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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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��+[ �{COD  �%X5( �� ���&� !�0� !�0�� ��6 @���0��� 
�� "� 
(�" 

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 

�6 @�9	(7&���� @��9 )K	(%m��� �� �n��1��6���Q0� �r )KEF 
*���(+��� �� ��6 9� ��6���Q0� !5,�- �)O*����(��� %���r �"

 "� [���� 
��(�" %��X5( � !��-�WR�n���P/F	P/K�R���,"�
�UM�{�UM�T���.�# >��� ����9� k���� "��7	��6 ���� <��� 9�

 @��9K	%m�� �� 9�- 9��/B� S�5?��	>�# !!*��* "������� >���� 
COD -�� 9��!�W��0� �C�# @��&m�>9��*� W�������"�� _'�M
COD �.�# !���? 
�����"���	)�0� �r� ��6���"�.�pH  �X&�)��" >��# ��L	(

�6 %m�� �6 @���) S�5?� @�9 	(@�9 ��0��� %X5(�"� 
�(�" @�
) ��R	(�,"� �� �n��1) ��6���Q0� �rKEF *����(+���� ��� �

) �6 9� �6���Q0� !5,�-O*���"� )��0� � !�-�W %���r �" (���R
�n�GF	PF�HFT� %0������� k9= @���9 � ��# >��� ��/�B��!
>9��*� W������ ��.�# !� 
�����"����6 %m�� �r� 	S�5?� @�9 �6���"�.�pH X&�)��
�" >�#�L	())�0�HF	(%0� ��0��� %X5(�) �� "� 
�(�" @�R
	(�,"� �� �n��1) ��6���Q0� �rKEF ��*��(+���� ��� !5�,�- �

) ��6 9� �6���Q0�O*����(��� ��6 %m��� � !�-�W %���r �" @�9
 "� S�5?�G��6 @���� �n�� @�9 )�/�, Z� "� "���(!��	��&� "�� 

)EF"�� "�Z��!�(	) c���� "��KPF "�� "�Z��!��(	��&� "�� �
)OPF "�� "�Z��!���(	T�������� �>����� k9= @����9 � ���#�/��B��!

>9��*� W������ ��.�# !� 
��r� ��"�� ����pH ) )��0� ���6���"�. 	@����0��� !��0���f

�6 %m�� 	(%0� ��6 @����) S��5?� @�9 @����0��� %�X5( 	(@�9
) �� "� 
(�"�) ��6���Q0� �r1�� �n�� 	(�,"�jif �*��� ���

) �6 9� �6���Q0� !5,�- � (+�����*�� � !�-�W %���r �" (��pH 
"� @���0��� !�0����n��	���_'�M ��,"� � ��# >��� ���T�

COD >9��*� ��6���Q0� !5�,�- ��r� ��"�� ���� .�# !����� � ���W

) )�0� ��6���"�. �6 9��f��6 %m�� 	(%0� @����) S��5?� @�9
�6 ) �� "� 
�(�" @���0��� %X5( 	(@�9��� �n�� 	(��,"�1�r

) �6���Q0�jif �*�� �� ��� (+�pH  >��# ��X&�) @���0��� !�0��
 ��"�"� ���6���Q0� !5��,�- � !��-�W %����r �" (��n����	`��
�*�� >9���*� !�/�B� ����� k9= @���9 � ��# >��� ���T� �� � ����W

.�# !����� 
�����"�����6���"�. 	�6 9� �6���Q0� �n� �r��) )��0��f

�6 %m�� 	(%0� ��6 @����) S��5?� @�9 �9��0��� %�X5( 	(@�@�
) �� "� 
(�"�) ��6���Q0� !5�,�- 	(��,"��*����� (���pH 

0��������0��� !���X&�) @���" >���# ����n��� � !��-�W %����r �" (
 "� �6���Q0���n��f	�f�jif *���T� +��� ������# >��� �

���� k9= @��9 ��/�B��>9���*� !W������� ��!�*��* .��# !�� ��6�
+�4 "����" >�#�`!� �� !#�� !g* 
��� %m�� �*�"� � �*��# 

