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Abstract
Electrocoagulation (EC) treatment of oily and soap industrial wastewater was studied in this paper. Operating parameters
such as operating time, medium pH, voltage density, and electrode material and chemical oxygen demand (COD) are
being investigated in oil and soap removal efficiencies. The maximum efficiency of COD removal is achieved using
aluminum electrodes was 96.92%. The performance of EC using aluminum as the electrode exhibited better COD and
oil-grease (O&G) removal than the iron electrode. EC is an extremely promising industrial wastewater treatment
technique because it is simple, economic and less sludge production technology, especially for oil and soap wastewater.
The optimum conditions to achieve high COD removal efficiency of about 96.92% in 30 min was found to be in using
initial pH value range 2–3, and a voltage of 20 volts.
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1. Introduction
The industrial growth combined with improvements in the processes of production has led to increased environmental
wastewater volume and complexity. Many of the conventional methods have been changed and improved to prevent
different chemicals from being released by industrial wastewater to drainage. Industrial effluents may also contain toxic
contaminants to be reduced or eliminated to protect their production systems, the environment, public health, and
treatment plants [1].
The major problems in discharges for industrial wastewater can be summed up as hydraulic overloads, extremes of
temperature, excessive amounts of oil, fat, or grease; alkaline or acidic constituents; inorganic or organic suspended
solids contents, volatile, odorous or flammable and explosive materials or corrosive gases. Recently, the use of
electrochemical methods for extracting phosphate has been showing increasing interest [2,3] and boron [5] from water,
arsenate [4], heavy metals [11,5,6,7,12] destroying harmful and bio-refractory organic contaminants which mostly
industrial wastewater [10,15,17,13,14,25]. These methods use electrons for heterogeneous reactions as their main
reagent. In the case of ionic components in industrial wastewater, a dissolved electrolyte is needed to raise ionic
conductivity. The main benefit of this method is that temperature is not regulated as it depends on the room temperature.
Electrochemical procedures are economical, working, eco-friendly, easy, and quick. Besides this pure water is suitable
for drinking, colorless, odorless, and clear with low sludge production. Chances are that any secondary pollution will be
zero through this technique [15].
Electro-chemical processes, such as electric reduction, electro flocculation, and direct electro-oxidation, electrical
coagulation, electric flotation, and indirect electro-oxidation is known as electro-Fenton are techniques used for
wastewater treatment. EC is a separation technique [34,35] involving both physical and chemical processes for the
elimination of contaminants. [36,37] This method primarily destabilizes suspended, dissolved, or emulsified pollutants in
the aqueous medium through supplying electricity. On-site EC is used by the iron or aluminum rod or both oxidized by
the current applied. Simultaneously. The development of cathode hydrogen gas also helps to remove pollutants via
flotation. For the destabilization, coagulation, and adsorption of dissolved toxins, a system is set up of hydroxides and
coagulants. [8, 18]. Three steps are followed in the EC process [26].
a. Electrolytic oxidation of surface formation of coagulants.
b. Destability of contaminants, suspension of particulates, and the breakup of emulsions.
c. Formation of the flocs by collecting the disturbed particles. This provides the benefits of electrocoagulation because it
is relatively cheap, high particle removal effective and does not need chemicals to be applied and output sludge volumes
reduced. [15, 9]
Oxidation – Reduction of electrochemical cell reactions are as follows:
In the case of aluminum:
Anodic (oxidation) reactions:
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AL(s ) → AL+(aq3 ) + 3e −

(1)

Cathode:

3H 2O + 3e − → (3 / 2)H 2( g ) + 3OH −

(2)

Al 3 + 3H 2O → Al (OH )3 + 3H +

(3)

