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1. Introduction  

one of the major challenges facing mankind today is to pro-

vide clean water to a vast majority of the population around 
the world. The need for clean water is particularly critical in 
Third-World Countries. Rivers, canals, and other water-bodies 
are being constantly polluted due to indiscriminate discharge 
of industrial effluents Coincide with the recent concerns about 
pollution, industries become under great pressure to find in-
novative ways to comply with environmental regulations, 
electro-coagulation has been re-emerged as a viable technolo-
gy. In this paper, electro-coagulation industrial wastewater 
process applications were described. Electro-coagulation was 
first proposed by Vik et al. describing a sewage treatment 
plant in London built in 1889 where electrochemical treatment 
was employed via mixing the domestic wastewater with sa-
line (sea) water. In 1909, J.T. Harries received a patent for 
wastewater treatment by electrolysis using sacrificial alumin-
ium and iron anodes in the United States. Electrocoagulation 
(EC), the passing of electric current through water, has proven 
very effective in the removal of contaminants from water. 
Electrocoagulation systems have been in existence for many 
years (Dietrich, patented, 1906) using a variety of anode and 
cathode geometries, including plates, balls, fluidized bed 
spheres, wire mesh, rods and tubes. Electrocoagulation (EC) is 
an emerging technology that combines the functions and ad-
vantages of conventional coagulation, flotation, and electro-
chemistry in wastewater treatment. EC has been known for 
over a century. Aluminium/ iron-based electro-coagulation 
was patented in the US already in 1909. 
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2. General principles of the electro-coagulation process  

The electro coagulation process basically involves the dissolu-
tion of metal cations from the reactor anode with the simulta-
neous formation of hydroxyl ions and hydrogen gas at the 
cathode: 

M → M⁺ + ne⁻                - (1) 
2 H2O → OH⁻  + H2 (g)      - (2) 

A current is passed through a metal electrode, oxidising the 
metal(M) to its cation (M+) (Equation(1)).Simultaneously, wa-
ter is reduced to hydrogen gas and the hydroxyl ion (OH−)  
(Equation (2)). 

2.1 Electrocoagulation Process 

The (EC) technology includes coagulation and precipitation of 
contaminants by a direct current electrolytic process followed 
by the separation of flocculent (settling or flotation) with or 
without the addition of coagulation-inducing chemicals. The 
water is pumped through a unit which consists of pairs of 
metal sheets called electrodes, that are arranged in pairs of 
two anodes and cathode electrodes made of iron or alumini-
um are installed. A direct current electric field is applied to 
the electrodes to induce the electrochemical reactions needed 
to achieve the coagulation. Treated water is discharged from 
the system for reuse or disposal. When the cathode electrode 
makes contact with the wastewater, the metal is emitted into 
the apparatus.  
This process involves three successive stages:   
I. Formation of coagulants by electrolytic oxidation of the 
”sacrificial electrode” 
II. Destabilization of the contaminants, particulate sus-
pension and breaking of emulsions. 
III. Aggregation of the destabilized phase to form flocks. 
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Figure 1. Electocoagulation Setup 

2.2 Overview of Different Types of water and Wastewater 
Treated by Electrocoagulation: 

2.2.1 Pulp and Paper Industry: The pulp and paper industry, 
consuming large volumes of water in the preparation of feed 
material and in the overall production process. The most 
significant sources of pollution among various operation 
stages in pulp and paper industry pulping, wood debarking, 
pulp washing, pulp bleaching and paper making processes. 
Pulp and paper industry wastewaters are characterized by 
high levels of organic matter (e.g. COD and TOC), suspended 
solids and strong colour. Hence, researchers have focused on 
the effects on the treatment of pulp and paper industry 
wastewaters by electro coagulation. In these studies it has 
been reported that removal efficiencies in terms of COD, 
BOD5, turbidity and colour as well as phenol content were in-
creased with increasing current density to an optimum value; 
however, further increase did not show any significant im-
provement in treatment performance. 
In the study of Zaied and Bellakhal(2009) the highest current 
(16.7mA/cm2) produced the quickest treatment, with 80% 
COD reduction occurring after only 30min by using alumini-
um electrodes. Electrocoagulation was proposed as a suitable 
technology to meet standards of water discharge and, even 
better, as a treatment option for removal of turbidity by 
Terrazas et al. In their work, electro coagulation using alumin-
ium plate electrodes was evaluated in terms of turbidity re-
moval, and the effects of current density and cell voltage in 
the overall process were discussed.  

