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Abstract.  

 Electrochemical oxidation for Disperse blue 1 dye wastewater simulated in the 

laboratory, was investigated in this study using Graphite materials as the 

electrodes. The experiment was carried out in a batch process in a laboratory-scale 

that was analyzed at every 30 min regular intervals, for a total period of 180 min. 

the results were reported in terms of colour removal for different parameters of 

initial concentrations (50mg/L, 95mg/L, and 145mg/L), electrode geometry (plain 

and cylindrical), pH (4, 7, 9), current intensity (1A, 3A), and temperature (280C, 

500C). For the different initial concentrations, Color was reduced by 85.4%, 67.4% 

and 67.8% respectively. More also the plain graphite electrodes showed a 

comparatively higher efficiency of colour removal than the cylindrical graphite 

electrodes. Furthermore, we observed a decrease in colour removal when the pH of 

the effluent was increased from 4 to 9 showing an efficiency of 58.7%, 54.6% 

respectively. Current intensity and temperature showed similar variations. UV-Vis 

study confirmed that the proposed electrochemical degradation process could be an 

effective method for the degradation of textile dye effluent. 
 

 

  



 

1. Introduction 

 

Textile industries present one of the basic need for living (clothing) thereby 

making it an important industry in the human race. However, the industry is not 

without its cons.  Textile industries have been one of the major sources of water 

pollution, this is due consumption of large volumes of water and the resulting 

discharge of large quantities of coloured dye effluents as a result of processes 

which include pre-treatment, dyeing, printing and finishing [1–3]. The exegesis of 

wastewater discharged from textile industries presents a toxic suspended and 

dissolved solids substance [4]. Analysis on wastewaters shows the presence of 

sodium and Chromium in high concentration, also heavy metals including lead 

copper, zinc iron, sulphates were present. Textile processing industries largely 

employ the use of Azo dyes in their operations, most of which are aromatic 

hydrocarbons, a derivative of benzene, toluene, naphthalene, phenol and aniline [5-

9]. Azo dyes are the most important group of synthetic colourants that are 

extensively used in textile, pharmaceutical and printing industries. They are an 

important group of xenobiotic compounds and are recalcitrant in 

biodecolourization process and pose toxicity (Lethal effect, Genotoxicity, 

mutagenicity and carcinogenicity) to aquatic organisms (fish, alga, bacteria etc.) as 

well as animals, thus the need for degrading the impact of Azo dye arises [10-11]. 

 

Since wastewaters from textile industries may find their way back to the water 

bodies, it is of high interest to researchers to find an efficient and economic viable 

way of removing pollutants (majorly dye) from textile industries wastewaters. 

Over the years, different approaches have been developed, this includes physical, 

biological and electrochemical technique for the treatment of wastewaters. The 

physical method involves adsorption process and it is expensive and a bit complex 

to execute, on the other hand, the biological method is easier and more economical, 

but it suffers from the drawback of lengthy processing time. The chemical method 

generates large quantity of sludge which will be subjected to another treatment. 

The physicochemical methods include flocculation combined with floatation, 

electro-floatation, membrane filtration, electro-kinetic coagulation, ion-exchange, 

irradiation, precipitation, ozonation and physiochemical treatment method 

involving the use of activated carbon [12-15]. However these technologies are 



usually inefficient in the removal of colour, little adaptable to a wide range of dye 

wastewaters, generally lead to the production of secondary pollution and so many 

more challenges. It should be more economical and environmentally acceptable to 

use a decolourization technique that is efficient in the removal of colour, less 

expensive and environmental friendly [16]. The electrochemical technique of 

treating wastewaters containing organic pollutants has drawn attention, this is 

mainly for its merits over other techniques, and these include environmental 

friendliness, technical feasibility, cost-effectiveness, versatility, ease of operation, 

energy efficiency, low-temperature requirement and great outputs [17-18]]. 

The electrochemical method used in this research achieved a high percent 

decolourization. The parameters in the electrochemical setup include the geometry 

of the Anode and cathode, initial dye concentration, current intensity, pH, and 

temperatures among others. The electrochemical technique employs an oxidation 

method to breakdown the resistant organic dye compound. It involves the 

adsorption of the pollutant to the anode [19]. 

 

2. Materials and methods 

All the chemicals used in the study were of analytic reagent (AR) grade. The 

Disperse blue 1 dye used in this study was obtained from Aldrich Chemical 

Company Ltd (USA). This anthraquinone dye in this study was used to simulate 

textile effluent from most textile industries. The dye with chemical formula 

C14H12N4O2 has a molar mass of 268.278g/mol with a maximum absorbance 

wavelength of 615λm. The decolourization was carried out at a temperature of 

25°C (298K) in 500ml flask, a calibration curve of 50ml, 95ml and 145ml; 

variation of current was also studied. 