The freshly formed amorphous

Al (OH )3(S ) flocs have a wide surface area. Areas that are useful for the accelerated

absorption of soluble organic compounds and the trapping of colloidal particles. These flocs, eventually, easily separated
from the aqueous medium by sedimentation or flotation.
The objective of this study is to investigate the performance of electrocoagulation (EC) for the removal of oil and soap
generated by industrial wastewater approximately 750 m3 of wastewater per day and also the Effects on operating
variables including electrodes, working time, voltage density, electrode size, and initial pH; efficiency; will be studied
and debated to determine the optimal methods for removal.
2. Materials and Methods
Industrial samples of wastewater were obtained from an exhaust oil-soap mixed tank solution at an oil and soap factory
located at EL-Dakahlia Governorate, Egypt. Production of the composition of the wastewater is shown in Table 1. For
further studies before using industrial wastewater, a screen filter was used to remove large suspended solids.
Table1: Characteristics of wastewater used

Parameter
Chemical

oxygen

Value
demand

(COD) (mg/L)
Total suspended solids (TSS)
(mg/l)
Conductivity (S/cm)

19750 ± 487.92

2753 ± 139.69
3800 ± 181.40

pH value

11.5 ± 0.45

Oil & Grease (mg/L)

978 ± 38.96

2.1. Setup of Experimental
The instrument of experimental is shown in Figure 1. EC is composed of a beaker of glass with the magnetic tumbling
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electrochemical reactor, a D.C power supply (VARIABLE AUTO TRANSFORMER 25-volt, 6 Ampere). Two electrodes
of the aluminum cathode and anode with dimensions of (4 cm × 14 cm × 0.1 cm). Each electrode plate's submerged
surface area was 40 cm2. They were positioned upright and submerged in a 500 ml solution. The distance of 2 cm
between the electrodes (d). The electrodes were attached to an ammeter (PHYWE) and a voltmeter (G1002-500) digital
DC power supply. Were used during the EC process to monitor current and voltage.

Figure 1: Experimental setup schematic diagram: (1) DC power supply (2) electrode cell
Before each stage, the electrodes were washed with acetone to eliminate any surface fat. Impurities were collected from
iron or aluminum surfaces in a solution that is prepared for 6 minutes in combination with a 100 cm3 (HCL) solution.
During run time, COD and O&G were measured for 30 minutes and every 5 minutes at a constant temperature of 25 °C.
It was washed well with water to remove any solid waste that has accumulated on the surfaces, dry it well, and measure it
again.
2.2. Analytical procedures
The determinations of COD, oil-grease, Conductivity, pH, and TDS as suggested in Standard Methods for Examining
Water and Wastewater were carried out [27]. COD reactor and spectrophotometer read directly (HI839800) were used to
measure the COD. Hexane extraction of oil-grease was estimated. THE EXTECH341350A automated benchtop pHmeter and Lutron CD. The COD removal M210 model-level meter respectively has been calibrated for pH and
conductivity with the desired value by [NaOH] or H2SO4 and sodium chloride [NaCl]. The COD removal efficiency was
determined as:

RE COD (%) =

COD 0 − CODt
100%
COD 0

(4)

−1

−1

Where COD 0 is the initial amount of COD ( mgL ) and CODt is amount of COD ( mgL ) at the specific time.

2.3. Experimental work
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The impact of the operating condition on EC performance was first investigated by changing the pH value from 2 to 11.
Then the voltage changed from 5 to 25 volts and TDS from 3000 to 5000mg/l .The COD and O&G were measured every
5 minutes for 30minutes. The Sequential phases of the Electrocoagulation process are shown in Figure 2.