!����COD >9��*� "���� 9�- W�����# .�#��5��� 9���� ���!"���

 JQ# "� >�# !-�Wj.%�� >��� 

�9g%I � UA�T< 
*�Q���Q0� ����*� ���Q�� �"�@���c��� 9 <=���� �� ��� @���* �

)Bensadok et al., 2008(��*�. S���m� �� ���� "� .��� J�� ��*� 

�� @�# >�"�C !� x��# ���� 	������ ��&� ��@���6�AL3+��*� "�

Q���� S�5?� �"�� � J��*�# 

)j(Al(s) → Al�~ + 3e


"� ���� �6!4�� �� !�pH 	�@�6����"��J�9�W 6�@)�"� ��c�- 
9�W 6�@)�"� 0��������# 

)�(2H�O(�) + 2e
 → H�(�) + 2OH(u�)


)�(2H(u�)~ + 2e
 → H�(�) 

�@��6�Al3+0���� �� �� >�# ��@��6�6�����"��0�� J��>��# �
�!���0��Q0� !5���� �� 3�>�# D	6����"���6��! ���� �� �5. ��
6����"���6��Q�� �" ! ������ J�.�&6� 

)G(Al�~ + H�O → Al(OH)�~ + H~
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Fig. 1. Scheme of electrocoagulation experimental set-up 
 'K�*{>��/�� �Q��Q0� ����*� ���� 9� �5� ���# >�# 

)P(Al(OH)�~ + H�O → Al(OH)�~ + H~

)H(Al(OH)�~ + H�O → Al(OH)� + H~

)L(Al(OH)� + H�O → Al(OH)�~ + H~

qQ5����� ���6�����0��&�!��� ������&� @����&m �" >���&&��<�"�
 z�5� "���� � >���# �'��4 %*���-"������������&C �" ����*��� >�����

 ���0�����" @��.�*���� ��� "�������&&� � .�����. 
��� �����Q5�m !������� >�
>���&&����&� ���6���#������/��B� "����# !������0�������%���� 

Medel et al., 2019)(.
���M �6�6�Q�� @)�"��� ���� "� >�# J��" ��&*����<�"�

 � .���&&� @���# "��&�# !��� "���� �" ����*� � >��# �'��4 >���# !�N0��� 

���M �6�Q���&v�6 >�# J��g-�W 76��� Vm�� 
������ �n��
� !�)��*����!���Q�� !5����# (�6� �" <����" J.(Keskin et 

al., 2021) .
�lr���&.���C�# 5�m����� 	)�0� 	[�� 
(�" %X5(�%m� 

��6 S��5?� @�9 	pH 0�� �� ��0��� !��n�� � ��6���Q0� !5�,�- 	@�
�" �6���Q0���Q0� ����*� >�9���Q���6���Q0� �������0��&���"�
B/� !� !�����s�� J�>��� ���:��# 

�9�9�� �� #d�� -(&$�(�� @j
d .Y� G��.I 
�*���9� ��7��6 �" �� >�# k�U*���0��� %X5(�@��* 
(�" @�

 _'M �,"� !� ���COD �3�-� ������0��� %�X5( 7�"� 
�(�" @�
�76�� 	����JQ#) ��� O� .(�* 
�� !U��/� J��Z !*�W 
�%��� �

"� !� ��6��Q0� %�Q�BN�� "���� 	%��r )�0� ��9���3�5- @��
��6 @�����"��* "� � ����� !U�6 <������"��35- ��?� "��c
0���� ��� � ��#�0�� qQ5��� "���� 
���_'�M � �'�4 !�� "��Z

BN�� "�����W��0� 9������&� .%����3-� <"�, "� 
�%X5( 7
�0����"���� 	�� "� 
(�" @�!N0 �6�6����"��3�5- �����4��
?� "��c���� S�Q0�� _'M �6�-��s� 
�(�"�-����*�"� 	%��

*�!U���"�� � 
(�" _'MCOD �� 76���������.(Ryan et al., 

2021) S��4O_'M �,"�COD  %�X5( �� ���&� �" ��6�0�� ��!
�0��� Y5N��� @��* 
(�" @��.�6� 
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��+[1{_'M �,"�COD  %X5( �� ���&� ��* �*�� @��9) �� "� 
(�" @���0��� !�0�� ��6 )�0� � %m��ef(%0� 
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
(mg O2/L)

COD initial
(mg O2/L)

Oil/water emulsion 
concentration (% V/V)

97.312545800.5
96.2560149001.5
95.91020248003.0

Fig. 2. COD removal with initial emulsion concentration 
'K�1{_'M �,"� <����T�COD  %X5( ���T� �� 

