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Abstract:  

The electrocoagulation (EC) process is an efficient and low-cost system for the purification of wastewater. 

The aim of this work was to investigate the efficiency of two types of aluminum (Al) electrodes (Al alloy and 

pure Al electrodes) for the treatment of synthetic semi-skimmed milk wastewater. Turbidity, chemical oxygen 

demand (COD), and concentration of Al species were monitored during the experiments. The effect of various 

parameters, such as current density and type and nature of the electrode were examined. The results showed that 

Al alloy electrodes exhibited a higher efficiency than pure Al electrodes. A quasi-total reduction of turbidity and 

a removal of approximately 58% of the COD were achieved within 24 min at pH 7 and a current density of 14.3 

mA.cm−2. It was also observed that the removal performance was not affected by the state of the electrode 

surfaces (polished) under the same operating conditions.  
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1. Introduction 

The dairy industry, like all agri-food industries, uses a great deal of water for the cleaning and 

manufacturing of everyday consumer products. However, a significant amount of this water is in the form of 

wastewater that is not reused and be the source of pollution of the receiving environment (river, sea) (Hazourli et 

al. 2007). The composition of dairy wastewater depends on the dairy products being processed and their derivatives 

and, consequently, the production processes implemented. Dairy wastewater commonly contains high 

concentrations of lactose, proteins, lipids, salts and minerals (Hamdani et al. 2004), resulting in high levels of 

biochemical oxygen demand, chemical oxygen demand (COD), total suspended solids and total dissolved solids 

(Hamdani et al. 2004; Tchamango et al. 2010). 

Several wastewater treatment processes are used in the dairy industry, including electrochemical treatment 

(Markou et al. 2017), membrane systems ( Andrade et al. 2014; Aydiner et al. 2014; Bennani et al. 2016; Bortoluzzi 

et al. 2017; Nagappan et al. 2018), aerobic and anaerobic biological processes (Demirel et al. 2005; Heaven et al. 

2011; Yahi et al. 2014; Karadag et al. 2015), coagulation–flocculation (Hamdani et al. 2004; Hazourli et al. 2007), 

electrocoagulation (EC) and electroflocculation (Şengil et özacar 2006; Aitbara et al. 2016; Benaissa et al. 2016; 

Melchiors et al. 2016), adsorption (Al-Jabari 2017), EC–electrooxidation coupling (Yavus et al. 2011; Torres-

Sánchez et al. 2014; Aitbara et al. 2017; Chakchouk et al. 2017) and EC–adsorption coupling (Eulmi et al. 2019). 

EC is a physico-chemical technique that involves dissolution of metals at the anode accompanied by a 

simultaneous formation of hydroxyl ions and hydrogen at the cathode (Mameri et al. 2001; Elabbas et al. 2016; 

Yavus et al. 2018; Changmai et al. 2019). The main factor that determines the performance of this process is the 

nature of the electrodes (aluminum [Al] or iron [Fe] plates). In the case of Al electrodes, the oxidation at the anode 

generates Al3+ ions, which hydrate and then react with water to form, as a function of pH, monocomplexes such 

as Al(OH)2
+, polycomplexes [Al2(OH)2

4+] and amorphous species with very low solubility (Murugananthan et al. 

2004). Fe electrodes have been reported to exhibit a higher efficiency than Al electrodes for the removal of organic 

pollutants, wherein an Fe electrode can produce 16 different Fe hydr(oxide) active species, such as FeOH2+, 

Fe(OH)2
+, Fe(OH)3, Fe(OH)2, Fe(OH)4

−, FeO(OH), Fe2(OH)2
4+ and Fe2(OH)4

2+, and an Fe electrode has no 

passivation layer accumulation (McBeath et al. 2020). However, the use of Fe leads to secondary pollution since 

the process leadis to colored solutions; hence Al electrodes are preferred. 