Figure 2: Summary of experimental work of Electrocoagulation process
3. Results and Discussion
3.1. Effect of electrolysis time on COD removal efficiency
The current density is maintained at 142.9 A / m2 and the pH value of industrial wastewater adjusted to 3 to assess the
effect of operating time. As shown in Figure 3, the removal of COD increases from 46.84% to 96.30% for aluminum by
increasing the time from 5 to 30 minutes.
The removal of oil and grease, on the other hand, reached about 94.06% in 30 minutes. That's related to the efficiency of
COD removal depends directly on the metal ion rates produced on the electrodes When the electrolysis period increases,
the concentration of metal ions and their hydroxide flocs increases [29,30].
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Figure 3: Effect of electrolysis time on the efficiency of COD removal; sodium chloride [NaCl] = 2 mole/l;
initial pH value =3; current density=142.9 A/m2 initial COD concentration=19750 mg/l.
3.2. Effect of voltage density on the removal efficiency of COD
One of the best control parameters in all electrocoagulation processes for the reaction rate is the voltage density. Figures.
(4.1) and (4.2) reflect the voltage density effect for aluminum electrode materials on COD and O&G removal
efficiencies, with 30 minutes operating time and pH value=3. In general, for aluminum electrode materials, greater
voltage density is in favor of removal efficiency. Furthermore, higher than 20 volts, the performance of COD removal
reaches a maximum of 96.3% value. Higher efficiencies are reached in the case of oil and grease removal of 94.06%.
This is because, at a high rate, aluminum oxidation rises, which contributes to a higher precipitate standard for pollutant
removal. Moreover, bubbles were seen to raise the density and decrease in size with a rising current density [31, 32],
resulting in improved upstream flux and faster pollute and sludge flotation elimination.
In the meantime, greater voltage densities above 20 volts are not economically beneficial.

Figure 4.1: Effect of the voltage and electrolysis time on the efficiency of the COD removal: Initial COD concentration
= 19750 mg/L, initial pH value=11.79 before adding sodium chloride [NaCl] to be pH value=3
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Figure 4-2: Voltage density effect on COD removal efficiency; [NaCl] = 2 mole/l; initial pH value =3;
electrolysis time 30 min; initial COD concentration=19750 mg/l.
3.3. Initial pH effect on COD removal efficiency:
The pH is important and essential to the success of EC. The initial pH was modified at 2 to 11 intervals to analyze the
effects of the pH of the solution on COD and O&G removal. The pH effect on electrocoagulation is shown in Figure (51), Figure (5-2). The results indicate that the COD removal efficiency was optimal with the maximum pH in solutions of
between 2 and 5 at pH value 2. There has been a substantial decline in the efficiency of COD removal in acidic and
simple regions, for pH 9 and pH 11 respectively.
The highest removal efficiency was reported across pH value ranges from (2-5). The wide area of

Al (OH )3(s ) flocs is

ideal for colloidal particulate trapping and heavy organic soluble adsorption [20 ]. It has been established [19] Al

3+

and

Al (OH ) 2+ cationic soluble species are prevalent between 2 and 3 at low pH levels. Also, Different species of
monomers and polymers are formed in pH ranges 4 and 9, using complex polymerization/precipitation kinetics, which
are then transformed into insoluble amorphous

Al (OH )3(s) [20]. Therefore, The soluble concentration of

Al (OH ) 4− anion has increased to Al (OH )3(s ) where the pH is greater than 9.according to the reaction:

Al (OH )3(s ) + OH − → Al (OH )4−

(5)

Besides, As shown in Figure(6), an activity-pH diagram in equilibrium
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Figure 5-1: Initial pH effect and electrolyse time on the efficiency of COD removal: Initial COD concentration
=19750 mg/l, volume of solution=500 mg/l, applied voltage=15 V

Figure 5-2: The initial pH effect on the efficiency of removal of COD; [NaCl] = 2 mole /l; current density=142.9 A /m2;
time for electrolysis=30 min; initial concentration of COD=19750 mg /l
3.4. Inter-electrode gap effect on the efficiency of COD removal
Figure 6. Shows the Effect of the distance between electrodes on pollutant removal efficiency. It is stated that the
production of EC efficiency depends on electrode setup, contaminant nature, process Dynamic conditions, etc. as a
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function of the interelectrode distance [18,21,22]. The effect of inter-electrode distance between 0.5 and 4.5 cm is
investigated in our research. By reducing the gap between the electrodes, the best removal values are obtained, color
removal increases slightly. The removal values increased from 90.89 % to 98.15 %, respectively, from 0.5 to 1.5 cm. An
increase in the gap of electrons also led to a less effective removal. From the 4.5 cm gap between the electrodes, we
obtain the lowest removal value of 70.10%. These findings agree with the results found in the Modirshahla et al report.
[21]. Once the inter-electrode gap increases less electrode attachment, the movement of the produced aluminum polymers
is slower and tends to be aggregated in flocs.

