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Abstract 

In recent years, the indirect electrochemical degradation of industrial effluents has gained popularity. This study 
examines the electrochemical aqueous solution degradation of reactive azo dyes employing graphite carbon electrodes 
as a possible catalyst. The findings suggested that the degradation of dyes was significantly influenced by the starting 
pH and the supporting electrolytes. Studies on chemical oxygen demand (COD) and UV-Vis were used to assess the 
effectiveness of the degrading process. Reactive dye may be used to obtain maximum colour removal efficiencies of 99% 
and chemical oxygen demand (COD) removal efficiencies of 88%. The LC-MS investigation indicated the breakdown of 
reactive dye and verified that the azo groups and aromatic rings were eliminated. 
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1. Introduction

Numerous things, including the huge increase in industrial waste, marine dumping, air deposition, etc., contribute to 
the environmental disaster on a worldwide scale and result in water contamination. Industries are the main cause of 
pollution in soil and water. Natural impurities removed from cotton fibre, as well as processing chemicals and dyes, 
contribute a significant amount of pollutants to the effluent of the dyeing industry, which produces harmful colourants, 
chemicals, and heavy metals that harm the aquatic environment. Nearly 2 million tonnes of untreated industrial and 
agricultural waste are released into the environment every day [1-6]. This trash has an unpleasant colour and lowers 
the quality of recipient water bodies, necessitating the addition of oxygen in order for the dye pollutants to be digested. 
In aquatic animals, dyes frequently combine with metal ions and cause toxicity. Aquatic life requires the presence of 
dissolved oxygen (DO) in the water. Increases in organic content may have an impact on the chemical oxygen demand 
(COD) and biological oxygen demand (BOD) of water bodies (BOD) [6-9]. Organic and inorganic components may both 
be present in wastewater, depending on the source. BOD and COD both reduce DO, rendering the water unsuitable for 
consumption. By 2050, 65% of the world's population would lack access to safe drinking water, according to current 
estimates. Water-based resources health issues for the general public are brought on by decreased water quality [10-
14]. All perennial aquatic resources could no longer be suitable for their intended usage due to the fast growing 
population and the resulting wastewater output. Wastewater produced in metropolitan areas will not be fully treated 
in the coming years. In order to determine the state of wastewater generation and treatment in class I cities (population 
greater than 100,000) and class II towns, the Central Pollution Control Board conducted research. According to the most 
recent study, India's 921 Class I and Class II municipalities produce roughly 26254 million gallons of wastewater every 
day [15-19]. 
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The demand for produced items will rise along with the population. As a result, it is anticipated that the amount of 
industrial trash would increase more quickly than that of municipal wastes. Industrial wastewater management has 
changed significantly in recent years. Industries are understanding the necessity and advantages of utilizing water for 
a variety of uses in declining order of necessary purity before ultimate treatment and release to the environment as a 
result of legal regulations and technical improvement [20, 21]. The biggest environmental negative consequences from 
diverse businesses' wastewater production cause biosystem imbalance. The demand for produced items will rise along 
with the population. As a result, it is anticipated that the amount of industrial trash would increase more quickly than 
that of municipal wastes. Industrial wastewater management has changed significantly in recent years. Industries 
understand the necessity and advantages of utilizing water for a variety of uses in declining order of necessary purity 
before ultimate treatment and release to the environment as a result of legal regulations and technical improvement. 
The biggest environmental negative consequences from diverse businesses' wastewater production cause biosystem 
imbalance [22-24]. 

1.1. Operations for dyeing textiles  

The textile industry is made up of a wide and dispersed set of companies that manufacture and/or process textile-
related materials (fibre, yarn, and fabric) for use in manufacturing industrial, household, and fashion goods. Companies 
involved in the textile industry acquire and prepare fibres, turn them into yarn, thread, or webbing, turn the yarn into 
fabric or items connected to it, and colour and finish these materials at various stages of manufacturing. The majority 
of textile mills specialise in the dyeing process since it is a sophisticated procedure to turn raw fibres into completed 
clothing and non-apparel textile goods. In the process of creating synthetic cotton and wool textiles, there is little 
distinction between knitting and weaving (Hashem et al. 2005). 

