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Abstract  

Cutting oils are used in machining operations to reduce friction, provide lubrication and cooling 

properties, and prevent corrosion. Biological methods for treating wastewater from these oils have low 

efficiency. Therefore, other methods should be considered to treat this type of wastewater. The purpose of 

this study was to investigate the use of electrocoagulation for treatment of wastewater containing cutting 

oil. In this regard, an electrochemical reactor equipped with two aluminum electrodes and a direct power 

source was used. The efficiency of the electrocoagulation process was evaluated by measuring the 

removal percentage of chemical oxygen demand in a certain time range. The effect of various operating 

parameters such as oil concentration, applied voltage, stirring speed, initial pH, distance, and surface of 

electrodes on the efficiency of the electrocoagulation process was investigated. The results of the 

experiments showed that reducing the oil concentration from 3% by volume to 0.5% by volume led to an 

increase in the efficiency of the purification process up to 97.3%. Increasing the voltage from 40V to 60V 

reduced the time required for wastewater treatment with the same efficiency from 50 min to 20 min. 

Decreasing the distance between the electrodes from 6 cm to 2 cm and increasing the effective area of the 

electrodes from 60 cm2 to 180 cm2 reduced the time required for purification to 20 min. Also, the results 

of the tests showed that the time required for the purification process at medium stirring speeds (150 rpm) 

is low. The obtained results showed that the removal percentage of chemical oxygen demand in the 

neutral environment was high (95.9%). Therefore, due to the simplicity of the method, low operating cost, 

and the ability to design on an industrial scale, the electrocoagulation method can be used for the 

treatment of wastewater containing cutting oil.
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Table 1. Initial COD corresponding to initial 
concentrations of oil-in-water emulsion 

Oil/water emulsion 

concentration (% V/V) 

Initial COD

(mg O2/L) 

0.5 4580 

1.5 14900 

3.0 24800 

   

)

  

COD

COD

 pH 

pH

 

pH

pH

COD

pH 

pH

COD

Bensadok et al., 2008

3+AL

Al(s) → Al3+ + 3e−                   

pH

2H2O(l) + 2e− → H2(g) + 2OH(aq)
−

2H(aq)
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3+Al

Al3+ + H2O → Al(OH)2+ + H+
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Fig. 1. Scheme of electrocoagulation experimental set-up 
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COD 

Table 2  COD removal percentage corresponding to the initial concentrations of oil-in-water emulsion 

(Retention time=30 min and voltage = 50 V)

COD removal (%)
COD final

)L/2(mg O

COD initial

)L/2(mg O

Oil/water emulsion 

concentration (% V/V)

97.312545800.5

96.2560149001.5

95.91020248003.0

 

Fig. 2. COD removal with initial emulsion concentration 
COD 

Attour et al., 2014

Table 3. Required time for treatment in different 
voltages 

Voltage (V) Purification time (min) 

40 48 

50 29 

60 20 

Fig. 3. Required time for treatment over

different voltages 
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Fig. 4. Required time for treatment by changing the 
stirring speed 

 

 

Table 4. Required time for treatment corresponding to 
different stirring speeds
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CODpHpH

Table 5  COD removal and the final pH corresponding to the initial pH of the emulsion 

Initial pH 
Final COD 

(mg O2/L) 
COD removal (%) Final pH Initial and final pH difference 

3 1380 94.4 6.9 3.90 

7 1020 95.9 8.5 1.50 

9 4660 81.2 10.8 1.80 

Fig. 5. COD removal by changing the initial pH 

 of the emulsion 

CODpH

Fig. 6  Solubility change of aluminum complexes 

with pH (Holt et al., 2005) 

pH 

Holt et al., 2005

(Canizares et al., .

)2005

Fig. 7. The required time for treatment by changing the 

distance of the electrodes 

Table 6. The required time for treatment corresponding 
to the distance of the electrodes 

Electrode distance (cm) Purification time (min) 
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Fig. 8. The required time for treatment by changing the 

surface of aluminum electrodes

Table 7. Required time for treatment corresponding to 
the surface of aluminum electrodes 

)2Electrodes surface (cm Purification time (min)

60 64

90 45

180 20

pH

COD

COD

rpm

pH

pH

64

45

20

0

10

20

30

40

50

60

70

60 90 180

T
im

e 
(m

in
)

Surface area (cm2)



                   dx.doi.org/10.22093/wwj.2023.382513.3316 

 

                                                              Water and Wastewater 

                                      Vol. 34, No. 3, 2023 

 

References 

Adamović, S., Prica, M., Dalmacija, B., Isakovski, M. K., Kerkez, Đ., Rapajić, S. et al. 2019. Measurement of 

copper deposition by electrocoagulation/flotation from waste printing developer. Measurement, 131, 288-

299. https://doi.org/10.1016/j.measurement.2018.08.077. 