2.1 Experimental set-up for the electrochemical process 

 

The set-up for the electrochemical process is represented in figure 1. The set-up 

consists of a glass beaker of 500ml capacity with a PVC lid in a circular shape, 

having provision to fit a cathode and Anode in a dimension of (7 cm x 3 cm x 0.2 

cm) with a distance of (5cm) between the cathode and Anode. The supporting 

electrolytes such as NaCl (10ml) were added to the electrolytes solution which 

increased the conductivity of the dye effluent and reduced the electrolysis time. DC 



power supply (30V/5A) was set at 5V, 1A and kept under agitation using a 

magnetic stirrer. During this process, samples were collected through the hollow 

PVC lid at 30 minutes intervals and added into sealed test tubes, the extracted 

samples for each concentration 50ml, 95ml, and 145ml were analyzed using a UV 

spectrophotometer and origin pro 8.0 software was used for experimental data 

plotting. The experimental device is shown in Figure 1. 

 

Fig 1. Electrochemical treatment diagram 

 

2.2  pH measurement 

The initial and final pH of the best and least decolourized concentration was 

determined using a pH meter. 

The pH was adjusted to 4, 7 and 9 for the two concentrations. A 0.1M NaOH 

solution was used to increase the pH while a 0.1M of  H2S04 solution w used to 

reduce the pH to the required level 

2.3 Spectroscopic analysis 

The decolourization process was studied via spectroscopy analysis, where the 

absorbance of the initial dye (Abso) was compared with the absorbance of the 

samples collected during the treatment (Abst). The absorbance was measured with 

the UV spectrophotometer (L1-722) at wavelength 615λm. UV employed to 

measure the optical density and electrochemical treatment of percentage 

decolourization as shown in the equations 



D (%) =
(𝐴𝑏𝑠𝑜)−(𝐴𝑏𝑠𝑡) 

(𝐴𝑏𝑠𝑜)
× 100 

Where; 

D %= percentage of colour removal 

Abso=Absorbance at 0min (initial absorbance) 

Abst=Absorbance value at final time. 

 

 

3. Results and discussion 

3.1 Effect of initial concentration.  

Figure 2 shows the trend of decolourization of the simulated disperse blue 1 dye 

effluent at three different initial concentrations (50 mg/L, 95 mg/L, and 145 mg/L) 

over time. It can be observed from the plot the decolourization rate varies 

differently with the initial dye concentration. The higher the concentration of the 

dye in the effluent solution, the lower the decolourization rate will be. While the 

lower the initial concentration, the higher the decolourization. . After 180 minutes 

of effluent treatment, the percentage decolourization of the 50 mg/L dye effluent is 

recorded at 85.4%, compared to 67.4% and 67.8% for 95 mg/L and 145 mg/L dye 

effluent respectively.  This observation is consistent with reports from other work. . 

The reason for this observed pattern is because as the amount of dye material 

increases, the amount of unit electrode treatment increases. However, more organic 

molecules cover the anode surface is not conducive to the production of ·OH, so 

the degradation efficiency will be reduced [20]. 

 



 
 Fig. 2:%Decolourization of 50mg/L, 95mg/L, and 145mg/L concentration on disperse blue dye 

(current = 1A, voltage = 5V, electrolyte =0.05 molL-1) using plane graphite electrodes 

 

 

3.2 Effect of electrode Geometry 

 

During this study, the effect of the electrode structure on the treatment process was 

investigated. This was done by exchanging the initially plane-shaped electrodes for 

cylindrical; shaped electrodes, while keeping every other parameter same as that 

using the plane electrode including electrode material (graphite). At the end of the 

treatment time (180 minutes), the following result was gotten and plotted as seen in 

Fig. below. 
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Fig. 3:%Decolourization of 50mg/L, 95mg/L, and 145mg/L concentration on disperse blue dye 

(current = 1A, voltage = 5V, electrolyte =0.05 molL-1) using cylindrical graphite electrodes 

 

 

Here, it can be noticed that the rate of decolourization using a hollow cylindrical 

electrode is comparatively small with respect to using a plane electrode. After 180 

minutes of electrochemical treatment, a maximum percentage decolourization of 

49% is recorded for the lowest initial dye concentration (50 mg/L) compared to 

85.4% read using the plane electrode. This depicts that the shape of the electrode 

affects the degradation of dye in the effluent during electrochemical treatment. It is 

expected that the large surface area offered by the plane electrode will lead to high 

conductivity and current output into the effluent. 

Hence, there will be a generation of more electrooxidants to cause more 

degradation of the dye compound. 

 

3.3 Effect of pH 

 

The pH of a solution is another important parameter that affects the efficiency of 

colour removal. This efficiency can be increased by increasing or decreasing the 

pH of the solution depending on the nature of the dye substrate and effluent.  

