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ABSTRACT 
 
A solution of azo-2-naphthol dye containing a metal ion was subjected to direct current electrocoagulation (DCE). 
Different initial dye concentration in the range 0.01-1.0 % (w/v) was investigated with different metal ions including 
Fe2+, Fe3+ and Cu2+. The results obtained showed significant complexation of the metal ions with dye.  
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INTRODUCTION 
 

Electrocoagulation is an electrochemical technique in which a variety of unwanted dissolved particles and 
suspended matters can be effectively removed from aqueous solution by electrolysis. This technique was initially 
used by Miwa [1] to effect dechlorophyllation of an aqueous extract of stevia in order to obtain the sweet glycosidic 
components from stevia leaves. Since then, electrocoagulation has gained importance and its applicability is still 
explored in diverse areas. Separation of metals using electrocoagulation techniques has been popular of recent. 
Notable ones include, separation of heavy metals [2-3],purification of industrial wastewater from toxic metals [4], 
removal of heavy metals from waste fountain solution [5], treatment of metal-loaded soil leachates [6], removal of 
lead and zinc from battery industry wastewater [7],selenium from industrial wastewater [8], Chromium(III) and 
Chromium(VI) from synthetic wastewater [9], heavy metal ions removal from metal plating wastewater [10-13], 
removal of cobalt(II) [14], Nickel(II) and silver(I) [15], Manganese(II) ions [16], indium(III) ion [17], strontium and 
cesium [18], from aqueous solution, removal of antimony from mine wastewater [19], removal of arsenic from 
ground water [20-22], removal of mecury(II) [23] and iron(II) from tap water [24]. 
 
Electrocoagulation is also very important in the treatment of textile industry wastewater [25-27]. Dye removal from 
textile wastewater [28-30], decolourization of synthetic Methyl Orange wastewater [31], dye colour removal from 
simulated dye bath effluent [32], removal of Methylene Blue [33] dispersed red dye [34], decolourization of Acid 
Yellow 23 solution [35], have all been accomplished by electrocoagulation techniques. It has also been successfully 
utilized in the removal of colour from tea effluent [36] and spent wash [37]. 
 
As versatile as electrocoagulation technique is, electrocoagulation of a mixture of dye and metal ion is rarely 
reported. Since color and metal ions have been removed by electrocoagulation techniques independently, it will be 
interesting to know which of them (dye or metal ion) will be preferentially removed or if both can be removed at the 
same time when direct current is applied. 



Victor N. Mkpenie and Iniobong V. Mkpenie               Der Chemica Sinica, 2015, 6(6):15-20  
_____________________________________________________________________________ 

16 
Pelagia Research Library 

In this paper, we report electrocoagulation of a mixture of metal ion, Fe(II), Fe(III) Cu(II) and azo-2-naphthol dye in 
aqueous ethanol using aluminium electrodes. 
 

MATERIALS AND METHODS 
 

General 
All chemicals used were of analytical grade. The dye, 1-phenylazo-2-naphthol (PAN) was obtained from our 
previous work [38]. Aluminium plates were purchased locally. Direct current was sustained by a GW Instek DC 
power supply. Absorbance was measured from a UV-Visible spectrophotometer (UV-780c). 
 
Preparation of sample solutions for electrocoagulation 
The initial concentration of dye used for the electrocoagulation was 0.01, 0.1 and 1.0 % (w/v) respectively. The 
metal ion concentration was fixed at 0.01 % (w/v). The various metal ions used for this study were Fe2+, Fe3+ and 
Cu2+. The dye and the metal ion were dissolved in aqueous ethanol (50 %). The dye-metal ion solutions were 
scanned through 200-800 nm wave length using UV-Visible spectrophotometer to obtain the wavelength of 
maximum absorption, λmax for each metal ion. The λmax obtained were as follows: dye-Fe2+ solution: 450 nm; dye-
Fe3+ solution: 500 nm; dye-Cu2+ solution: 600 nm. 
 