Figure 6: Effect on the efficiency of removal of COD by Interelectrode Distance: initial pH value= 3; current density=
142.9 A /m2; initial Concentration of COD=19750 mg /l; [NaCl] = 2 mole /l; time of electrolysis= 30 min.
3.5. Effect of electrode type on COD removal
As shown in Figure 7, that (Al) electrode was better than iron and a mix of aluminum and iron electrodes. The percentage
of COD removal was more than 94.94% after about 30 min. The degradation of iron is one of the main problems when
using iron. It is commonly noted that pH increases during an electrochemical process because the process leads to the
formation of metal hydroxide according to previous equations [23]. Some researchers have stated that current density can
influence electrochemical process treatment efficiency [24]. Three current densities have been used to analyze its impact.
By using aluminum electrodes and for initial COD concentration of 19750 mg/l. After 30 min, the COD and O&G
removal efficiencies improved from 47.54 % to 94.94 % and from 82.65 % to 90.20 % by increasing the voltage from 5
volts to 15 volts. When the applied voltage density was increased from 15 volt to 25 volts, the COD and O&G removal
efficiencies improved from 94.94 % to 97.16 % and from 90.20% to 94.59 % using aluminum electrodes [33].
Electrocoagulation on aluminum surfaces has been greatly improved relative to stainless steel electrodes. This is
attributed to the creation in situ of scattered aluminum – hydroxide complexes by aluminum ion hydrolysis, which is not
present when electrodes are used.

69

American Scientific Research Journal for Engineering, Technology, and Sciences [ASRJETS) [2021) Volume 78, No 1, pp 61-72

Figure.7: COD % removal with [(Al-Al), (Al-Fe), (Fe-Fe)] electrodes at constant voltage 15 Volt+1.1ampere and pH
value=3 initial COD concentration=19750 mg/l; time of electrolysis=30 min.
4. Conclusions
It is demonstrated that EC is a sustainable tool for the treatment of industrial oil and soap wastewater. EC was identified
as an effective technique for treatment and can be used for achieving high performance of COD and O&G removal. EC
can act as primary treatment before the biological system. The COD and O&G removal efficiencies of the EC process
using Aluminum electrodes are above 90%. The result shows that the optimal predicted conditions based on the highest
removal eﬃciency for the COD and O&G were at a current density of 142.9 A m−2 and an EC time of 30 min and initial
pH value in the range of 2 to 5. It’s found that the optimal COD and O&G removal efficiency after 30 min was 94.94%
and 90.20% respectively at 15volt using (Al/Al) system. The Aluminum electrode was much stronger than the Iron
electrode and a mix of aluminum and the iron electrodes in reducing the COD. Increasing voltage density increase the
removal efficiency of COD and O&G and increasing applied voltage decreases the operating time required for the
removal.
References
[1] Araújo, C.V.M., Nascimento, R.B., Oliveira, C.A., Strotmann, U.J., Da Silva, E.M., 2005.The use of Microtox®
to assess toxicity removal of industrial effluents from the industrial district of Camaçari (BA, Brazil). Chemosphere
58, 1277-1281. 9.
[2] Vasudevan, S., Lakshmi, J., 2012. Electrochemical removal of boron from water: adsorption and
thermodynamic studies. Can. J. Chem. Eng. 90, 1017-1026
[3] Vasudevan, S., Lakshmi, J., Jayaraj, J., Sozhan, G., 2009.Remediation of phosphate contaminated water by
electrocoagulation with aluminium, aluminium alloy and mild steel anodes. J. Hazard. Mater .164, 1480-1486

70

American Scientific Research Journal for Engineering, Technology, and Sciences [ASRJETS) [2021) Volume 78, No 1, pp 61-72