@���0��� !�0�� 

�9�9?�� .I m�T�� .Y� G��.IGA���: M`R 
�- k���� "����6���&��#��Q0�������	>���# >��/��� )���0� 	�C���# 

5�m��������!�* >��# S���m� )�0� .%�� 7&��� %m�� S�&� "�
� ��&�����&� >��� @�3 �� �" >�&&���� 
��� !Q5� 	�&���
>9���*� >��&&�
� ��0�� @�3����M �* �6�� 3�	�#��
�����&� ��
�C�# �lr���� ��

�" �����"�����=� _'��M�>��& �"�� ��6)Attour et al., 2014(.
���� k9= @���9 !�� �# >�6����/�B���3�-� ��� !�76��� )��0� 7

���JQ�#) �����S���4 .(����� k9= @���9�/�B����� ����&� 	!
�6)�0��5�m����� @��* �" Y5N��.�6� 

��+[ 8{�� ���&� !�/B� ���� k9= @��9Y5N� ��6)�0� 
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 

'K� 8{)�0� ���T� �� !�/B� ���� k9= @��9 <����T� 

��* 
�!U���� !� �*����� !5��Z�� 
���s�� %�!�� ���# >��� �
"�����@��6�35-�6 �����"��Q�� ��� >��# J�	��*� Sp�?*�

��"�- @�*�Z �� �)!0���� i�3-� �� (�* "� � )��0� 7��3�-� !�U�7
�4�"��m @��	�� ���9 ��# 

)i(m = �R�
��

@� "� !� 
m	�*� 9� >�# ��9� >��� k�4I�4 <�#�	@�t!�� )�0� S��m� @��9

	���Q0�M0��Q0�� k�4�����Q0� >�����	n@���Q0� ������ ��6�
�7&���� "� >��# J�&�F��"��- %���r�%���.(Do and Chen, 

1994) .
�3-��%X5( 7�35- @��JMQ�� Vm�� >�#�� "���� J����

35- qQ5�������� �n� � ��#�3�5- qQ5��� +��'�4 V�m��
����0� <���S�5?��z�5� <�"� �������*� 
C��*� k�� !� � ��*� !�

9����4 � _'M Vm�� � >�#�� 9� S�5?� 9� ��*������" �6��

4580

14900

24800

125 560 1020

97.3

96.2
95.9

95

95.5

96

96.5

97

97.5

0

5000

10000

15000

20000

25000

0.5 1.5 3

E
ff

ic
ie

nc
y(

%
)

C
O

D
(p

pm
)

Emulsion concentration (ppm)

Initial Final Efficiency48

29

20

0

10

20

30

40

50

40 50 60

T
im

e
(m

in
)

Voltage (V)



�.� �:��!M�!M� ��)�_ 
���  +dx.doi.org/10.22093/wwj.2023.382513.3316 

51

����� � �� 	
�� Journal of Water and Wastewater 
��������� ����� ����� Vol. 34, No. 3, 2023 

"�)g&� <"�,�!�N0 @��� 
(��6 ���"��&�# �9����<"��,"�)
!N0 @��� ^�� (�6 ����# .(Zidane et al., 2008) .

�9�9_ ! @".� .&Yo3 G��.I ?�� . I �( 
%� -�> GA��� :
M`R 
@��6 JQ# "� !� "� `_'�M %m�� 	%�� >�# >��� @��*COD  

%m�� "� �6�c��� � ��	��*��%m�� 9� ��� �6����6 �g @�9
� S�5?��0� � �#���57
��%m�� "� !� %�� �6�c���� � ���

�.�>��6�!*�W S��*� ��6�W"� �� @���� %�0�M 9� ���� 7&���� "� �
�6 � �" @�9�* "� � �&6��!N0 !U �6�Q���� >���� �W"3� >�# J

>��0� ���� �'4 ��� >�&&�>�# k�U*� ��0��� ����� @��+/�B� ����!
��%m�� "� ��� .��# ��6�	����9 !�N0 ��6�Q����%�,�- >��# J
!� �*�&��. �" @��# "��&�# �����* ����4 %m��� � ��&&� �� @� ����9 

#�.��- Vm�� S�5?��* "� � ��6 9� ���*��� !�U�/�B� �����@��# !
�0����� [�� 
(�" @����# .(Matteson et al., 1995, Mollah 

et al., 2004) S����4`����� k9= @����9�/��B������ �����&� 	!
%m�� �6�N��6 Y5 � @��* �" S�5?� @�9�.�6� 

