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Abstract 
Removal of dye from wastewater has been investigated using the electrocoagulation 
method. Batch experiment has been conducted to remove the color from synthetically 
prepared Acid Red 87 dye wastewater. Stainless steel and nickel foam sheets are used as 
cathode and anode, respectively. The effect of some operating parameters, such as 
current density, initial dye concentration and supporting electrolyte concentration, on 
color removal has been studied. It can be observed from the present investigations that 
the nickel foam electrode effectively removes color from the wastewater. Nickel hydroxyl 
species formed during the operation and also, nickel(II) hydroxide flocs formed in a 
subsequent stage, trap colloidal precipitates and make solid-liquid separation easier 
during the flotation stage. These stages of electrocoagulation must be optimized to design 
an economically feasible process. 
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Introduction 

Wastewaters generated from various process industries contain various types of pollutants. 

These pollutants must be treated, and only clean water must be disposed to the environment. 

Industries such as textile, paper and pulp, as well as leather and pharmaceutical industries, are 

generating large amounts of pollutants. Distinct pollutant treatment techniques have already been 

adopted for the wastewater treatment, namely physical, chemical and biological techniques. 

Pollutants coming out from the textile industry contain organics and colours, and treatment of these 

pollutants is mandatory before letting them to the environment [1].  

In this aspect, the cost-effective treatment techniques are ultimately required to treat a wide 

range of wastewater pollutants in a diverse range of conditions. Compared with conventional 

treatment techniques, electrocoagulation method of pollutant removal provides a robust and 
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efficient treatment method. Electrocoagulation is usually used to treat textile wastewater [2], dairy 

wastewater [3], paper industry effluent [4], printing wastewater [5], metal finishing [6] and plating 

wastewater [7], pharmaceutical wastewater [8], etc.  

In the electrocoagulation process a sacrificial metal anode is used for the electrochemical reaction 

that provides active metal cations for the coagulation process. The advantage of electrocoagulation is 

that coagulants are generated in situ, i.e. they are not added externally to the wastewater. Electrodes 

such as aluminium and iron are widely used for the electrocoagulation process [9]. Electrocoagulation 

of textile wastewater was studied using Al-Fe anode by Ghanbari et al. [10]. The authors reported that 

98 % color removal efficiency was achieved using this combined anode. Safwat [5] performed the 

electrocoagulation process for the treatment of real printing wastewater using two different, zinc and 

titanium electrodes. With the electrode distance of 4 cm, the author observed 47 and 41 % chemical 

oxygen demand (COD) removal using titanium and zinc electrode, respectively. Devlin et al. [11] 

studied the influents from municipal wastewater treatment plant, which were electrochemically 

treated with sacrificial aluminum, iron, and magnesium electrodes. It was noticed that aluminum and 

iron electrodes remove 68 % COD, while magnesium electrodes, removed 49 % COD. Electroc-

oagulation of metal fining wastewater was studied by Ilhan et al. [12], where the authors reported the 

importance of pH adjustment after the electrocoagulation process using iron electrodes, which are 

found 10 % more effective than aluminum electrodes. 

Nickel has been also used as a sacrificial anode for the wastewater treatment. Karikaningsih et al. 

[13] performed electrocoagulation using metallic Ni foam anode for the removal of boron present in 

wastewater. The authors reported that removal efficiency was maximized at pH 8-9, and decreased 

as pH increased beyond this range. Nickel foam electrode has also been used for electrooxidation of 

wastewater. Ni-foam coated with iron–chitosan solution was designed as a new cathode for the 

electro-Fenton treatment of colored effluents [14]. The authors concluded that new cathode is a 

suitable alternative for the treatment of colored wastewater by continuous electro-Fenton treatment. 

Similar studies have been also reported [15,16], showing that Ni-foam cathode is suitable for the 

treatment of colored wastewater by continuous electro-Fenton treatment. 

Nickel foam is a three-dimensional electrode, with many advantages including good electrical 

conductance and high specific surface area. In literature data, however, very few authors have used 

Ni-foam for electrocoagulation process. Hence in the present study, we are focused to remove Acid 

Red 87 dye from the simulated textile wastewater using nickel foam electrode.  

Experimental 

Chemicals  

Acid Red 87 dye and other chemicals were purchased from SRL Pvt Ltd., Chennai and used without 

any purification. The dye, also called Eosin yellow has the molecular formula of C20H6Br4Na2O5. Known 

amount of Acid Red 87 dye was dissolved in distilled water to prepare the synthetic wastewater. 