1.2. Dyeing 

Dyeing is the application of chemical pigments to fibre or cloth in order to provide colour. According to product 
utilization and raw fabric ingredients, the technique is broadly separated into reactive, indanthren, dispersion, sulphur, 
vat, and naphthol dyeing. The dyes' chromophore and auxochrome groups, which also contribute to pollution, are what 
give the colour. Water is used in the dyeing process to transfer colours and to heat the treatment baths in the form of 
steam. The most extensively used fibre in the world, cotton, is a substrate that requires a lot of water to process. For 
instance, 0.6–0.8 kg of NaCl, 30–60 g of dyestuff, and 70–150 l of water are needed to dye 1 kg of cotton with reactive 
dyes. 

1.3. Environmental concern of reactive dyes 

The most problematic substances in textile dye effluents are reactive dyes (Carliell et al. 1994 and 1996). Due to their 
complicated structure and synthetic origin, they are distinguished by their great water solubility as well as their high 
stability and persistence. They provide a significant resistance against chemical and photolytic deterioration since they 
are purposefully made to resist degradation. Additionally, under normal aerobic conditions encountered in standard 
biological treatment systems, reactive dyes, including many textile colours, typically do not biodegrade (Brown and 
Hamburger, 1987). The reactive dyes family is one of them that is of particular interest. Although they are often non-
toxic, they can produce aromatic amines, which are potentially carcinogenic, mutagenic, and toxic breakdown products, 
in anaerobic settings (such as aerobic sediments and intestinal habitats). The fact that cotton is one of the most widely 
produced textile fibres in the world, with annual production exceeding 25 million tonnes, provides insight into the 
extensive use of reactive dyes, their large-scale production, and the environmental damage caused by the wastewater 
they produce. Additionally, the high degree of hydrolysis of reactive dyes in alkaline baths further increases the potential 
environmental harm of their effluents. 

2. Material and methods 

2.1. Experimental setup  

2.1.1. Chemical Treatment 

Experimental setup used for laboratory scale chemical treatment is shown in Figure 1. The AR grade chemical reagents 
such as Sodium hypochlorite (NaOCl), Calcium hypochlorite (Ca(OCl)2), Ferrous sulphate ( FeSO4.7H2O) and Hydrogen 
peroxide (H2O2) were used for the experiments. 
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2.1.2. Experimental setup for electrochemical treatment 

The unit includes two components: The dyestuff bath and the Power system. The dyestuff bath is setup with Borosil 
beaker and its capacity is of 250 ml. It includes two electrodes (a cathode and an anode). Two types of electrodes, 
Graphite carbon and Stainless Steel, in any single experiment; both the electrodes used were of same material. Spacing 
between the two electrodes was 2 cm.  

2.2. pH 

Measurement of pH is one of the most important and frequently used tests in water chemistry. Practically every phase 
of water supply and wastewater treatment, e.g. acid–base neutralization, water softening, precipitation, coagulation, 
disinfection and corrosion control is pH–dependent. At a given temperature the intensity of the acidic or basic character 
of a solution is indicated by pH or hydrogen ion activity. Alkalinity and acidity are the acid– and base–neutralizing 
capacities of water and usually are expressed as milligrams of CaCO3 per liter. In this study pH was measured by a water 
analyser– Systronics, Model–371 (Figure 3) after calibrating the pH meter with buffer solutions of pH 4.0, 7.0, and 9.2 
(APHA 1999, Method no. 4500–B of Standard Method). 

2.3. Chemical oxygen demand (COD) 

Chemical oxygen demand (COD) is defined as the amount of a specified oxidant that reacts with the sample under 
controlled conditions. The quantity of oxidant consumed is expressed in terms of its oxygen equivalence. Because of its 
unique chemical properties, the dichromate ion (Cr2O72–) is the specified oxidant; it is reduced to the chromic ion (Cr3+) 
in this test. Both organic and inorganic components of the sample are subject to oxidation, but in most cases the organic 
component predominates and is of the greater interest.  