According to Jiang et al. (2002), the monomeric and polymeric species formed ultimately transform into 

Al hydroxide [Al(OH)3] by complex precipitation kinetics. The latter, when generated in the solution, can 
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eliminate pollutants either by surface complexation that chemically binds to the hydrated ion or by electrostatic 

attraction (Aoudjehane et al. 2010).   

EC is often used to treat wastewater in general, including industrial wastewater (Holt et al. 2002; Dolati et 

al. 2017; Hakizimana et al. 2017; Bilińskaa et al. 2019), natural waters (Liu et al. 2018), waters rich in phosphates 

(Hashim et al. 2019), waters rich in metallic pollutants (Doggaz et al. 2018), leachates (Dia et al. 2018), municipal 

wastewater (Nawarkar et al. 2019), among others. The major disadvantage of this technique is the energy 

requirement. However, a high electrical conductivity of the water to be treated and a small distance between 

electrodes can reduce the energy consumption of the process (Chen et al. 2002). 

The aim of the study reported here was to study the removal of organic matter (COD and turbidity) by the 

EC process using Al electrodes. The experiments were performed on water samples synthesized with powder milk. 

The batch tests of EC in closed mode and recirculation allowed us to determine the treatment efficiency with two 

types of electrodes (pure and alloy). The EC treatment performance was assessed for electrodes with a polished 

surface and those with an unpolished surface. The purity and surface appearance of the electrodes are important 

factors in EC due to possible negative effects on the efficiency and cost of the treatment (Mouedhen et al., 2008). 

It is possible that alloy electrodes in the EC cell are less expensive than pure ones, while compared to polished 

electrodes, the use of unpolished electrodes leads to the contamination of the wastewater with metallic and slats 

impurities due to the fast corrosion of the unpolished electrodes (Rudd and Scully 1980). 

2. Mechanism of the EC process using Al electrodes 

The EC treatment approach described here combines three main interrelated processes that work 

synergistically to eliminate pollutants: electrochemistry, coagulation and hydrodynamics (Torres-Sánchez et al. 

2014; Aitbara et al. 2016). The mechanisms of chemical coagulation have been widely studied and include 

trapping, adsorption, neutralization/destabilization of charges and complexation/precipitation (Aitbara et al. 2013; 

Sher et al. 2013). The mechanism of EC depends on the chemistry of the aqueous medium, including its 

conductivity and pH; particle size and concentrations of chemical constituents may also influence the process 

(Attour et al. 2014). 

Electrolytic dissolution of an Al anode produces monomeric species, such as Al3+ and Al(OH)2
+ at low pH, 

which at the appropriate pH values are transformed into Al(OH)3 and then polymerized to Aln(OH)3n according to 

the reactions described in Eqs. 1–8 (Murugananthan et al. 2004; Can et al. 2006):  

Al(s) → Al3+ (aq) +3é                (1) 



4 
 

2 H2O   →  4 H+ + O2 + 4é          (2) 

4 OH-     →   O2 + 2 H2O + 4é      (3) 

2 H+ + 2 é  →  H2                                    (4) 

2H2O + 2é → H2 (g) + 2OH−           (5) 

Al3+ + 3H2O → Al(OH)3 + 3H+      (6) 

n Al(OH)3    → Aln(OH)3n                 (7) 

4 Al + 3O2  → 2Al2O3                           (8) 

The dissolution of aluminum at the anode is modeled via Faraday’s law as follows: 

CAl = M.I.t
n.F.V

        (9) 

where CAl is the theoretical aluminum concentration in the reactor (g L−1); MAl is the molecular weight of aluminum 

(27 g mol−1); I is the current intensity applied (A); treact is the mean residence time in the reactor (s); n is the number 

of electrons involved in the dissolution reaction (n = 3 for aluminum); F is the Faraday constant (96,500 C mol−1); 

and Vreact is the reactor volume (2 L in the present case).  

 

Despite loss of electrode mass and flotation, cost is the main determining factor when weighing the options 

for the most suitable wastewater treatment process. In this context, the main operating cost of the EC system is 

related toenergy consumption which is calculated according to Eq. 10.  

