
Arc
hive

 of
 S

ID

dx.doi.org/10.22093/wwj.2017.72005.2316 54

����� � �� 	
�� Journal of Water and Wastewater 

��� ��
���� ����� ����� Vol. 29, No. 3, 2018 

Investigation of Anionic Surfactant Removal Using 

Unipolar Electro-Flotation and Electro-Coagulation 
 

M. Nazari1, B, Ayati2

1.	MSc	of	Environmental	Engineering,	Faculty	of	Civil	and	Environmental	Engineering, Tarbiat	Modares	
University,	Tehran	

2. Assoc.	Prof.,	Faculty	of	Civil	and	Environmental	Engineering,	Tarbiat	Modares	University,	Tehran	
(Corresponding	Author) ayati_bi@modares.ac.ir	

(Received Jan. 3, 2017      Accepted July 13, 2017) 

To cite this article : 
Nazari, M. and Ayati, B., 2018, “Investigating of anionic surfactant removal using unipolar electro-flotation and electro-

coagulation.” Journal of Water and Wastewater, 29(3), 54-65. Doi: 10.22093/wwj. 2017.72005.2316 (In Persian) 

Abstract  
Surfactants are considered as chemical combinations with many environmental impacts 
such as eutrophication, foam generation, and oxygen reduction. This experimental study 
is conducted to evaluate the removal of Sodium dodecyl benzene sulfonate (SDBS) 
using unipolar electro-flotation and electro coagulation system. The experimental set up 
was installed as a cubic shape with effective volume of 735 ml and stainless steel mono-
polar electrodes arranged in a horizontal fashion. Parameters evaluated individualy for 
the overall system optimization include: distance between electrodes (0.5-1.5 cm), 
surfactants initial concentration (50-1000 mg/L), pH (3-11), current density (0.5–1.5 A), 
and electric conductivity (950-3500 S/cmµ).  Results obtained during the 1 hr operation 
time showed that the optimum surfactant and COD removal efficiency were about 94 
and 90 percent, respectively. This optimum removal eficciencies were accomplished 
under the following condition: pH=8, distance between electrodes =1 cm, initial 
surfactant concentration = 750 mg/L, current density = 1 A, and EC = 1440 µS/cm . In 
addition, the energy consumption and anode dissolution were 45.03 kWh/kg and 1.04 
kg Fe/kg for SDBS removal, respectively. In conclusion, the results obtained in this 
study support the application of electro-flotation and electro coagulation as an 
appoperiate system for the removal of surfactants such as detergent. 

Keywords: Sodium Dodecyl Benzene Sulfonate (SDBS), Anionic Surfactant, Electro-
flotation, Electro- coagulation. 
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Table 1. zExperimental parameters and their examined ranges 

Parameter Examined range 

Electrodes distances (cm) 0.5, 0.75, 1, 1.5
Detergent Concentration 

(mg/L)
50, 100, 250, 500, 750, 1000

pH 3, 6, 8, 11
Current density 0.5, 0.8, 1, 1.2, 1.43

)µS/cm(EC 943, 1440, 2468, 3504

�1�1P�];)�- � ��.� 
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�� p�
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�?,�
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PM-3005D � � �	.-G�F  ��. %�
/#0 
��� ��Q	�
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COD 7pH � �#	�?�D
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/#0� � �	.-G�F  ��. 

2 Sigma Aldrich 
3 Merck 
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Fig. 1. COD/COD0 vs time under different electrode distances 
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Fig. 2. C/C0 (Surfactant concentration to initial 
surfactant concentration ratio) vs time under different 

electrode distances 
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Fig. 3. Specific energy consumption vs different 
electrode distances under various removal efficiency 
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Fig. 4. Anode dissolution vs different electrode distances 
under various removal efficiency 
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Fig. 5. COD/COD0 vs time under different initial 
surfactant concentrations 
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Fig. 7. Specific energy consumption vs surfactant 
concentration under different removal efficiencies 
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Fig. 8. Anode dissolution vs different electrode distances 
under different removal efficiencies 
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Fig. 9. COD/COD0 vs. time under different initial pH 
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Fig. 10. C/C0 (Surfactant concentration to initial 
surfactant concentration) ratio vs time under different 

initial pH 
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Fig. 11. Specific energy consumption vs pH under 
different removal efficiencies 
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Fig. 12. Anode dissolution vs pH under different 
removal efficiencies 

45�*"�� =,� 4]8,� 3����l�JR5pH �
	=,�  ���� 37
/#	 �
�
O[5 "�#$	 

)cm*d= �µs/cm *[[jEC= �A*I= �mg/L icj [SDBS]=(

��,����� -�R,pH 
�����7���#�2 -�0� .pH 
�&,(��� =���
 �� d�2�7��� 6pH 
���'�'�7��������
�� ����� J�'�/�'

�/�7��/��#,  � .�����
	=,�  �� �U�� 
� �? 
��7 ��
<	 O[5
, +=��j�� �� �
�_pH ����(
� �����)��i�� 7 (�`
� �
	=,�  
�

� 'O[5���  �=I	 
&� -D
5 ������.=� �#G�F �j,  � �� 

T1[1	%;), $5&7J5�� :�&76 P(� {;;/- 

�� � �  �j�	��
(�QP��(���#�D� �
��U 3=� ��G ����
0 7
�� =��
�#BD��B'(u�Y �U 3=���#BD� �
�B(�0 �� � ��	 37
�/#	( ���.