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

 'K�i{�6 %m�� ���T� �� !�/B� ���� k9= @��9 <����T� S�5?� @�9 

��+[i{%m�� �� ���&� !�/B� ���� k9= @��9 ��6 
�6 Y5N� S�5?� @�9 

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

Stirring speed (rpm) Purification time(min)
0 20

80 18
150 15
250 27

�9�9.Y� G��.IpH 	&��� ?�� .I -(&$�(��GA���: M`R 
pH 0����0��� !�@�	�5�m "���- ^����rl���" ��� "�'W�������*�
�Q0��Q�� �r� � %����" ���"�. 
����. ��6�<���/� Y�5N�

��� .%����"���� �r��	���"�. 
pH 0�����0��� !��" @��"����� 
���&�!� 	���"���� !5��� 9��6 �����"����6 ���5��"����� ^��
X&���" )�0� .�# ���f�0��� %X5( � %0���� "� 
�(�" @��

� � ��� �,"���6���"�. �g�5�m���	�.�# !-�W %��r 
S��4 e	_'M �,"�COD %���r )�0� "��f@���9 � %�0�

0��Q0� �� �* 3��%��X5( � %m������0��� ��,"���� "� 
��(�" @�
 �� ���&�pH �6�0���Y5N� !�"�� @��*�� .��6��������,"� 


_'MCOD "�pH ��
����JQ#) �# >�6��� e0� 	(�� J����� 

���>����?� "� !�� %��� 
pH ���
�����,Al(OH)30�� �� >��# �

����� 
��0pM @�3 �� �" %.�"�� * "��� ����4 ����" !�U�����
Q���� J�� � ��#�!� ���" 
@��&m��. ^����� >���� 7�_'�M

!� 
(�" ����� J��m �����*� !5�* � ��&��!�U ���"��� _'�MCOD 
�� 7��3-� ����.
JQ��# �@����* T� >���&6�����0pM <�����!��*�W %���6�Y��5N�

����0� qQ5������&�6 �������"��T� ������� "� ����� �pH %��5m .%����
 76��� ���"��� "�pH  5Z��������"� !�� %��� 
pH ��6�	��=���

 qQ5���Al(OH)4
-��!�N0 � �� ��6�Al(OH)3�����Q����J

&v�6 � >�#�!N0 
�6�Q���* "� � >��� �Q8�� >�# J���6 !� !U
.�
����!��N0 ����� ���6 W����0� �'��4 ��3���*��� �" ���������6� 

.(Heffron et al., 2016) .
-�  9��"�pH�6��������0��&�k��- "� S��5?� "� ��4�� �

Al3+* "� � �"�� ����4��Q���� @���Q�� !��U�J!��N0 ���6�Al(OH)3

76���� !-����"�� /B��� 76�� !��&v�6 .����?� "� 
�c��6�
�������0�� @�3����M ��6�H2�3�-� ���� %�� "��7�!�� !�-�

?n� �'4 !� �U&���������M 
�" ��� ��6�9� +*��� � >��# !�N0
=� �'4��" �� >�&�!N0 � �6��* .��#�� "� !5,�M ��
76���. 

�� ���"��76��. 9� �6��"�� %���n� >�# k�U*�.(Yildiz et al., 

2008, Safari et al., 2016, Nguyen et al., 2020) .
���� "����9��7	��6pH  S��  "� ���9���3�-� 7�7%�-�� �
"� q��pH �3*�!� ^jj%��r "� .��*�� pH ������jj�7��� 9�
��0� 	@��&�6 �����"���# S����- ��� �������Al(OH)4

-%��� !��
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��+[ k{_'M �,"�COD "���� �pH �� ���&� ����*pH @���0��� !�0�� 
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 

 'K�k{_'M �,"� <����T�COD ���T� ��pH @���0��� !�0�� 

Fig. 6. Solubility change of aluminum complexes 

with pH (Holt et al., 2005) 
 'K�l{qQ5��� %�0pM <����T� ���T� �� ��&���0� ��6pH 

)Holt et al., 2005(

�9O9.I �!��.TK�� 	
S�� .Y� ?�� GA���: M`R 
�*���9� ��7�6��� !� ��� @��* T�����!5�,�- ��6���Q0� 9��!�� `

*����� @��9 �*�� ����k�U*� /B��!!�� ���79�������� �3�-��7
������.@��6 "� !� "�  JQ#�!5,�- !8 �6 	%�� >�# >��� @��* 
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Fig. 7. The required time for treatment by changing the 
distance of the electrodes 
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Fig. 8. The required time for treatment by changing the 
surface of aluminum electrodes 
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Table 7. Required time for treatment corresponding to 

the surface of aluminum electrodes 

Electrodes surface (cm2) Purification time (min)
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