E (KWh. m−3) =  
(𝐔𝐔𝐭𝐭 .  𝐈𝐈𝐭𝐭.  𝐭𝐭)

𝐕𝐕
                    (10) 

Where E is energy consumption (kWh/m3); Ut is total electrolysis voltage (V); It is total electrolysis current (A); t 

is electrolysis time (h); V is volume at the optimum time of electrolysis (m3). 

3. Materials and methods 

3.1. Dairy sample and electrode materials 

Synthetic dairy samples were prepared by dissolving 5 g of a commercial milk powder (semi-skimmed) in 

2 L of distilled water. The semi-skimmed milk powder comprised 31% proteins, 45% carbohydrates (primarily 

lactose), 14% lipids, 9% saturated fatty acids and 1% mineral salts. In the present study, two types of Al electrodes 

were used as anode and cathode, namely an Al alloy (duralumin) A-U4G (2017-Al) and “pure” Al electrodes 

(1050). The composition of the Al electrodes employed is summarized in Table 1.  

Table 1- Constituents of the aluminum electrodes. 
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Alloy electrode  Pure electrode 

chemical element Percentage (%) chemical element Percentage 

(%) 

Cu 4  Si 0.25  

Fe 0,7  Fe 0.4  

Mg 0,7  Cu 0.05  

Mn 0,7  Ti 0.05  

Si 0,5  Mn 0.05  

Zn 0,25  Zn 0.07  

3.2. Electrochemical reactor 

The experimental setup reactor used is schematically shown in Fig. 1. Experiments were carried out in a 

discontinuous system with closed recirculation using a peristaltic pump at a flow rate of 300 rpm. The EC cell 

consisted of two identical polymethacrylate halves (20 × 10 × 5 cm3). The Al electrode plates (15 × 7 × 1.2 cm3) 

were placed into the reactor, as described previously by Aitbara et al. (2017). A KCl solution of 0.75 g L−1 was 

used as supporting electrolyte. The electrode effective area was 105 cm2. The anode–cathode distance on the EC 

cell was 2 cm. 

The anode and the cathode were connected to a DC power supply (EA-PS 3065-10 B, UK) providing a 

current density up to 400 A m−2. The current was kept at a required value for each experiment. At the beginning 

of a run, the dairy solution (2 L) was fed into the reactor, following which the pH was adjusted to a desired value 

using 0.1 M HCl/NaOH and monitoring by a multi-parameter instrument (Consort C931, Turnhout, Belgium). The 

EC reaction was timed to start when the DC power supply was switched on. Samples for analyses (10 mL) were 

periodically taken from the reactor and then filtered using Whatman filter paper (Whatman plc, Maidstone, UK). 

After each experiment, the cell was cleaned and the electrodes were rinsed in the diluted HCl solution in order to 

remove the salt that had been formed at the anode surface.  

The dairy solution treatment was examined by measuring the turbidity and COD. The turbidity was 

determined using a turbidity meter (model GMBH 2100 N; Phywe Systeme GmbH & Co. KG, Göttingen, 

Germany. The COD analysis was conducted by the dichromate method, and subsequent optical density 

measurements were made on a Hach 2400 spectrophotometer (Hach Co., Loveland, CO, USA). The concentration 
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of generated Al ions was determined by an atomic absorption spectrophotometer (AAS spectrophotometer: thermo 

scientific iCE 3300, Germany). 

 

Figure 1- Schematic diagram of the electrocoagulation treatment. 

 

 

 

4. Results and discussion 

4.1. Effect of the current density on the EC process   

Current density is one of the most important operating parameters that affect the efficiency of the EC 

process (Kobya et Demirbas 2015; Xu et al. 2017).It can determine the hydroxide formation, the rate and the size 

of the bubbles produced at the electrodes, the mixing rate within EC and other redox processes (Aitbara et al. 2016; 

Aitbara et al. 2017; Bayar et al. 2011; Nasrullah et al. 2019). 

