutes, at pH 7 

degradation efficiency of MB 71 % was achieved in 10 minutes of ozonation and 90 % 

efficiency in 10 minutes of ozonation at pH 11. Similar data were found for CR dye removal. 

According to Gharbani et.al. and Tapalad et al., to carry out ozonation processes at higher pH, 

both, ozonation performance as well as colour removal efficiency should be improved. The best 

results can again be observed for the samples with pH 10 [26] and at pH 11[27].  

According to the well-known fact, that the initial pH may drop fast [28], when a pH buffer 

is not used to stabilize the pH of the tested solution, the positive influence of pH on the colour 

removal could be attributed to the presence of reactive •OH radicals. The hydroxyl radicals are 

formed from ozone by its decomposition at high pH values, while the molecular ozone remains 

as the main oxidant at low pH values [28]. The first stage of decolourisation occurs through 

ozone reaction with the double bond azo chromophoric group –N=N– or with the double bond 

of the –C=C– connecting aromatic rings. Generally, the decolourisation by ozone occurs rapidly 

due to the rapid destruction of the conjugated chains of the dye molecules that are responsible 

for colour [29]. 

 

CONCLUSION 

 

Ozone can reduce colour of different dyes after its application to the solution under specific 

conditions. At the output of the ozone generator, ozone at the concentration of 23 mg per minute 

was applied to 1 litre of dye solution. pH of the dye solution varied from 3 to 11. The colour 

removal occurred quickly, and more than 90 % of colour reduction was achieved within                   

3-6 minutes.   
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