In this study COD was determined by Open Reflux (titrimetric) method (APHA 1999, Method no. 5220–B of Standard 
Methods). For COD analysis 20 mL of sample was taken in COD digestion flask (250 mL) and to this flask 10 mL of 0.01 
M standard K2Cr2O7 solution and 1 g of HgSO4, and added 30 mL of concentrated sulfuric acid (98%, Added 5.5 g 
Ag2SO4/Kg H2SO4) were added slowly with stirring and refluxed for two hours at 423 K. Blank considered of double 
distilled water was also prepared. Then the sample and blank solutions were cooled to room temperature and COD 
value was determined by titrating with 0.01 M standard Fe(NH4)2(SO4)2.6H2O solution using ferroin indicator.  

3. Results and discussion 

3.1. Electrochemical degradation studies 

 

Figure 1 Electrochemical decolorization process of reactive dye: 50 ppm (w/v); pH: 3; NaCl: 5 g L–1; time: 20 min 
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Under ideal electrolyte conditions, the dye was quickly and nearly completely decolored by the electrochemical 
breakdown (Figure 1). The proportion of reactive dye decolorization after electrochemical treatment was determined 
to be 99.93% in 20 minutes. Through UV-Vis absorbance measurements, the level of decolorization was tracked. 

3.2. Effect of supporting electrolytes 

UV-Vis spectra (Figure 2) show that the decolorization effectiveness of reactive dye rises when NaCl is added to the dye 
solution during electrolysis. This discovery led to the conclusion that the use of NaCl as an electrolyte can increase the 
degradation efficiency and reduce the time required for electrolysis, which may be explained by the interaction between 
the dye molecule and the electrogenerated chlorine/hypochlorite. The following figure outlines a potential process for 
electrochemical deterioration in the presence of NaCl. 

 

Figure 2 Absorption spectra for reactive dye solution before and after electrolysis for different concentration of NaCl. 
Electrolysis condition: concentration of the dye solution: 50 ppm (w/v); pH: 3; current density 170 A m–2; time: 20 

min 

Anode reaction:  2Clˉ → Cl2 + 2eˉ ……….– (1) 

Cathode reaction:   2H2O + 2eˉ → H2 + 2OHˉ ……………. (2) 

  Bulk solution reaction:                 Cl2 + H2O → HOCl + H+ + Cl– ……….. (3) 

                                                        HOCl → H+ + OClˉ ………….– (4) 

The above mechanism was classified as indirect electro–oxidation of pollutant. Increase in the concentration of NaCl 
upto 5 g L–1 accelerated the degradation rate, enabling the decolorization efficiency of reactive dye.  
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Figure 3 Influence of different supporting electrolytes concentration on applied voltage during electrolysis of dye 
solution. Electrolysis condition: concentration of the dye solution: 50 ppm (w/v); pH: 3; current density 170 A m–2 

The ideal concentration of NaCl in the sequential degradation study was set at 5 g L-1 since subsequent increases in 
NaCl concentration (> 5 g L-1) resulted in a minor improvement in decolorization efficiency. Additionally, the working 
voltage at the specified current density decreases as the NaCl content rises (Figure 3). 

 

Figure 4 Absorption spectra for reactive dye solution before and after electrolysis for different concentration of 
Na2SO4. Electrolysis condition: concentration of the dye solution: 50 ppm (w/v); pH: 3; current density 170 A m–2; 

time: 20 min 

The impact of Na2SO4 on the deterioration of dyes is shown in Figure 4. It was discovered that the decolorization 
efficiency was lower than NaCl's. The production of stronger oxidizing agents like Cl2, HOCl, and OCl- is thought to be 
the cause of the increased decolorization effectiveness in the presence of NaCl. The formation of persulphate ions, which 
may oxidize organic dyes, is thought to be the cause of the decolorization in the presence of Na2SO4. 

3.3. Effect of initial pH 

One of the key elements that affect how well an electrochemical process works is the pH of the solution. As a result, tests 
were done to determine how pH affected how quickly reactive degraded. When the concentration of NaCl was at 5 g L -

1, there was a noticeable variation in the degree of decolorization. Using 1M H2SO4 or NaOH, the original pH of the 
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solution (3–11) was changed. The electrolysis was done at room temperature for 20 minutes with a current density of 
170 A m-2 and a dye concentration of 50 ppm (w/v) (300 K). It was evident from the UV-Vis spectra that the presence 
of chromophores is what causes the absorption in the visible range (azo groups). 