Holt et al. (2002) have reported that aluminum species are produced rapidly at high current densities, 

compared to coagulation system. Furthermore, Aitbara et al. (2016) have demonstrated that the density of bubbles 

increases, while their size decreases with increasing current density, resulting in rapid removal of the aluminum 

hydroxide from the solution by flotation and a lesser probability of collision between the pollutants and the 

coagulant. Additionally, the increase in the generation rate of H2 bubbles with the rise of current density is 

appreciated for the treatment of effluents by flotation (Kobya et al. 2006). 
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In preliminary experiments, five values of current densities in the range of 4.8 to 23.8 mA.cm-2 were applied 

for both types of electrodes (alloy and pure) at near neutral pH solution. The results are shown in Fig 2 and 3. 

The removal performance of the EC process was controlled at different current densities during 60 min of 

experience. It can be seen that the turbidity decreased over time for the five values of current densities (Figure 2). 

All applied current densities led to a decrease of turbidity with the fastest kinetics obtained after 24 min with alloy 

electrode and 28 min with pure electrodes at a current density of 14.3 mA.cm-2. 

As can be seen in Fig. 3, the highest reduction for COD was almost similar for pure and alloy electrodes, 

about 57% and 58-59% obtained for current densities above 4.8 mA.cm-2 obtained after nearly 20 min. However, 

it should be observed that irrespective of the current density applied, faster kinetics were observed using alloy 

electrodes; this higher efficiency of the alloy Al electrodes should be related to its higher dissolution. The presence 

of others metal elements facilitates the corrosion of Al electrode. For example, Cu-containing Al is known to be 

more prone to pitting corrosion than pure Al. While, the passive film formed in pure Al inhibits the efficiency of 

the removal process.. 

It can be noticed that the EC process is very efficient for lowering turbidity (remove of colloidal and 

suspended particles) by the formation of Al(OH)3, Aln(OH)3n and Al2O3 species. Nevertheless, COD decrease 

appears hard in the presence of Al(OH)3, Aln(OH)3n and Al2O3 species that cannot remove all dissolved particles 

in solution especially at low concentrations.  

At a current density of 14.3 mA.cm-2, the second step or stationary phase was reached after an 

electrocoagulation time of 24 min for turbidity and COD with alloy electrodes; while it was observed after 28 min 

for turbidity and 36 min for COD when the pure electrodes were implemented (Fig. 2 and 3). At this time, despite 

the continuous production of Al3+, the treatment efficiency was kept constant with reduction rate ~ 57 to 60 % for 

COD and ~ 99 % for turbidity.   

In the EC process, whether in the presence of aluminum or iron electrode, the passivation phenomenon is 

inevitable. In fact, in the presence of dioxygen from the air, the aluminum metal is oxidized to alumina: this oxide 

forms a protective layer. At the anode of the electrocoagulation cell, the aluminum reacts spontaneously in the 

presence of dioxygen and water to form an oxide layer of alumina according to the Eq. (11) 

2 Al(s)  + 3 H2O(l)   →    Al2O3(s) + 3 H2(g)   ………(11) 

However, despite the passivation with alumina oxide, the application of a sufficient potential difference 

releases Al3+ ions in solution, and then, due to the presence of chloride ion (from KCl) added to ensure the 

conduction in the solution to be treated, the corrosion takes place by pitting. Consequently, the chloride ions 
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weaken the successive layers of alumina that are more or less porous, leading to the inhibition of passivation 

(Mechelhoff et al. 2013; Llanos et al. 2014). 

 
Figure 2- Evolution of turbidity during electrocoagulation (EC) using aluminum (Al) alloy (a) and pure Al (b) 
electrodes., Flow rate = 300 rpm, temperature = 20°C, electrodes gap: 2 cm, initial pH: 7.16 - 7.21, electrolyte 

0.75 g.l-1 "KCl". 

 

 

Figure 3- Evolution of chemical oxygen demand (COD) during EC using Al alloy (a) and 
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pure Al (b) electrodes. Flow rate = 300 rpm, temperature = 20°C, electrodes gap: 2 cm, initial pH: 7.16 - 7.21, 
electrolyte 0.75 g.l-1 "KCl". 