[4] Vasudevan, S., Lakshmi, J., Sozhan, G., 2010. Studies relating to removal of arsenate by electrochemical
coagulation: optimization, kinetics, coagulant characterization. Separ. Sci. Technol. 45, 1313-1325. A. Ferreira et al.,
“Combining biotechnology with circular
[5] Vasudevan, S., Lakshmi, J., Sozhan, G., 2012a.Optimization of electrocoagulation process for the simultaneous
removal of mercury, lead, and nickel from contaminated water. Environ. Sci. Pollut. R19, 2734-2744.
[6] Koparal, A.S., Yavuz, Y., Gurel, C., Ogutveren, U.B., 2007. Electrochemical degradation and toxicity reduction
of C.I. Basic Red 29 solution and textile wastewater by using diamond anode. J. Hazard Mater. 145, 100-108
[7] Vasudevan, S., Lakshmi, J., Sozhan, G., 2012b. Electrocoagulation studies on the removal of copper from water
using mild steel electrode. Water Environ. Res. 84, 209-219.
[8] Vasudevan, S., Oturan, M.A., 2014. Electrochemistry: as cause and cure in water pollution e an overview.
Environ. Chem. Lett. 12, 97-108.
[9] Vasudevan, S., Sozhan, G., Ravichandran, S., Jayaraj, J., Lakshmi, J., Sheela, S.M., 2008. Studies on the
removal of phosphate from drinking water by electrocoagulation process.Ind. Eng. Chem. Res. 47, 2018-2023.
[10] Allen, S.J., Kader, K.Y.H., Bino, M., 1995.Electrooxidation of dyestuffs in wastewaters. J. Chem.Technol. Biot
62, 111e117.
[11] Al Aji, B., Yavuz, Y., Koparal, A.S., 2012.Electrocoagulation of heavy metals containing model wastewater
using monopolar iron electrodes. Sep. Purif. Technol. 86, 248-254.
[12] Mansoorian, H.J., Rajabizadeh, A., Bazrafshan, E., Mahvi, A.H., 2012.Practical assessment of
electrocoagulation process in removing nickel metal from aqueous solutions using iron-rod electrodes. Desalin Water.
Treat. 44, 29-35.
[13] Davarnejad, R., Sahraei, A., 2016. Industrial wastewater treatment using an electrochemical technique: an
optimized process. Desalin Water. Treat 57, 9622-9634.
[14] Ghatak, H.R., 2013.Electrochemical treatment of hazardous organic pollutants - a status review. J. Energy.
Technol. Policy 3, 84-89.
[15] Bazrafshan, E., Mohammadi, L., Ansari-Moghaddam, A., Mahvi, A.H., 2015.Heavy metals removal from
aqueous environments by electrocoagulation process- a systematic review. J. Environ. Health. Sci. 13, 1-16.
[16] Mollah, M.Y.A., Schennach, R., Parga, J.R., Cocke, D.L., 2001. Electrocoagulation (EC) - science and
applications. J. Hazard Mater. B84, 29-41.
[17] Bazrafshan, E., Mohammadi, L., Ansari-Moghaddam, A., Mahvi, A.H., 2015.Heavy metals removal from
aqueous environments by electrocoagulation process- a systematic review. J. Environ. Health. Sci. 13, 1-16
[18] N. Daneshvar, H. Ashassi-Sorkhabi, A. Tizpar, Decolorization of orange II by electrocoagulation method, Sep.
Purif. Technol. 31 (2003) 153–162
[19] A.H. Essadki, M. Bennajah, B. Gourich, Ch. Vial, M. Azzi, H. Delmas, Electrocoagulation/electroflotation in an
external-loop airlift reactor—application to the decolorization of textile dye wastewater: a case study, Chem. Eng.
Process. 47 (2008) 1211–1223.
[20] M. Bayramoglu, M. Kobya, O.T. Can, M. Sozbir, Operating cost analysis of electrocoagulation of textile dye
wastewater, Sep. Purif. Technol. 37 (2004) 117–125.\
[21] N. Modirshahla, M.A. Behnajady, S. Mohammadi-Aghdam, Investigation of the effect of different electrodes
and their connections on the removal efficiency of 4-nitrophenol from aqueous solution by electrocoagulation, J.
Hazard. Mater. 154 (2008) 778–786