 

Figure 5 Absorption spectra for reactive dye solution before and after electrolysis at different pH. Electrolysis 
condition: concentration of the dye solution: 50 ppm (w/v); NaCl: 5 g L-1; current density 170 A m–2; time: 20 min 

3.4. Analysis of COD 

 

Figure 6 Effect of pH and NaCl concentrations on COD removal of reactive dye. Electrolysis condition: concentration of 
the dye solution: 50 ppm (w/v); current density 170 A m–2; time: 20 min 

The standard COD measurement is known to be affected by a number of inorganic substances (Lenor et al. 1999). Of 
these, chloride may have the significant effect on the test which is due to its reaction with potassium dichromate 
(Chatzisymeon et al. 2006). The COD was measured by adopting open reflux titrimetric method. In the present study, it 
can be seen that the degradation of NNWB from their aqueous solutions may proceed by indirect electrochemical 
oxidation rather than direct electrochemical process. The electrolysis was carried out at a current density of 170 A m–2. 
At this current density, Cl2 generated in the solution drives the oxidation process. In the absence of chloride containing 
electrolytes, the COD removal and dye degradation efficiencies were very low (Abu and Abdel, 2005). The maximum 
COD removal efficiency (92.63 %) was observed at pH 3 (Figure 12a). The percent removal efficiency of COD increased 
with increase in the concentration of NaCl (Figure 12b). This confirmed that the electrogenerated chlorine/hypochlorite 
will play an important role in the electrochemical degradation process of the dyestuffs.  
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3.5. LC–MS studies 

LC–MS technique was employed to monitor the extent of degradation of dye molecule before and after electrolysis. 
Since, this technique is specifically useful to study the cleavage of azo groups, formation of intermediates and hence the 
extent of mineralization occurs during electrolysis. The dye solution (50 ppm, w/v) was subjected to electrolysis at a 
current density of 170 A m–2 and at pH 3 keeping NaCl concentration at 5 g L–1. MS spectrum recorded before electrolysis 
shows a greater number of peaks at higher m/z values due to the presence intact dye of high molecular weight and other 
impurities (Figure 13a). 

 

Figure 7 Mass spectrum of NNWB (70–80%) (a) before electrolysis and (b) after electrolysis. Electrolysis condition: 
concentration of the dye solution: 50 ppm (w/v); pH: 3; NaCl: 5 g L-1; current density 170 A m–2; time: 20 min 

The MS spectrum of the electrolyzed dye solution shows, the absence of majority of the earlier peaks. This indicated the 
decomposition of the dye molecules in to colorless low molecular weight fragments (Figure 13b). The remaining peaks 
in the mass spectrum may be due to the presence of substituted aromatic compounds, particularly different substituted 
benzene like moieties. 

3.6. FT–IR 

The FT–IR spectrum of dye NNWB obtained before electrochemical treatment showed several bands at fingerprint 
region. After the electrochemical degradation a significant reduction in the number of bands were observed in 
fingerprint region (Figure 14). This further concludes the disappearance of many functional groups of the dye molecule. 
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Figure 8 FT–IR spectrum of NNWB (70–80%) (a) before electrolysis (b) after electrolysis. Electrolysis condition: 
concentration of the dye solution: 50 ppm (w/v); pH: 3; NaCl: 5 g L-1; current density 170 A m–2; time: 20 min 

4. Conclusion 

In the present study the degradation of textile dyes (Reactive dye) and wastewater has been undertaken through 
chemical and electrochemical methods. For chemical treatment NaOCl, Ca(OCl)2 and Fenton’s reagent were used as 
oxidizing agents to degrade textile dyes and wastewater. From the results it is concluded that, the chemical method of 
treatment is not an efficient way for the effective degradation of dyes and wastewater. Chemical treatment causes 
additional pollution due to the undesired reactions and large amount of sludge formation. Moreover, these methods are 
highly expensive and require longer times for the degradation. From the proposed electrochemical degradation 
methods, the experimental results were obtained nearly 100 % decolorization and COD removal of the textile dyes and 
wastewater with less time consuming and low power consumption. The developed electrochemical methods can be 
used for the effective degradation of textile dyes and wastewater on commercial scale. Also, this method does not pose 
disposal problem after the treatment. 
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