Aljaberi, F. Y., Jabbar, S. & Jabbar, N. 2020. Modeling of adsorption isotherms of oil content through the 

electrocoagulation treatment of real oily wastewater. AIP Conference Proceedings. AIP Publishing LLC, 

2213, 020041. Baghdad, Iraq. https://doi.org/10.1063/5.0000157. 

Aljaberi, F. Y., Alardhi, S. M., Ahmed, S. A., Salman, A. D., Juzsakova, T., Cretescu, I., et al. 2022. Can 

electrocoagulation technology be integrated with wastewater treatment systems to improve treatment 

efficiency? Environmental Research, 214, 113890. https://doi.org/10.1016/j.envres.2022.113890.

Aswathy, P., Gandhimathi, R., Ramesh, S. & Nidheesh, P. 2016. Removal of organics from bilge water by batch 

electrocoagulation process. Separation and Purification Technology, 159, 108-115. 

https://doi.org/10.1016/j.seppur.2016.01.001.

Attour, A., Touati, M., Tlili, M., Amor, M. B., Lapicque, F. & Leclerc, J. P. 2014. Influence of operating 

parameters on phosphate removal from water by electrocoagulation using aluminum electrodes. Separation 

and Purification Technology, 123, 124-129. https://doi.org/10.1016/j.seppur.2013.12.030.

Bensadok, K., Belkacem, M. & Nezzal, G. 2007. Treatment of cutting oil/water emulsion by coupling 

coagulation and dissolved air flotation. Desalination, 206, 440-448. 

https://doi.org/10.1016/j.desal.2006.02.070.

Bensadok, K., Benammar, S., Lapicque, F. & Nezzal, G. 2008. Electrocoagulation of cutting oil emulsions using 

aluminium plate electrodes. Journal of Hazardous Materials, 152, 423-430. 

https://doi.org/10.1016/j.jhazmat.2007.06.121.

Canizares, P., Carmona, M., Lobato, J., Martinez, F. & Rodrigo, M. 2005. Electrodissolution of aluminum 

electrodes in electrocoagulation processes. Industrial and Engineering Chemistry Research, 44, 4178-4185. 

https://doi.org/10.1021/ie048858a.

Chai, W. S., Cheun, J. Y., Kumar, P. S., Mubashir, M., Majeed, Z., Banat, F., et al. 2021. A review on 

conventional and novel materials towards heavy metal adsorption in wastewater treatment application. 

Journal of Cleaner Production, 296, 126589. https://doi.org/10.1016/j.jclepro.2021.126589.

Chang, H., Li, T., Liu, B., Vidic, R. D., Elimelech, M. & Crittenden, J. C. 2019. Potential and implemented 

membrane-based technologies for the treatment and reuse of flowback and produced water from shale gas 

and oil plays: a review. Desalination, 455, 34-57. https://doi.org/10.1016/j.desal.2019.01.001.

Do, J. S. & Chen, M. L. 1994. Decolourization of dye-containing solutions by electrocoagulation. Journal of 

Applied Electrochemistry, 24, 785-790. http://sci-hub.tw/10.1007/BF00578095.

Esperon-Rodriguez, M., Tjoelker, M. G., Lenoir, J., Baumgartner, J. B., Beaumont, L. J., Nipperess, D. A., et al. 

2022. Climate change increases global risk to urban forests. Nature Climate Change, 12, 950-955. 

https://doi.org/10.1038/s41558-022-01465-8.