 

 The results of the EC treatment are summarized in Table 2, including variable factors which allowed the 

determination of the energy consumption at different current densities for both electrodes. It was observed that 

increasing the currents density stabilized the reduction rate of turbidity in the studied sample. On the other hand, 

high energies were consumed at current density of 19.1 mA.cm-² and 23.8 mA.cm-². It appears that a current density 

of 14.3 mA.cm-² wastherefore a good compromise between energy consumption and efficiency for turbidity and 

COD reduction. Table 2 also confirmed that alloy electrodes are the most appropriate, since leading to a significantly 

lower energy consumption, for instance 3.18 and 4.17 kWh.m-3 for allow and aluminum electrodes, respectively. 

It is important to point out that the current density is directly related to the current intensity and the applied 

potential. The applied voltage together with the current density can affect directly the dissolution of the anode and 

the formation of aluminum hydroxides flocs. Therefore, this electrolytic oxidation can cause, according to Equation 

(6), the release of soluble aluminum, which can form the decantable aluminum hydroxides flocs in the solution. 

The production of Al3+ species is the key to carry out most of these reactions. The amount of Al3+ species increases 

usually with the increase of the applied potential, which leads to an efficient treatment of wastewater (Ziati et al. 

2018). 

The energy calculations which corresponded to the densities tested, show that the energy consumption 

increases with the increase of the current density due to the polarization of the electrode (Yasakau et al. 2017). 

(Table 2). In terms of alloy electrodes, it was found that the maximum values reached at the optimum treatment 

times were 11.593 KWh.m-3 for the removal of turbidity and 13.125 KWh.m-3 for COD. However, in terms of pure 

electrodes, the energies consumed for the removal of turbidity and COD were 10.235 kWh.m-3 and 18.467 kWh.m-

3, respectively. Based on these experiments, the obtained energy variations indicate that the current density or the 

potential applied affects significant the treatment efficiency. 

Table 2- Energy consumption at the optimal treatment time with different current densities 
 

    Turbidity COD 

Type of 

electrodes 

Density 

(mA/cm²) 

Current 

Intensity (A) 

Potential 

(V) 

Optimum 

time (min) 

 
Reduction rate 

(%) 

Energie 

(KWh.m-3) 

Optimum 

time (min) 

Reduction 
rate (%) 

Energie 

(KWh.m-3) 

 

 

4.8 0.5 4.1 40 98.46 0.676 60 50.89 1.025 

9.5 1.0 8.4 36 98.40 2.520 45 52.66 3.150 

14.3 1.5 10.6 24 98.42 3.180 24 57.52 3.180 
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Al Alloy 

electrodes 

19.1 2.0 13.8 28 98.05 6.348 24 51.84 5.520 

23.8 2.5 17.5 32 98.12 11.593 36 57.91 13.125 

 

Pure Al 

electrodes 

4.8 0.5 4.2 60 97.07 1.050 60 49.34 1.050 

9.5 1.0 8.5 45 98.70 3.187 55 59.89 3.867 

14.3 1.5 10.5 32 98.54 4.173 36 57.86 4.725 

19.1 2.0 13.8 28 98.08 6.348 32 59.94 7.314 

23.8 2.5 17.8 28 97.61 10.235 50 64.25 18.467 
 

4.2. Varying the pH and Al concentration during electrocoagulation process: 

The evolution of pH during the treatment process was followed for a period of 60 minutes, since it is among 

the major parameters influencing the effectiveness of treatment by EC.  

The results are shown in Table 3. We found that the pH of the medium at the end of the EC treatment was 

alkaline, ranging between 6.5 and 9, due to the formation of Al(OH)3 species. The presence of Al(OH)3 species is 

likely to occur at neutral pH (Mouedhen et al. 2008). The optimal current density is favorable to increases in the 

pH due the cathodic reduction (Eq. 5), while it is sufficient for the decantation of the formed flocs. A higher current 

density may lead to the formation of hydrogen and hydroxyls at the cathode, resulting in the flotation of a portion 

of the formed flocs (Rebhun and Lurie 1993; Yıldız et al. 2008). This evolution of pH towards alkaline values 

during the EC process was also observed by Farooq Sher et al. (2020) during the treatment of wastewater using Al 

and Fe electrodes.  