Concentration of NaCl was varied by adding required amount of salt into prepared dye solution. pH of 

the solution was adjusted by dropwise adding either alkali or acid (1 M) solution. 

Electrochemical experiments 

The electrochemical setup consisted of 100 ml capacity cell, filled with the prepared synthetic 

wastewater solution and two immersed electrodes. The schematic setup of the experiment is shown 

in Figure 1. The electrolytic solution was stirred throughout with the help of magnetic stirrer during 

the process. Batch experiments were conducted using a digital DC regulated power supply, having 
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the range 0-30 V and 0-5 A. Stainless steel sheet was used as cathode and nickel foam as anode. The 

electrodes having total active electrode area of 14 cm2 were placed vertically into solution, parallel 

to each other at a distance of 1 cm, and connected to a DC power supply. 
 

 
Figure 1. Scheme of experimental setup 

A metallic foam used as a sacrificial electrode does not only catalytically alter the energy barrier 

to the electron transfer to form metal hydroxides, but also provides a large surface area where the 

redox reaction proceeds. Therefore, nickel foam is an attractive material owing to its high specific 

capacitance, well-defined electrochemical activity and high stability.  

In the electrocoagulation process, the main reactions occurring at the electrodes involving Ni 

anode are: 

Anode: Ni (s) →Ni2+
(aq) + 2e- (1) 

Cathode: 2H2O + 2e-→H2(g) + 2OH-
(aq) (2) 

 Ni2+
(aq) + 2OH-

(aq)→Ni(OH)2(s)  (3) 

Overall reaction: Ni(s) + 2 H2O→Ni(OH)2(s) +H2(g) (4) 

Ni is oxidized at anode by reaction (1), water is reduced at cathode by reaction (2), while dissolved 

Ni2+ ions form Ni-hydroxide species by reaction (3). The overall reaction (4) suggests a removal 

mechanism by formation of Ni(OH)2 of high adsorption properties for dye bonding and subsequent 

coagulation and precipitation. Depending upon pH of an aqueous medium, different electrolytic 

forms can be generated like NiOH, Ni(OH)2, Ni(OH)-
3, Ni(OH)2

4, and Ni4(OH)4, suggesting that pH of 

the electrolyte governs precipitation. At higher pH values, NiO, NiOOH, or Ni(OH)3can be also formed 

at specific overpotentials. The formed Ni(OH)2(s)/NiOOH appear as sweep flocs with large surface 

area, which favor adsorption and thus removal of pollutants. Nickel oxide was proven to be a good 

adsorbent for the treatment of organic and inorganic wastewaters. 

Experimental procedure 

The experiments were performed at room temperature and constant stirring speed of 250 rpm. 

In each run, 100 ml of synthetic wastewater dye solution was placed into the electrolytic cell. The 

current density was adjusted to a desired value for the experiment. At the end of the run, the 

solution was filtered, and the filtrate was centrifuged at 200 rpm. Before each run, organic 

impurities on electrode surfaces were removed by washing with acetone, while the surface oxide 

layer was removed by dipping for 5 min in dilute hydrochloric acid. At the end of the experiment, 

the electrodes were washed thoroughly with water to remove any solid residues on the surfaces, 
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dried, and reweighed. Operating parameters such as initial dye concentration, supporting electro-

lyte concentration and current density were varied to study the color removal of dye wastewater at 

initial pH value of 7 and distance between electrodes of 1 cm in all experiments. 

Analytical method 

Samples of dye solution were analyzed using a UV-Spectrophotometer at max (518 nm of Acid 

Red 87). The percentage of color removal was calculated according to [17]: 

initial absorbance - final absorbance
Removal = 100

initial absorbance
  (5) 

Initial and final absorbances in equation (5), are absorbances measured at max initially and after 

treatment time (t).  

Result and discussion  

Kinetic of decolorization  

The rate of decolorization reaction in a batch reactor can be described as the first order kinetics [17]: 

=
0

ln -
C

kt
C

 (6) 

where C0 and C are initial dye concentration and dye concentration after reaction time t, while k is 

the reaction rate constant. From the linear plot -ln(C/C0) vs. t, the rate constant can be determined 

from its slope. The rate constants of dye wastewater decolorization for different dye concentrations 

are given in Table 1, where it can be noticed that the rate constant decreases from 0.1232 to 

0.0171 min-1 with increasing dye concentration.  