Figure 2 shows how the decolourization rate of a given concentration of Disperse 

blue 1 dye effluent vary at different pH (4,7,9). It can be seen from the figure that 

when the pH is 4, the decolourization rate is maximum; assuming a value of about 

58.7% compared to values of 54.6% and 48% for pH 7 and pH 9 respectively. This 

indicates that the optimization of this process is more efficient in acidic conditions 
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than in neutral and basic conditions. This observation stems from the fact that in 

that the stronger the acidity condition is, the stronger the hydroxyl radical is, the 

higher the oxygen evolution potential is, and the degradation effect of the acidic 

condition is better than the alkaline; On the other hand, the presence of a large 

amount of OH- in alkaline conditions favours the formation of hydroxyl radicals, 

which together contribute to the effect of pH on the decolourization rate [21]. 
 

 

 

 

 
 

Fig. 4: % Decolourization at 50mg/L Disperse Blue1 at pH 4, 7 and 9 (current = 1A, voltage = 

5V, electrolyte =0.05 molL-1) using plain graphite electrode. 

 

3.4 Effect of Temperature 

The effect of operating temperature was studied on the 50mg/L dye effluent 

sample because this concentration showed a steady and consistent behavioural 

pattern to the effects of the rate of decolourization. Here, the experiment was 

conducted at two distinct temperatures, 280C and 500C. From the figure 4, the 280C 

led in decolourization efficiency, while the 500C lagged throughout the duration of 

the reaction, as the lower temperature showed a higher percentage decolourization 

of 95% while the 500C recorded a lower reading of 75%. Conclusively, the 

percentage decolourization clearly and markedly decreased as the operating 

temperature of the treatment increased from 280C to 500C. This permits us to aver 

that lower temperature favours the degradation of the dye. The reason for this 
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decrease in the percentage decolourization of this dye as the operating temperature 

increases is because of the decrease in the generation of chlorine/hypochlorite 

necessary to effect the degradation of the dye as the operating temperature 

increases [22].  

 

Fig. 5: % Decolourization at 50mg/L Disperse Blue1 at 280C and 500C.  (current = 1A, voltage = 

5V, electrolyte =0.05 molL-1) using plain graphite electrodes 

 

3.5 Effect of Current Intensity 

The effect of current intensity on Disperse blue 1 dye using the electrochemical 

technique was also investigated as shown in figure 5 and 6 below. The current 

intensity was varied between 1A and 3A. From the figures below, the percentage 

decolourization was observed to be higher at lower current intensity but as the 

current intensity increased the degradation pattern became anomalous at a higher 

concentration as shown in figure 6. Furthermore, it is observed that higher current 

intensity favours the degradation of the dye at higher concentration because the 

95mg/L degraded more than the 50mg/L. All these points to the conclusion that 

higher current intensity is unfavourable to the degradation of Disperse blue dye 

majorly because it will lead to higher treatment cost and low treatment efficiency 

as affirmed in figure 6 that the 95mg/L only slightly degraded above the 50mg/L at 

higher current intensity. The reason for this conclusion is because the charge 

loading for the degradation of Disperse blue dye decreases as the current intensity 

increases, the over-potential necessary for the generation of chlorine/hypochlorite 



increases as the current intensity increases and the variation of the current intensity 

affects the electrodes surface reaction with the dye molecules as reported by other 

authors. 

 

Fig. 6: % Decolourization of 50 mg/L, 95 mg/L and 145 mg/L Disperse Blue1under optimal 

conditions (current = 1A, voltage = 5V, electrolyte =0.05 molL-1) using plain graphite electrodes 
 

`  
Fig. 7: % Decolourization of 50 mg/L, 95 mg/L and 145 mg/L Disperse Blue1under conditions of 

(current = 3A, voltage = 5V, electrolyte =0.05 molL-1) using plain graphite electrodes 
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4.0 Conclusion 

 The electrochemical treatment technique was used in the degradation of disperse 

blue1 dye using graphite electrodes, sodium chloride as supporting electrolyte. The 

effects of various operating parameters were studied with satisfactory results.  

 At the optimal operational electrolytic conditions (current = 1A, voltage = 5V, 

electrolyte NaCl =0.05 mol/L, pH 4 and temperature 301 K) the degradation of 

dyeing intermediates was greatly influenced. Increasing the initial concentration 

and pH will lead to a corresponding decrease in effluent degradation. The effect of 

pH clearly showed that under acidic conditions the dye effluent degradation using 

this technique was more efficient. 

 It was evident that variations of temperature and current intensity affected the 

decolourization process. At lower temperature and current intensity, the 

degradation of disperse blue1 dye effluent was favourable. UV-Vis study 

confirmed that the proposed electrochemical degradation process could be an 

effective method for the degradation of textile dye effluent. 

 

 However, further investigation of other effluent parameters such as BOD, COD, 

TOC, is necessary to ascertain the viability of this technique in the complete 

degradation of the disperse blue1 dye, as the scope of this work was focused solely 

on colour removal. 
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