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Abstract  
The combination of oxidation and flocculation has been used to alleviate the membrane 
fouling in MBR systems. As common and cheap additives, NaOCl and FeCl3 were 
employed to prolong the operation life of the membranes. To achieve the highest 
performance in terms of the SMPs and COD removal, the optimum dosages of FeCl3
and NaOCl additives were first evaluated. To do so, using the jar test, optimum dosages 
of 2 mg/L and 2 mg/L were respectively determined for the FeCl3 and NaOCl, leading 
to the highest possible SMPs and turbidity removals of 20.1% and 91%. Using such 
optimal dosages, different scenarios were examined and the MBR experiments were 
then conducted in three stages designed to have no chemical addition (stage 1), FeCl3
(stage 2), and a combination of FeCl3 and NaOCl (stage 3) to assess the effect of the 
additives on membrane performance under continuous flow condition. The results 
revealed that, although at such dosages, the additives were not able to affect the 
nitrifying and heterotrophic bacteria, when simultaneously employed (stage 3), they 
were able to significantly lower the cake layer resistance and the operating time by 4.3 
and 2.6 times when compared to the conventional MBR systems (stage 1) and the ones 
flocculated by FeCl3 (stage 2). 
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  چكيده

منظور کاهش گرفتگي غشا در يک بيوراکتور غشايي سازي بهاستفاده تلفيقي از فرايندهاي اکسيداسيون و لخته پژوهشدر اين 
ساز ارزان قيمت و متداول در صنعت براي پيش تصفيه و افزايش عنوان لختهبه 3FeClعنوان اکسيدان و به NaOCl. بررسي شد
گــرم در ليتــر ميلي ۲و  ۲ترتيب هاي جار بهاز طريق آزمايش NaOClو  3FeClبرداري از غشا استفاده شد. دز بهينه زمان بهره

درصد کــدورت شــد. ســپس بــا  ۹۱ها و محلول ترشح شده از ميکرب درصد مواد ۱/۲۰حذف  كاراييمحاسبه شد که منجر به 
هاي بلندمدت انتخاب مواد افزودني سناريوهاي مختلف بررسي شد و سناريوهاي برتر براي انجام آزمايش ،استفاده از دز بهينه

(مرحله دوم) و بــا تزريــق  3FeClهاي بلندمدت در سه مرحله بدون تزريق ماده شيميايي (مرحله اول)، با تزريق شدند. آزمايش
هاي نيتريفاي و تأثير منفي بر باکتري ،(مرحله سوم) انجام شد. نتايج نشان داد که تزريق مواد افزودني 3FeClو  NaOClهمزمان 

طوري که طور چشمگيري فشار انتقال غشايي را کاهش داد بهبه پژوهشندارد. روش جديد توسعه داده شده در اين  هتروتروف
 برابر نسبت به مرحله دوم افزايش يافت. ۶/۲برابر نسبت به مرحله اول و  ۳/۴برداري از غشا در مرحله سوم، زمان بهره

  
 NaOCl ،3FeClبيوراكتور غشايي، گرفتگي غشايي، غشا، : كليديهايواژه

 
  مقدمه -١

اد آن از يــز يايــل مزايــدل، به١ييوراکتور غشايه فاضلاب با بيتصف
د لجن مازاد کمتر و حــذف ي، توليپساب خروج يت بالايفيجمله ک

بوده است. اما  پژوهشگرانمورد توجه  هموارهزا يماريب يهايباکتر
غشــا و در  ي، گرفتگــين تکنولــوژيــن مشکل موجود در ايتربزرگ

  از و کاهش يمورد ن يش انرژيل افزايدلها بهنهيش هزيافزا ،جه آنينت

                                                
1 Memberane Bioreactor (MBR) 

  در همين دليــلبــه .)Mutamim et al., 2013(است غشا  يوربهره
 

 يانجام شده بر رو هايپژوهشدر اکثر  پژوهشگرانر ياخ يهاسال
MBRش زمــان يغشا و افــزا يکاهش گرفتگ يبرا ي، به دنبال روش

ن وجــود تــا بــه حــال ياند. با ابوده ييوراکتور غشاياز ب يبرداربهره
بــر  مناســبر يثأغشا، کــه عــلاوه بــر تــ يکاهش گرفتگ يبرا يروش

شــنهاد نشــده يصرفه باشــد، پز بهين ي، بتواند از نظر اقتصاديگرفتگ
  است.
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Fig. 1. TMP profile in different fluxes 
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Table 1. Characteristics of the membrane module 

Characteristics Value 
Effective surface area 0.2 m2

Pore size 100 nm 
Porosity 62 % 
Contact angle 130.3° 
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1 Mixed Liquor Suspended Solids (MLSS) 
2 Supernatant 
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,��> ���>!� > ��h & =�� � HB�( �� .� � =� /� Q�� �-( 2�� ��
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N����( 2�8;�( ��a-��< ���. � ��H;( �� ���> � �h�.�� �
� =�� �HB�( ���.�� & ��4�(�	� $FeCl3�NaOCl � >!�� %�>