Vepsäläinen et al. (2011) studied the removal of dissolved 
sulphide and phosphorus in pulp and paper industry 
wastewater by electrocoagulation. According to their results, 
current density did not have a noticeable effect on the electric 
charge or iron concentration required per unit of sulphide 
precipitated. This is important when considering full-scale 
applications, where the required electrode surface area of the 
system depends on the current (A) and current density 
(mA/cm2) targets of the treatment. However, high current 
density increases the voltage and power consumption of the 
system, and consequently the operating cost of the electro-

coagulation process. In their study, current density did not 
show a significant effect on phosphorous removal rates at 
3.6mA/cm2, 7.1mA/cm2 and 10.7mA/cm2. However, current 
efficiency decreased slightly when current densities were 
14mA/cm2 and 17.9mA/cm2, and this was attributed to a fast-
er flotation and a shorter contact time between pollutants and 
the coagulants produced. 

The electro-coagulation process was proposed as a pre treat-
ment step for pulp and paper industry wastewaters by 
Soloman et al. (2009) In their study, the best operational con-
ditions giving maximum improvement in biodegradability of 
the effluent were determined using response surface method-
ology. Their study demonstrated that the biodegradability in-
dex was directly related to both electrolysis time and current 
density. There was a decrease in the resulting biodegradabil-
ity index after treatment duration of 6.9 min and current den-
sity of 11.29mA/cm2. At the early stage of treatment, long 
chain organic matter such as lignin was converted into lower 
molecular weight components that did not considerably re-
duce COD but increased BOD5, resulting in an increase in bi-
odegradability. The effect of current density on biodegradabil-
ity index was also explained as a result of the relative contri-
bution of the oxidation and coagulation mechanisms. At a 
higher current density, the optimal time for maximum bio-
degradability index was expected to be reached at the early 
stages of electro-coagulation. In the investigation, the oxida-
tion and coagulation mechanisms started attacking the more 
easily degradable part at 11.29mA/cm2 when compared with 
lower current density values, which may result in a decrease 
in the biodegradability index.  

Parama Kalyani et al. (2009) concluded that the COD and 
colour removals were higher in the case of a mild steel anode 
than the aluminum anode for the same operating conditions. 
Katal and Pahlavanzadeh recommended effective electrode 
combinations for removal efficiencies in treating pulp and 
paper industry wastewater in the following order: (i) alumi-
num–aluminum electrode combination for removing color; 
(ii) iron–iron electrode combination for removing COD and 
phenol; and (iii) aluminum– iron or iron–aluminum electrode 
combination for removing colour, COD and phenol at high ef-
ficiencies. Ugurlu et al. concluded that formation of the coag-
ulant depends on the structures of the contaminants, thus on 
the ability of contaminant molecules to be adsorbed on hy-
drolysis products or flocs. In their study, it was observed that 
experiments carried out at 12V, treatment time of 2 min and a 
current intensity of 77.13 mA were sufficient for the removal 
of lignin, phenol, BOD5 and COD with aluminum and iron 
electrodes. The removal capacities of the process using an 
aluminum electrode were 80% of lignin, 98% of phenol, 70% 
of BOD₅ and 75% of COD after 7.5 min. By using iron elec-
trodes the removal capacities were found to be 92%, 93%, 80% 
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and 55%, respectively. 

Zodi et al. (2011) for COD and arsenic removal. In their study, 
the maximum COD removal at 10 and 15mA/cm2 were 47% 
and 68%, respectively, with aluminum electrodes, and 32% 
and 41%, respectively, with iron electrodes. In their study, 
more than 91.5% of arsenic was removed with aluminum elec-
trodes at 10mA/cm2. Arsenic removal efficiency reached 86% 
and 88% at 10 and 15mA/cm2, respectively, when iron elec-
trodes were used. 

2.2.2 Oily Wastewater: Oily wastewaters with greatly varying 
compositions and very high pollutant levels are generated by 
various sources, such as petroleum refineries, discharge of 
bilge and ballast water, workshops, petrol stations, rolling 
mills, restaurants, edible oil and soap factories, as well as oth-
er general industrial sources. Oil-in-water can be found as 
free-floating oil, as an unstable oil/water emulsion, and also as 
a highly stable oil/water emulsion, which are all difficult to 
treat. Table 1 presents a summary of recent applications of 
electro-coagulation in the treatment of oily industry 
wastewater. 

Table 1 
Applications of EC in the treatment of oily industry 

wastewater 

 
2.2.3. Surface Water and Other Natural Water 

Table 2 presents a summary of recent applications of EC in the 

treatment of surface water and other natural water. 