71

American Scientific Research Journal for Engineering, Technology, and Sciences [ASRJETS) [2021) Volume 78, No 1, pp 61-72

[22]
N. Modirshahla, M.A. Behnajady, S. Kooshaiian, Investigation of the effect of different electrode
connections on the removal efficiency of Tartrazine from aqueous solutions by electrocoagulation, Dyes Pigments 74
(2007) 249– 257
[23] Serkan B., Yalçın Ş., Alper E., Şahset I. (2011), "The effect of stirring speed and current density on removal
efficiency of poultry slaughterhouse wastewater by electrocoagulation method." Desalination 280 (2011) 103–107
[24] Maha P., Sivashanmugam P. (2013), "Treatment of oil tanning effluent by electrocoagulation: Influence of
ultrasound and hybrid electrode on COD removal." Separation and Purification Technology 116 (2013) 378–384.
[26]
Koparal, A.S., Yavuz, Y., Gurel, C., Ogutveren, U.B., 2007. Electrochemical degradation and toxicity
reduction of C.I. Basic Red 29 solution and textile wastewater by using diamond anode. J. Hazard Mater. 145, 100108
[27] Joseph, N.T., Chigozie, U.F., 2014. Effective decolorization of eriochrome black T, furschin basic and malachite
green dyes from synthetic wastewater by electrocoag-nanofiltration. Chem. Proc. Eng. Res.21, 98e106.
[28] American Public Health Association (APHA), Standard Methods for Examination of Water and Wastewater,
17th ed., Washington, DC, 1992
[29] N. Daneshvar, A.R. Khataee, N. Djafarzadeh, The use of artificial neural networks (ANN) for modelling of
decolorization of textile dye solution, J. Hazard. Mater. B137 (2006) 1788–1795.
[30] Z. Zaroual, M. Azzi, N. Saib, E. Chainet, Contribution to the study of electrocoagulation mechanism in basic
textile effluent, J. Hazard. Mater. 131 (2006) 73–78.
[31] P.H. Holt, G.W. Barton, M. Wark, A.A. Mitchell, A quantitative comparison between chemical dosing and
electrocoagulation, Colloids Surf. A: Physicochem. Eng. Aspects 211 (2002) 233–248.
[32] N.K. Khosla, S. Venkachalam, P. Sonrasundaram, Pulsed electrogeneration of bubbles for electroflotation, J.
Appl. Electrochem. 21 (1991) 986–990.
[33] P. Hulser, U.A. Krüger, and F. Beck, The cathodic corrosion of aluminium during the electrodeposition of
paint: electrochemical measurements, Corrosion Science 38 (1996), pp. 47–57.
[34]
Nidheesh, P. V.; Singh, T. S. A. Arsenic Removal by Electrocoagulation Process: Recent Trends and
Removal Mechanism. Chemosphere. 2017, 181, 418–432. DOI: 10.1016/j.chemosphere.2017.04.114.
[35] Kobya, M.; Ciftci, C.; Bayramoglu, M.; Sensoy,M.T.Study on the Treatment of Waste Metal Cutting Fluids
Using Electrocoagulation. Sep.Purif.Technol. 2008,60,285–291.
[36]
Mollah, M. Y. A.; Morkovsky, P.; Gomes, J. A. G.; Kesmez, M.; Parga, J.; Cocke, D. L. Fundamentals,
Present and Future Perspectives of Electrocoagulation. J. Hazard. Mater. 2004, 114, 199–210.
[37] Linares Hernández, I.; Barrera Díaz, C.; Valdés Cerecero, M.; Almazán Sánchez, P. T.; Castañeda Juárez, M.;
Lugo Lugo, V. Soft Drink Wastewater Treatment by Electrocoagulation–Electrooxidation Processes. Environ.
Technol. 2017, 38, 433–442

72