�( 2�8;�(�� � � HB�( �� k��� �� .�� ,��A-� ��H;( ��� �
(�	���� <P�� �!� (�� H	
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 k�� � �( �� k��� O� �HB�( & ��> �H��� 4��> =�� �HB�( .���>
�> =�� �HB�( > & ��G�(��3 :-�� :FeCl3�( �>�&�� �� ���H;( �

�c & ��>� �> ,�*E .��> =�� �HB�( 4��:�� � =�	��H	E 6 ������
.�� �-�� �a� �>�3 �HB�( �� �� 

3 Float valve 
4 Rotameter 
5 Peristaltic pump 
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�GHh > e"� �� ���5�� � � � �� .�� � �- �� � a� � >�3 �� -.��
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 �-�# & ,��A-� �HE .��� �>�3�� GHh :MLSS 4�� . ��� 0( �

a-��< �3��� ��hMLSS ��!��> ���& .�#�I�U � . � ��� 4���
�  ( �� ��  
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�||| �H�( � -�# �� =� <  a-��< & �� ��>�� �� H
 � �h �<���!
(����)Lee and Kim, 2013(.

�> ���> ��G�(���<P���!�(�� ��� � �� H;( ���>��� -.��
��h��#5 ��( QMB ���MN( �!���� & � �&�� �)*+�� &!�


��"�>��d	� � ��-.���> e"� :/# :���-.���� � �-��< ���	�
 �����(&5 !�� � ���(��� �> &�!�� �.� �> =&J .��� =�/� 45 

1 Sequencing Batch Reactor (SBR) 

��"& 34���� )*+�� 2�8;�(!
Table 2. Feed characteristics of influent 

Characteristics Value 
BOD 315.22 ± 27.1 mg/L 
COD 531.48 ± 10.3 mg/L 
NH3-N 38.21  ± 2 mg/L 
MLSS 4325.30 ± 25.3 mg/L 
MLVSS/MLSS 0.83 

�HB�( �� O�K �� ��� (&5  �� ,� � =� /� 2� ( � �H>  � ,F�� c :
(�	�����H	E 6����.�� �-�� �a� �>�3 

#��5���(5 �!,�� ��! �� ,� � e��B  � & ,��A- � � > ,F�� c :
=�� ���SPSS �;7�{��>!���> .�� =�/� &���!�'(� > �7�:

�-;# Q���-( R�� &��!& ,��A-� �>FeCl3�
 R�� ���� ��� �
 �� ,�  � ,��  � QM  B �  > �%  7� ,F��  c :SMP �H0� R�� &  � e

��  � X��  ��  ��K jZ �  > ,�*  E .�  � ,��A-  �  �:��'(�  > �  7�:

���-(��c!>�F�#��S��� ,� � =� /� � HB�( �� �� ��� (&5 !� �

2�(��H>�H0� R�� �>  ��� e �X��  � � � > � ��K j� <P�.� ��\

 ��( �g � .�� =�/����!����� (&5 � � �� ��� )|�/|=α(
� �����	� �� �g" ,���0( .��>�	K �g� �> ��4����� ��� I ��

 �> ,�*E .���� -� �:�� > s �� ,� (5 � ��  � :���P c �g � � >
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FeCl3�GHh ��}� H�( �-�# �� =� <-�> ��:���� U B �� �M Q
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�> � 2���.!��(&5 :� ( 4� �� �� �� � . ��g�� 	� .� ��  � :
� eS� �( ,�� � ���� ���GHh �FeCl3�� }� H�( �-�# �� =�< 

�E�> 9�> 2���. ���.��( �� ,���	��� �!X c � � � :/# �g�
�'� 45 &�% S� w�� �> .��> �>�3 v� e�� ��Hh � �GFeCl3

2 One-way analysis of variance 
3 Tukey’s post hoc 
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Fig. 2. Schematic diagram of the experimental setup 
:;�V4,�� ,��A-� ���a���(&5 O�( j���	� 
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�(&5 e%9�����'( ���0� �7�0�>��-� :��> s,� (5 � �� =� /�
��� eS� .�����U u���c QMB�Hc �:���.���� �SMP �� � e .
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Fig. 3. Effect of different FeCl3 concentrations on SMP 
removal (n=4) 

:;��4�GHh ��3b� tH-;( !��FeCl3QMB ����U �>SMP 

) 45 2�%�.�� �^n= (

Fig. 4. Effect of different FeCl3 concentrations on 
turbidity removal (n=3) 
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Fig. 5. Effect of different NaOCl concentrations with 2 
mg/L of FeCl3 on SMP removal (n=4) 