#, .-G�F�l� u��3��COD �� -j�k 7���� � JT��� �
�� ��7
�� %=� %��� �
<, 
#, .-0��	 �
<, u(O[�5 =�C � =����COD 

�U 3=��  �����

�����/�'�/�'�'�/�7�/����� ��v	� ������ J

� ������/��'�/��'��'�/��7�/��-�j�k O[�5 =C � 7
SDBS ��� ��� �� 
�� ������ J�/��'�/��'�/��'�/��7�/��

-�[F �� xY��.���I�i�� .-0��-�[F �� xY 
��.�� � �I
� �	 O[5COD �
	=�,�  '�/��'�/��'�/��'�/��7�/��

�� =C � .=	� -0� 	 �j5]	(3=��  � O[�5 �
	=�,�  ��2 ����
�U��

���7�/���, �v	���� 6�=B��V-0� �i�� 7�xY 
��

-�[F��.���U 3=��  � O[5 ��, �I ���

����'�/�7�/�
I� �� ��`
� �v	����� .-0� ���2  ���(O[�5 ���,SDBS ��� D���T

��G��D�� d�=���
��Fe3+7  ���I#�R	 =,��f
� ��� �U 3=�� �� �

�#BD��B(�� .-0� �#R��7 � 3 
�������G� 
�� ��V��U 3=�� d���

�#BD��B'(��#$D 
������#�<������4��BD�	 
#*�=�,� +�� ��� 
���

Fig. 13. COD/COD0 vs time under different current 
densities 
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Fig. 14. C/C0 (Surfactant concentration to initial 
surfactant concentration) ratio vs time under different 

current densities 
 45�*[1 � ��D7� -j�k �� -,
#BG �0 -j�k -�R, 

�
��U 3=� ��D7� 37
/#	 �
� 
)cm�d= 'µs/cm ����EC= '�pH= 7mg/L ��� [SDBS]=(

0

10

20

30

40

50

2 4 6 8 10 12

SE
C

(k
W

h/
kg

de
te

rg
en

tR
em

ov
al

)

pH

80%
85%
90%

0

0.2

0.4

0.6

0.8

1

1.2

1.4

0 5 10 15

A
no

de
D

is
so

lu
tio

n
(k

g
Fe

/k
g

D
et

er
ge

nt
R

em
ov

al
)

pH

80% 85% 90%

0

0.2

0.4

0.6

0.8

1

0 20 40 60 80

C
O

D
/C

O
D

0

Time (min)

I=0.5 A

I=1 A

I=1.2 A

I=1.43 A

I=0.8 A

0

0.2

0.4

0.6

0.8

1

0 20 40 60 80

C
/C

0

Time (min)

I= 0.5 A
I= 1 A
I = 1.2 A
1= 1.43 A
I=0.8 A

www.SID.ir

www.SID.ir


Arc
hive

 of
 S

ID

...�* +�
��8 ;��2L��
) 
$[ +)��* dx.doi.org/10.22093/wwj.2017.72005.2316 62

����� � �� 	
�� Journal of Water and Wastewater 

��� ��
���� ����� ����� Vol. 29, No. 3, 2018 

SDBS 8	 ������ 4��8	 !(D�� �� �	 =(#,  � 7 ������
	=�,�  ��?
G� O[5���	d(�=�
 .(Zodi et al., 2013) ���,� O��)	  ����,�

G�)	 �`�G 7( �T��� �
����7�������
I	��
�)#.� ��R�7
�U 3=�� �
$#,� ���#BD� �
��B(&��%=�
�<	 .-�0� %=�� ��S� � ���

	(	 �2 ������,� O�)	 ����O[�5 �
	=,�   ������� =�C ��
�
��I	���/�'�7�/����� ���v	� ������ ������� J
����/��'��7��

-�
0 3�7���K 2 ���	 -,
#BG �0 +�F��(D� .=��
� ��� T��
=�,7 
��G��	 �  d�
2 7 d(���G� ��� �����-��R, O[�5 �
	=�,�  d���

����G� 
��� �
��	���U 3=��� d����#BD� �
���B(���  � .��� -���R,�3=
U����

����	 ��`
��
F 7 %=��2 =I��	 ���	 ��� D���=�R���  
��


Fig. 15. Specific energy consumption vs current density 
under various removal efficiency 
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Fig . 16. Anode dissolution vs current density under 
various removal efficiencies 

45�*d1���� (B��#BD� �
��U 3=� JR5 �� =,� 4]8,� ����	
�
	=,�  -,
#BG �0 O[5 "�#$	 �
� 

)cm�d= 'µs/cm ����EC= '�pH= 7mg/L ��� [SDBS]=(

e]#��*� =��,7  ���� �7���#BD� w9��0 �� 
����
F h7���* 7 -��0� �����	
	 6�2 %=��2=I��	(2=��7�
�0 7
������ _�� 3 ��C , �
�	� �� �
�0 O[5 JU�	���� �� 
�(	��� .(Sengil and Ozacar, 2009, 

Zodi et al., 2013) 3=� �[D �U��
�#BD��B(�� �v	� �	(�����

��� ���U�� ���� ���#��<�
�
	=��,�  O[��5 7����, ��D7�,( �
��� ����, 
�� �����  �=I	 &�����
$#,� ��2.

T1c1�(! {;;/-	%;), $5&7J5�� =& 


	���d�=�  � 
��-
���#BD��B(�� "�#$	 ��  ��j�	 ���  �=�I	 

&��
0 
#��� �V, -�
P 
� ���	� 
Y ���#, .=� +
?,� 
��#�
���� u-�0� 

TB� p�
9	 %=	� 
����7��.-0� 

Fig . 17. COD/COD0 vs time under different electric 
conductivities 
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Fig . 18. C/C0 (Surfactant concentration to initial 
surfactant concentration) ratio vs time under different 

electric conductivities 
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Fig . 19. Specific energy consumption vs electric 
conductivity under different removal efficiencies 
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Fig . 20. Anode dissolution vs electric conductivity 
under different removal efficiencies 
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