Table 1. Decolorization kinetics of dye wastewater at different concentrations of dye  

Initial dye concentration, mg L-1 k / min-1 
100 0.1232 
300 0.0332 
500 0.0171 

Effect of supporting electrolyte concentration 

The effect of the concentration of supporting electrolyte (NaCl) on dye removal is shown in 

Figure 2.  
 

 

Figure 2. Effect of supporting electrolyte 
(NaCl) concentration (1-9 g L-1) on dye 
removal. Initial dye concentration: 100 mg L-1; 
current density: 12 mA cm-2; pH 7.0 
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The supporting electrolyte NaCl concentrations were varied from 1 to 9 g L-1 and the color removal 

was observed. It can be noticed from Figure 2 that color removal efficiency increased not only with 

the reaction time, but with increase in the concentration of NaCl too. This is probably due to the 

generation of hypochlorite ions (OCl-) formed together with hypochlorous acid (HOCl) by electrolysis 

of near-neutral aqueous NaCl solutions. Presence of OCl- ions in wastewater enhances the formation 

of nickel hydroxide. Increase in the quantity of the supporting electrolyte results in producing of larger 

amount of sludge during the electrocoagulation process [18]. The sludge generated during the 

experiment was minimal and safely removed in each experiment and disposed.  

Effect of current density 

Current density is important operating parameter in batch electrocoagulation process, since it is 

the only parameter that can control the removal process directly. Electrode distance and pH of the 

solution were fixed for the present experiment and the current density is varied. Current density 

directly determines both coagulant dosage and bubble generation rates, and for higher current 

density, the shorter treatment time is required for dye removal. This is ascribed to the fact that at high 

current density, the dissolution of nickel anode increases, resulting in a greater amount of Ni 

hydroxide for the removal of dyes pollutants. The effect of current density on color removal is shown 

in Figure 3. Current density was varied from 3 to 12 mA cm-2, and color removal was observed. It is 

noticed from Figure 3 that color removal increases with increase in the current density. The 

decolorization efficiency increases rapidly up to 92 % at the current density of 12 mA cm-2, and then it 

remains almost constant for higher current densities [19]. The dissolved amount of anode is fairly 

linearly dependent on the current density. High current density increases the coagulant generation 

with lesser size which provides larger surface area between the coagulant and pollutants. Increase in 

the current density decreases the treatment time of the dye solution. 
 

 

Figure 3. Effect of current density (3-12 mA cm-2) 
on dye removal. Initial dye concentration:  
100 mg L-1; NaCl concentration: 9 g L-1; pH 7.0 

 

Effect of initial dye concentration  

It is seen in Figure 4 that decolorization efficiency falls from 92 to 67 % when the dye 

concentration was increased from 100 to 500 mg L-1, suggesting that the removal efficiency is 

inversely proportional to dye concentration. The final pH of solution and the mass of dissolved nickel 

foam anodes were nearly independent, while the cell voltage increased slightly with increasing dye 

concentration. Despite small increase of the cell voltage at a constant current density, the energy 

consumption shows a strong inverse relationship with dye concentration. When the decolorization 

rate is inversely proportional to the concentration of dye solution, absorbance of the sample is 

directly proportional to the concentration of the dye solution. 
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Figure 4. Effect of initial dye concentration 
(100-500 mg L-1) on dye removal. Current 
density: 12 mA cm-2; NaCl concentration:  
9 g L-1; pH 7.0 

Conclusion  

Removal of Acid Red 87dye from synthetic wastewater samples by electrocoagulation method 

was conducted using nickel foam electrode. Batch experiments were performed using nickel foam 

as anode and stainless steel as cathode. Influence of experimental operating parameters such as 

initial dye concentration, supporting electrolyte (NaCl) concentration and current density on dye 

removal efficiency was studied, keeping initial pH of solution and distance between electrodes 

constants. The removal efficiency was found proportional to the concentration of supporting 

electrolyte and current density, but inversely proportional to the initial dye concentration. Up to 

92 % dye removal was observed after 40 min of treatment time for the optimum operating 

conditions (current density: 12 mA cm-2, initial dye concentration: 100 mg L-1, NaCl concentration: 

9 g L-1, initial pH: 7.0; distance between electrodes: 1 cm). Kinetics of the dye removal was found as 

the first order kinetics. It can be concluded from the present experiments that nickel foam electrode 

can effectively remove dyes from the wastewater. 
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