:;�b4�GHh ��3b� tH-;( !��NaOCl �> ,�	�Z�H�( �-�# �� =�<

 QMB �> j�����H.SMP ) 45 2�%�.�� �^n= (

Fig. 6. Effect of different NaOCl concentrations with 2 
mg/L of FeCl3 on turbidity removal (n=3) 

:;�f4�GHh ��3b� tH-;( !��NaOCl �> ,�	�Z�H�( �-�# �� =�<

FeCl3) 2���. QMB ����U �>\n= (

,����( eS� �� �. ��g��	��(�� ��4�� 	� ��� +FeCl3��
������!) � 7��� =���n= (}/{±}/{�� ���  Hc���.� ��� �

)�n= (�/{±�/{|���� u���c��> �GHh �� � :���}� H�( =� <
 �-�# ��FeCl3.��. QMB�H9�&�U � 4�� S	� � ��> &� �� ��� ���

�H�( �-�# �� =�<�>!FeCl3QMB �>}{�{�����!u���c�� :
 Hc���.� ��� ( & ��� �� �� H;( ��� �-��.(Koseoglu et al., 

2008) .
���� ����!4��	� ���+ =���> &����NaOCl QM B �> �/�(

)�n= (�/{±{/{~�   ���    Hc���.�   ��) � ��n= (�/{±~/�

���� u���c�.�� :�-� �. ��g��	��( 4��� s�� ���4�� 	� ��� +
7. ,��(�� ,���. ���> &� �� �� #5 �� ( QM B �� %�> �E�> ��" ���

�� � O�H0(������U QM BSMP  +�� � > =&J .� ��� � �
7. ,��( 4��	� ���+�> 4��,� ���&�> � GHh e9�B & �V� /�(

( � ��( �>�( ����<���S�I7���� � ��SMP ����45 �GHh �
�> ,��	� � �� ���"� ��< ��9 �G� �( k�+�( :���(Rathi and 

Satheesh, 2012) .
�-� w�� �>�� > seS � �� ,� (5 � ��� ���> ����� ���!

� GB*( e>�9 2��A� �I/�c � =���L !������ U QM BSMP ��
N� �3����� ��4�� 	� ���+ $FeCl3�NaOCl � �� ,��� �(�� >
���< !���� �� �.��!��� � > � =�� �L  � � -> pNaOCl �FeCl3

�  '(�  Hc QM  B���.�  ��u���  c � ���  > :���  �) �  >�> $�n= (
�/{±{/}{) � �����n= (�/{±�/{~ �. ��> ������ '( :�

���� ����!� > I/�c ���  �) $�n= (�/{±~/}}) � � ����n= (
�/{±~/{}���Pc �� .��> �����O�� ��}|{� �>4�� S	� �
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����-H���h 4���A8� ������ � � � �-"��c )5 �����!t H-;(
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4& �-> ��&��-;# XY� �&� �! ���> ��� ���.�� -� � > ��/�

��� �>��(���-�� (Bu et al., 2019).
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Fig. 7. Assessing different scenarios on SMP removal (n=4) 
:;�v4QMB ����U �� tH-;( !�������� ����>SMP )�n= (

Fig. 8. Assessing different scenarios on COD 
removal (n=4) 

:;�w4QMB ����U �� tH-;( !�������� ����>COD )�n= (
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��" )�  7c �� x��> &���  -.��

�> ���. 2��� .����vJ�	-B �( :�>#��> QMB e� #5 ��( �-��
�� j 	. � > =� � � HB�( ���7. � �� ���-� �� � 4����� . � /

#�����-.�> �!��!,���. QMBCOD �-.� >)!� �! ���-� (Q��
 � �  > . #��� ���  . � ��-.� > �!�  �!�-.� > �Q�� ���-�!�  �!

� �� Q�� ��- ���A!�/( : > � O� ���� � ����5  . �� � #�  ��
>��-�!���> �-�� � � � � �E� ��� ���- ��A���S� � � 4� ���
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Fig. 9. Influent and effluent NH3-N concentrations  
during each stage (n=5, 7 and 14 for stages 1, 2 and 3, 

respectively ) 
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��"�>��> ��-.�� 2�� �
����/���M< �> �HB�( �� �� �� � 4�(&���-H��� 4����.���

��-� ��!�� eB�( �(���> ���< ���!� ,��������U 2�A 7� QMB
�> �����> $�/���/{{�{/}����� ���.�

0

5

10

15

20

25

1st Scenario 2nd Scenario 3rd Scenario 4th Scenario 5th Scenario

SM
P

re
m

ov
al

(%
)

Total SMP Polysaccharide Protein

0

20

40

60

80

100

1st
Scenario

2nd
Scenario

3rd
Scenario

4th
Scenario

5th
Scenario

C
O

D
re

m
ov

al
(%

)