Heffron, J., Marhefke, M. & Mayer, B. K. 2016. Removal of trace metal contaminants from potable water by 

electrocoagulation. Scientific Reports, 6, 1-9. https://doi.org/10.1038/srep28478.

https://doi.org/10.1016/j.measurement.2018.08.077.
.%20https:/doi.org/10.1063/5.0000157.
https://doi.org/10.1016/j.envres.2022.113890.
https://doi.org/10.1016/j.seppur.2016.01.001.
https://doi.org/10.1016/j.seppur.2013.12.030.
https://doi.org/10.1016/j.desal.2006.02.070.
https://doi.org/10.1016/j.jhazmat.2007.06.121.
https://doi.org/10.1021/ie048858a.
https://doi.org/10.1016/j.jclepro.2021.126589.
https://doi.org/10.1016/j.desal.2019.01.001.
http://sci-hub.tw/10.1007/BF00578095.
https://doi.org/10.1038/s41558-022-01465-8.
https://doi.org/10.1038/srep28478.


 dx.doi.org/10.22093/wwj.2023.382513.3316 

 

                                                              Water and Wastewater 

                                      Vol. 34, No. 3, 2023 

Holt, P. K., Barton, G. W. & Mitchell, C. A. 2005. The future for electrocoagulation as a localised water 

treatment technology. Chemosphere, 59, 355-367. https://doi.org/10.1016/j.chemosphere.2004.10.023.

Johnson, U. K., Imelda, N. N., Geoffrey, M. M., Caro, W. H., Festus, M. & Josphert, K. 2022. The effectiveness 

of Moringa Oleifera seed coagulant in reducing the turbidity and modifying the physico-chemical 

characteristics of water. African Journal of Environmental Science and Technology, 16, 126-145. 

https://doi.org/10.5897/AJEST2022.3093.

Keskin, B., Ersahin, M. E., Ozgun, H. & Koyuncu, I. 2021. Pilot and full-scale applications of membrane 

processes for textile wastewater treatment: a critical review. Journal of Water Process Engineering, 42, 

102172. https://doi.org/10.1016/j.jwpe.2021.102172.

Matteson, M. J., Dobson, R. L., Glenn Jr, R. W., Kukunoor, N. S., Waits Iii, W. H. & Clayfield, E. J. 1995. 

Electrocoagulation and separation of aqueous suspensions of ultrafine particles. Colloids and Surfaces A: 

Physicochemical and Engineering Aspects, 104, 101-109. https://doi.org/10.1016/0927-7757(95)03259-G.

Medel, A., Ramírez, J. A., Cárdenas, J., Sirés, I. & Meas, Y. 2019. Evaluating the electrochemical and 

photoelectrochemical production of hydroxyl radical during electrocoagulation process. Separation and 

Purification Technology, 208, 59-67. https://doi.org/10.1016/j.seppur.2018.05.021.

Mohammed, W. T. & Aljaberi, F. Y. 2018. Novel method for electrocoagulation removal of lead from simulated 

wastewater by using concentric tubes electrodes reactor. Desalination and Water Treatment, 101, 86-91. 

https://doi.org/10.5004/dwt.2018.21812.

Mollah, M. Y., Morkovsky, P., Gomes, J. A., Kesmez, M., Parga, J. & Cocke, D. L. 2004. Fundamentals, present 

and future perspectives of electrocoagulation. Journal of Hazardous Materials, 114, 199-210. 

https://doi.org/10.1016/j.jhazmat.2004.08.009.

Murthy, Z., Nancy, C. & Kant, A. 2007. Separation of pollutants from restaurant wastewater by 

electrocoagulation. Separation Science and Technology, 42, 819-833. https://doi.org/10.1016/S1383-

5866(99)00072-6.

Nguyen, Q., Watari, T., Yamaguchi, T., Takimoto, Y., Niihara, K., Wiff, J., et al. 2020. COD removal from 

artificial wastewater by electrocoagulation using aluminum electrodes. International Journal of 

Electrochemical Science, 15, 39-51. https://doi.org/10.20964/2020.01.42.

Ryan, D. R., Maher, E. K., Heffron, J., Mayer, B. K. & Mcnamara, P. J. 2021. Electrocoagulation-

electrooxidation for mitigating trace organic compounds in model drinking water sources. Chemosphere, 

273, 129377. https://doi.org/10.1016/j.chemosphere.2020.129377.

Safari, S., Azadi Aghdam, M. & Kariminia, H. R. 2016. Electrocoagulation for COD and diesel removal from 

oily wastewater. International Journal of Environmental Science and Technology, 13, 231-242. 

https://doi.org/10.1007/s13762-015-0863-5.