Electrocoagulation procedures 
A pair of aluminum plates (12 x 4 cm) spaced 3 cm apart was immersed 5.5 cm into each sample solution (250 mL) 
contained in a 400 mL beaker. The solution was agitated throughout the experiment with a magnetic plate stirrer 
with Teflon bar rotating at a velocity of 500 rpm. Sodium chloride (0.5 g) was added as supporting electrolyte. 
Direct current (0.3 A, 24 V) was passed through the solution via the two aluminium electrodes. The absorbance of 
the dye-metal ion solution, before and during the electrocoagulation process was measured by a UV-Visible 
spectrophotometer. At 15 minutes interval over a 2 hour period of electrolysis, 4 mL aliquot of the solution was 
withdrawn, centrifuged and the absorbance of the supernatant solution was measured at the wavelength 
corresponding to the absorption maximum for the dye-metal ion solution. The data obtained were used to construct 
electrocoagulation curves.  
 

RESULTS AND DISCUSSION 
 

The structure of 1-phenylazo-2-naphthol (PAN) dye is shown (1) 
 

1
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The removal of the colour of dye was monitored with time in the electrocoagulation of a mixture of dye and metal 
ion solution using aluminium electrodes. The plot of absorbance vs. time is shown in Figures 1-3 for the various 
metal ions at different initial dye concentration.  
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Fig. 1. Electrocoagulation curve for dye-Cu2+ solution at different initial dye concentrations 
 

. 
 

Fig. 2. Electrocoagulation curve for dye-Fe2+ solution at different initial dye concentrations 
 

The electrocoagulation curve obtained takes a similar pattern for the three metal ions studied. A wave-like pattern 
shows that either there was no effective electrocoagulation or the property monitored (dye colour) was not effective 
to resolve the electrocoagulation process or the presence of metal ion prevents electrocoagulation. Assuming that the 
presence of metal ion is responsible for inability to obtained the expected electrocoagulation curve with a well-
defined coagulation point, metal ion may affect the electrocoagulation process by either reacting with the coagulant 
and interfering with the adsorption process or forming complexes with the dye that prevent electrocoagulation. Since 
electrocoagulation has been successfully applied in the removal of metal ions in solution, including cadmium [39-
41], nickel and chromium [42],  cobalt [43], and lead [44] using aluminium electrodes, metal ion interference can be 
neglected. Also, the presence of hydroxide forming metal ions such as Fe2+ and Fe3+ in the dye solution would have 
resulted in a faster coagulation due to possible formation of more coagulants. Fe2+ and Fe3+ions have been known to 
combine with the OH- ions generated during the electrocoagulation process to form Fe(OH)2 and Fe(OH)3 which are 
also potential coagulants when iron electrodes are used [45]. The fact that electrocoagulation was not observed, let 

0

0.2

0.4

0.6

0.8

1

1.2

1.4

1.6

1.8

0 10 20 30 40 50 60 70 80 90 100 110 120

A
b

so
rb

a
n

ce

Time (min)

0.01 % (w/v) 0.1 % (w/v) 1.0 % (w/v)

0

0.5

1

1.5

2

2.5

3

0 10 20 30 40 50 60 70 80 90 100 110 120

A
b

so
rb

a
n

ce

Time (min)

0.01 % (w/v) 0.1 % (w/v) 1.0 % (w/v)



Victor N. Mkpenie and Iniobong V. Mkpenie               Der Chemica Sinica, 2015, 6(6):15-20  
_____________________________________________________________________________ 

18 
Pelagia Research Library 

alone accelerated by additional coagulants from the metal ions used, eliminates possibility of metal ion interference. 
The plausible explanation lies with the formation of complexes with the dye.  

 

. 
 

Fig. 3. Electrocoagulation curve for dye-Fe3+ solution at different initial dye concentrations 
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The position of the azo and hydroxyl groups is consistent with such observation and azo group has been known to 
possess excellent donor properties which enable them to be used in coordination chemistry [46].  
 
It therefore appears that the metal ions form complexes with the dye which makes the dye unable to be coagulated 
by the coagulant, Al(OH)3 generated in the electrocoagulation process. The dye-metal ion complex may be 
represented as shown (2). 
 
Since a similar electrocoagulation pattern was observed for all the dye-metal ion solutions and for all the initial 
concentrations of the dye, it therefore means that the three metal ion investigated behave alike in the dye solution. 
Therefore, complexation is implicated. 
 

CONCLUSION 
 

A solution containing azo-2-naphthol dye and metal ion including Fe2+, Fe3+ and Cu2+ respectively was subjected to 
electrocoagulation using aluminium electrodes. The dye-metal ion solution did not show significant 
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electrocoagulation for all the initial concentration of the dye studied. The metal ions appeared to have form 
complexes with the dye that prevented electrocoagulation process.  
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