In terms of the Al formed by anodic dissolution, increases the current density increased the content of 

soluble Al3+ ions in solution, irregardless of the electrode type. Also the Al values found did not differ significantly 

between electrode types. This proportional relationship between current density and the formation of dissolved Al 

is firmly based on the Faraday law (Eq. 9). 

Table 3- Variations in pH values and aluminum concentration in water samples during the treatment process. 

  Alloy electrodes Pure electrodes 

Parameter 
Currents density 

mA/cm2 
Initial Final Initial Final 

pH 

4,8 7,16 8,98 7,17 9,17 

9,5 7,15 9,07 7,15 9,19 

14,3 7,16 9,13 7,18 9,23 

19,1 7,21 9,08 7,24 9,38 

23,8 7,21 9,12 7,23 9,39 
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Al (mg/L) 

4,8 - 102,26 - 93,08 

9,5 - 190,76 - 178,47 

14,3 - 376,25 - 341,96 

19,1 - 436,32 - 402,78 

23,8 - 502,48 - 465,59 

 

4.3. Effect of the state of the electrode surface on the ECprocess: unpolished and polished electrodes  

In order to assess the treatment efficiency of the EC process, the use of unpolished electrodes was assessed 

in five consecutive carried out with both the Al alloy and pure Al electrodes. The experimental conditions were: 

current density, 14.3 mA.cm-2, flow rate = 300 t/min, electrodes gap = 2 cm, electrolyte support KCl of 0.75 g.L-

1, initial pH between 7.12 and 7.23 at 20°C).  

Variations in turbidity and COD for the water samples treated using both types of electrodes are shown in 

Figs. 4 and 5. In both cases, the turbidity decreased considerably with increasing EC time in all the five tests (Fig. 

4). A total reduction (~ 99%) was observed at 24 and 32 min of reaction time with the Al alloy and pure Al 

electrodes, respectively.  

For COD (Fig. 5), the highest reduction values were obtained after 32 and 36 min with the pure Al and Al 

alloy electrodes: approximately 56 and 63%, respectively. Elabbas et al. (2016) reported that Al alloy electrode 

are the most effective means to remove COD and chromium from tanning waters. This difference in treatment 

efficiency between Al alloy and pure Al electrodes may be related to the composition of the electrodes, corrosion 

rate and the kinetics of floc formation during treatment. The electrode passivation phenomenon would also be 

related to this hypothesis. In addition, the formation of the metal oxide at the anode would be much more 

accentuated when pure Al electrode is used compared to the Al alloy electrode. 

The performance of treating wastewater samples by EC was also assessed using polished electrodes. To 

compare both types of electrodes (Al alloy and pure Al), all tests were performed under the same operating 

conditions as described above for unpolished electrodes. The time-course of turbidity and COD for the water 

samples using the two types of electrodes (pure Al and Al alloy) are shown in Figs. 6, 7. There was a similar 

decrease in turbidity and COD in the five consecutive tests regardless of the electrode used, thereby showing the 

reusability of the electrodes. 

Figure 6 shows that there was a total reduction of turbidity (approx. 99%) for both the Al alloy and pure Al 

polished electrodes, achieved after 28 and 32 min, respectively. COD removal from the solution reached about 
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60% after 40 min with the Al alloy polished electrodes and 53% after 36 min with the pure Al electrodes (Fig. 7), 

suggesting that polishing of the electrodes does not significantly influence the processing efficiency. 

 

Figure 4- Evolution of turbidity during EC using the Al alloy (a) and pure Al (b) electrodes (both unpolished 
electrodes). Current density 14.3 mA/cm2, flow rate = 300 t/min, temperature = 20°C, electrodes gap = 2 cm, 

initial free pH between 7.12 and 7.23, electrolyte support KCl 0.75 g.L-1. 