0

1

2

3

4

5

0

10

20

30

40

50

Stage І Stage ІІ Stage ІІІ

N
H

3-N
E

ff
lu

en
t(

m
g/

L
)

N
H

3-
N

In
flu

en
t(

m
g/

L
) Influent Effluent

1st Scenario            2nd Scenario                3rd Scenario               4th Scenario                5th Scenario 

1st 2nd 3rd 4th 5th

Scenario   Scenario   Scenario     Scenario     Scenario 



����V�	 � +LSF ��6� dx.doi.org/10.22093/wwj.2019.187404.2876 

80

����� ��� 	
�� Journal of Water and Wastewater 
��������� ����� ����� Vol. 31, No. 4, 2020 

Fig. 10. Variation of influent and effluent phosphate during each stage 
:;��l4�HB�( �� �� 4�(& ��M< �> ��-.���> & �
��" � !���� 2�A7� �GHh 2���N� 

Fig. 11. Variation of phosphate removal during each stage 
 :;���4�HB�( �� �� 4�(& ��M< �> 2�A7� QMB ����U 2���N� 
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��" ��  ���  � ��> )�  7c �� 2�A  7� �  GHh ��� ��  -.��  � �
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(Mulkerrins et al., 2004, Wang et al., 2009).
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�> �. =�� �HB�( ��FeCl32�A7� ���> ,�	�I�� � -> �� I � 
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�d	�� :� > O�8� ��/�: �4�� �! A�( �� > � > 2�A 7��,�� ( �
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Fig. 12. The variation of permeate flux during each run 
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Fig. 13. The variation of TMP during each stage 
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�� .���> ���P c !� � c� ��� � ���> :b. �� ;> � . � � ,� � �
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2009, Zhang et al., 2006) -� ���( �/�a�� aL � . �A< 4���

S���J e�. ��I�( & 45 ��-"�� � j�����S( : 7�I� �! a-��<�
�> ( )�7B�5�.�

( & ,�� ���� O�H0( ��(�)�S � � ,� 	� � > ��� #5 �� ( ��
�� �> �-7��!�� �h �g� �> � I� �> 2�� 4���%7L �> ���h �g�
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Fig. 14. The correlation between sludge characteristics, (a) mean particle size and SVI, (b) zeta potential and SVI, (c) 
zeta potential and mean particle size 
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Tabel 3. A review of studies on membrane fouling control using coagulation, flocculation and oxidation processes 

Researcher Applied method Acquired result

)Sun et al., 2019( Different doses of aluminum sulfate 
were investigated in a UCT-MBR 

Reduced TMP growth rate from 1.13 
kPa/d to 57.5 kPa/d 

)Huang et al., 2019(
Using iron hydroxide in 

pharmaceutical wastewater 
treatment membrane bioreactor 

35% reduction in fouling (Fe-MBR) 
compared to (Co-MBR) 

R² = 0.8774
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	���� ��"&>4!���( ���Pc �> � !������� & ,��A-� �> ��h �a-��< O�-�. !�> ,�� =�/� !���� ��'�-;# 4�����7. � !&�� 
Count. Tabel 3. A review of studies on membrane fouling control using coagulation, flocculation 

and oxidation processes 

Researcher Applied method Acquired result

)Du et al., 2019(

Simultaneous use of electrical 
oxidation/flocculation using 

peroxide mono sulfate (PMS) to 
remove antibiotics from surface 

water 

At optimum conditions (0.2A current, 
60 s electrolysis time and PMS dose 
= 100µM) the sulfate and hydroxyl 
sulfamethasine radicals and organic 

matter were destroyed. Also, 
electrical oxidation/flocculation 

resulted in the formation of larger 
flocs and reduced fouling 

)Ma et al., 2018(
Simultaneous use of KMnO4-Fe 

(II) as a UF pretreatment for algal 
removal and fouling control 

Decrease in TMP over a 90-day 
period from 42.8 to 25.1 kPa due to 

increased surface activity, 
inactivation of algae and increased 

clot size 

)Liu et al., 2018(
The combined use of ozone with 
ferrate in controlling membrane 

clogging was investigated 

The combined method used had a 
synergistic effect and the TMP 
decreased by 89%. Removal of 

organic matter and increasing particle 
size resulted in a high permeability 

porous cake layer resulting in a 
significant decrease in TMP 

)Bu et al., 2019(
Coagulation and ozonation as pre-
treatment of membrane filtration in 

water treatment was assessed 

Organic matter removal efficiency 
improved and fouling improved 

)Xing et al., 2019(
Combined use of Fe (II)/UV/Cl to 
control membrane clogging in the 

bioreactor 

The use of the proposed compound, 
compared to single flocculation, 

significantly reduced the clogging by 
altering the input wastewater profile 
and reducing the organic load of the 

wastewater 
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