Seo, D., Lee, H., Hwang, H., Park, M., Kwak, N., Cho, I., et al. 2007. Treatment of non-biodegradable cutting 

oil wastewater by ultrasonication-Fenton oxidation process. Water Science and Technology, 55, 251-259. 

https://doi.org/10.2166/wst.2007.009.

Shahedi, A., Darban, A., Taghipour, F. & Jamshidi-Zanjani, A. 2020. A review on industrial wastewater 

treatment via electrocoagulation processes. Current Opinion in Electrochemistry, 22, 154-169. 

https://doi.org/10.1016/j.coelec.2020.05.009.

Sharma, S. & Simsek, H. 2019. Treatment of canola-oil refinery effluent using electrochemical methods: a 

comparison between combined electrocoagulation+ electrooxidation and electrochemical peroxidation 

methods. Chemosphere, 221, 630-639. https://doi.org/10.1016/j.chemosphere.2019.01.066.

https://doi.org/10.1016/j.chemosphere.2004.10.023.
https://doi.org/10.5897/AJEST2022.3093.
https://doi.org/10.1016/j.jwpe.2021.102172.
https://doi.org/10.1016/0927-7757(95)03259-G.
https://doi.org/10.1016/j.seppur.2018.05.021.
https://doi.org/10.5004/dwt.2018.21812
https://doi.org/10.1016/j.jhazmat.2004.08.009
https://doi.org/10.1016/S1383-5866(99)00072-6.
https://doi.org/10.1016/S1383-5866(99)00072-6.
https://doi.org/10.20964/2020.01.42.
https://doi.org/10.1016/j.chemosphere.2020.129377.
https://doi.org/10.1007/s13762-015-0863-5
https://doi.org/10.2166/wst.2007.009.
https://doi.org/10.1016/j.coelec.2020.05.009.
https://doi.org/10.1016/j.chemosphere.2019.01.066.


          dx.doi.org/10.22093/wwj.2023.382513.3316 

 

                                                              Water and Wastewater 

                                      Vol. 34, No. 3, 2023 

Shoushtarian, F. & Negahban-Azar, M. 2020. Worldwide regulations and guidelines for agricultural water reuse: 

a critical review. Water, 12, 971. https://doi.org/10.3390/w12040971.

Su, T., Wang, Z., Zhou, K., Chen, X., Cheng, Y., Zhang, G., et al. 2021. Advanced treatment of secondary 

effluent organic matters (EfOM) from an industrial park wastewater treatment plant by Fenton oxidation 

combining with biological aerated filter. Science of The Total Environment, 784, 147204. 

https://doi.org/10.1016/j.scitotenv.2021.147204.

Vieira, W. T., De Farias, M. B., Spaolonzi, M. P., Da Silva, M. G. C. & Vieira, M. G. A. 2020. Removal of 

endocrine disruptors in waters by adsorption, membrane filtration and biodegradation, a review. 

Environmental Chemistry Letters, 18, 1113-1143. https://doi.org/10.1007/s10311-020-01000-1.

Yildiz, Y. Ş., Koparal, A. S. & Keskinler, B. 2008. Effect of initial pH and supporting electrolyte on the 

treatment of water containing high concentration of humic substances by electrocoagulation. Chemical 

Engineering Journal, 138, 63-72. https://doi.org/10.1016/j.cej.2007.05.029.

Yilmaz, A. E., Boncukcuoğlu, R., Kocakerim, M. M. & Keskinler, B. 2005. The investigation of parameters 

affecting boron removal by electrocoagulation method. Journal of Hazardous Materials, 125, 160-165. 

https://doi.org/10.1016/j.jhazmat.2005.05.020.

Zidane, F., Drogui, P., Lekhlif, B., Bensaid, J., Blais, J. F. & Belcadi, S. 2008. Decolourization of dye-

containing effluent using mineral coagulants produced by electrocoagulation. Journal of Hazardous 

Materials, 155, 153-163. https://doi.org/10.1016/j.jhazmat.2007.11.041. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 © The Author(s) 

This work is licensed under a Creative Commons Attribution 4.0 International License

 

https://doi.org/10.3390/w12040971
https://doi.org/10.1016/j.scitotenv.2021.147204.
https://doi.org/10.1007/s10311-020-01000-1.
https://doi.org/10.1016/j.cej.2007.05.029.
https://doi.org/10.1016/j.jhazmat.2005.05.020.
https://doi.org/10.1016/j.jhazmat.2007.11.041.
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/