 



13 
 

Figure 5- Evolution of chemical oxygen demand (COD) during EC using the Al alloy (a) and pure Al (b) 

electrodes (both unpolished electrodes). Current density 14.3 mA/cm2, flow rate = 300 t/min, temperature = 20°C, 

electrodes gap = 2 cm, initial free pH between 7.12 and 7.23, electrolyte support KCl 0.75 g.L-1. 

 

 
Figure 6- Evolution of turbidity during EC during EC using the Al alloy (a) and pure Al (b) electrodes (both 

unpolished electrodes). Current density 14.3 mA/cm2, flow rate = 300 t/min, temperature = 20°C, electrodes gap 

= 2 cm, initial free pH between 7.11 and 7.22, electrolyte support KCl 0.75 g.l-1. 
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Figure 7- Evolution of COD during EC using the Al alloy (a) and pure Al (b) electrodes (both polished 

electrodes). Current density 14.3 mA/cm2, flow rate = 300 t/min, temperature = 20°C, electrodes gap = 2 cm, 

initial free pH between 7.11 and 7.22, electrolyte support KCl 0.75 g.l-1. 

 

4.4.Effect of the nature of electrodes on pH and aluminum concentration  

The effect of the state of the electrodes (unpolished or polished surface) was examined for the Al alloy and 

pure Al electrodes under of the following experimental conditions: initial pH of 7, current density of 14.3 mA cm−2 

and EC time of 60 min. In order to assess the variation of pH values as well as the amount of Al released in 

solution, we performed five consecutive tests on renewed wastewater samples. The results are summarized in 

Table 4.  

For both the Al alloy and pure Al electrodes, the variations in pH showed a similar trend when either 

unpolished or polished (Table 4), with an increase in pH in the tests, with the final pH values falling in the range 

8.9–9.3 for both electrode types. 

In terms of the dissolution of Al, the amount of Al decreased after each reuse of the unpolished electrodes, 

from 380.42 to 348.07 mg L−1 for the Al alloy electrodes and from 352.05 to 334.95 mg L−1 for the pure Al 
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electrodes. This decrease may be explained by the formation of a protective layer at the surface of the anode, which 

reduces the corrosion kinetics of the electrodes and the release of the Al3+ ions in solution that participate in the 

coagulation phenomenon (Cook 2005). In contrast, the amount of Al amount after each reuse did not show a clear 

trend for the polished electrodes (Table 4).  

Table 4- pH values and quantity of aluminium in treated wastewater. 

 Alloy electrodes Pure electrodes 

Paramètre Test number New Polished New Polished 

pH final 

1 8,96 8,89 9,30 9,17 

2 9,05 9,01 9,28 9,24 

3 9,09 8,96 9,31 9,16 

4 9,04 9,03 9,28 9,20 

5 9,11 9,07 9,21 9,27 

Al (mg/L) 

1 380,42 363,29 352,05 350,08 

2 379,71 368,02 347,84 357,73 

3 372,39 357,73 340,47 342,58 

4 364,85 373,66 339,62 340,61 

5 348,07 349,25 334,95 340,28 

5. Conclusions 

In this study, we investigated the elimination of organic matter from dairy water by the EC process. The 

results show that the Al alloy electrode was more efficient than the pure Al electrode for turbidity and COD 

removal. Using the Al alloy electrodes, the reduction in turbidity was quasi-total, while the reduction rate of COD 

was around 58% within 24 min at a current density of 14.3 mA cm–2. In addition, the Al alloy electrodes exhibited 

a faster reduction kinetics for turbidity and COD compared to that of the pure Al electrodes. On the other hand, 

the results indicated that the pH values and the amounts of Al released in solution varied with EC time during the 

treatment. The state of the electrode surface (unpolished and polished) did not affect the EC efficiency. These 

results lead us to conclude that the use of Al alloy electrodes for wastewater treatment by EC could be an efficient 

and economical method.  
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