Table 2 
Applications of EC in the treatment of Surface Water and 

Other Natural Water 

 
 
2.2.4. Other Types of Industrial Wastewater: 

Table 3 presents a summary of recent applications of EC in the 
treatment of other types of industrial wastewater 
 
 
 

Table 3 
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Applications of EC in the treatment of Other Types of       
Industrial Wastewater 

 
2.2.5. Heavy metals: 

The central focus of a study by Al Aji et al. (2012) in which 
the authors found that the removal of copper (Cu), nickel (Ni), 
zinc (Zn) and manganese (Mn) from a model wastewater. The 
influences of current density (from 2 to 25 mA/cm2), initial 
metal concentration (from 50 to 250 mg/L) and initial pH (3, 
5.68, 8.95) on removal efficiency were explored in a batch 
stirred cell to determine the best experimental conditions.The 
results indicated that EC was efficient to remove heavy metals 
from the model wastewater having an initial concentration of 
250 mg/L for each metal under the best experimental condi-
tions. According to initial pH results, high pH values are 
more suitable for metal removal with EC treatment. At the 
current density of 25 mA/cm2 with a total energy consump-
tion of 49 kWh/m3, more than 96% removal value was 
achieved for all studied metals except Mn which was 72.6%. 
Zhao et al. (2010) reported a new and convenient synthetic 
procedure to obtain the effects of Ca2+ andMg2+. The mecha-
nisms and behavior of EC defluoridation in Ca2+containing 
systems were different from those in Mg2+ containing systems. 
An increase in Ca2+concentration improved the defluoridation 
efficiency (εF), but it could not change the optimal molar ratio 
of OH- and F-to Al3+ (rOH+F). The highest εF can usually be 
obtained at (rOH+F) = 3 for defluoridation. Only a small por-
tion of Ca2+ entered into the flocs, and Ca2+ could not influence 
the mechanism of EC defluoridation. 

 
For the Mg2+ containing system, the optimal (rOH+F) in-
creased with increasing Mg2+concentration The optimal 
(rOH+F) was maintained at 3 after theMg2+concentration was 
corrected using the obtained correction coefficient of 0.3435. 
About 50% to 70% of the total Mg2+ entered into the flocs. 
From the XRD analysis, it was found that some Mg-Al-F lay-
ered double hydroxides (LDHs) were formed by Mg2+, F-, and 
Al3+ during electrolysis 

Martins et al. (2012) stated that the removal of metal ions 
from      synthetic aqueous effluents using a spouted bed elec-
trochemical reactor whose cathode was composed of 1.0mm 
copper particles. Using a Box–Behnken factorial design, the 
effects of current (I), electrode thickness (L), draught distance 
(d) and support electrolyte concentration (Cs) on current effi-
ciency (CE), space-time yield (Y) and energy consumption 
(EC) were analyzed. The results were statistically analysed 
and the effect of each variable was evaluated using the surface 
response methodology. The results showed that Cs is the most 
important variable to consider in the optimization process. A 
current of 8.0A can be applied in order to obtain high Y and 
CE with an acceptable EC. Electrode thicknesses greater than 
1.3 cm are not recommended because the irregular potential 
distribution leads to a Y drop owing to the low CE observed 
for this condition. The draught distance does not have statisti-
cal significance; therefore, the particle circulation rate is not 
important in this kind of electrochemical reactor. 
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In another major study Shafaei et al. (2010) found that elec-
trocoagulation was capable of removing Mn2+ ions with alu-
minium electrodes under an optimum pH of 7.0 factors. The 
authors concluded that the density and electrolysis time, 
along with initial concentration were capable of determining 
successful removal rates.  

A small-scale study by Petsriprasit et al. (2010) reaches differ-
ent conclusions, finding that Cu, Cr, Pb, and Zn from billet 
industry wastewater was capable of being removed by 99%, 
where it was found that density current is 98 A/m2, pH of 5, 
and 30 minutes electrolysis time. It was noticed that within 
120 minutes, pH of 3, and flow rate of 55 mL/min could obtain 
similar values.   

3. Conclusion 

This paper has given a review of the successfully EC applica-
tion, for the removal of specific problematic factors (such as 
colour, recalcitrance and toxicity) that cannot be removed ef-
fectively via conventional treatment methods. However, this 
paper has argued that the full potential of the EC technique as 
a water and wastewater treatment alternative is yet to be fully 
realized. However, a number of possible future studies using 
the same experimental setup are apparent. For optimal per-
formance and future progress in the application of this inno-
vative technology considerably more work will need to be 
done in better reactor design, understanding and process con-
trol has to be provided. This technology will continue to make 
inroads into the wastewater treatment arena because of the 
numerous advantages and the nature of the changing strate-
gic wastewater needs in the world.  EC has great potential in 
purification of various types of water and wastewater and 
seems to be a feasible and economical alternative in this field, 
although more research is needed, especially using larger-
scale and/or continuous systems and focusing on the funda-
mentals of the EC process.  
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