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 *�� 1�&�� �Fl $%����.(Namburha et al. 2013; Kateef et al. 

2013; Drews & Kraume 2005; Zhichao et al. 2008) .
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- �$�%%l
 |��:� �� *g=� � $)��� �� T�� 1���:� �� 3]� ��'( ��\�� "���

 ���"��$ �� *�� �� m3/day �pppp�spD1�� ��
� ��1�� "���1�� 
*� $)1�(Judd 2006).�&�B "1�&+l "V1)� �1b&�� *��<( "��

�&�B �� �Y�) *� Z1Q� ��[���%l "�� *���
� �$%%l \�+- ���8
*� D��F&B� \) ��<( ��1l .���) *)��1����� ��+H �� "��) � �
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�&�B 3�� �� "V1)� Z1Q� ���kwh/m3z/p�r/pD$�� e��\��
 �� `����� �����lyp$����0�� �����B� *���
����� ������ M
�����1� �N 

(Churchous 2002).
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- �&��� ������ "���
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_
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�
�\	 "�� 4��1�� 1�b- �� D�

*� 1b- *-�'+P $%l.����� *�2&	1� ��\�� �]&) �����1( 5$��

`H �� *)�1,� ��� �+l .�B� *%� �� *�
�Y� ����� 1�b&� ��
�%P
*� �&E�%� ��<( *2&	1� *B�1� �
�.���� 3�� "��� ��B� �� ��l

�� �N �� 1&+l 1���:� ���F-� ��$�u
'l f+]- �� *��) *2&	1� �)
�
*+) *�� 5��'+P �N 5�'+P �� � $&	� *�� ��&F� \�) *�2&	1� ��
��

 "����� �� ��<( *2&	1� ��12<��mH �� *E1� 5�=��S� �� $%{1�
 ��B� D$�� D$���<� ��� *�)�1,� �� 1&+l(Le-clech et al. 2003) .

� *)�1,� ����*� ��1=- \) 12�� �1i :�
� ��S��� �l *=�
� (���
 1�&+l 1���:� �� ��� 3� ���<	 Z!&�E� � *�)�1,� ��(∆+) ��1�B

 .���� j���E RN "�1�� �N ��\�� �� 1��1� *Y� � �B� *SE ��<(
 �N ��\�� ����<� �N K� *�� �B� *SE �S��� 3�� �l *=�
� (R

���) j���E RN "�1�(Tiranuntakul & Jegatheesan 2011) .
��� �� �N "���� *'l �
i�3�� ��S��� �N �� �l "��� 3��� ��
%P

 � ���∆+ *�� ����E *�SE ����  �� ���<( 1�B�� ������) � �
��
*� `��\	� $����*�� $%�B�%�.(Jefferson et al. 2004; Le-clech 

2003) 
���� �v%�8 ��B� 1�b&� D�1�� ��B 1nO�- �,- *)�1,� ���

DV�1H 3�� Z$� .*-�'+P "��1b&� � 3]� "��1b&� ���<( *B�1�
 $%)�� *���1b&�∆+ 5��$��
�1l � 3a-�1�H ���'( ����<( 1B��

 � _
�',� *��1�� 5�$��
- � *�
'B ���E "1+'H ��
� �� �
8
�
 � 5���%&� ����  `��� $�%)�� *-��'+P "���1b&� �� *�E1� 1nO-

 �&B
H�l �
� ���� `�����N 4�B
- *�)�1,� ���� ����:� h�1i ��
 $� 9�])� *)��'H(Saroj et al. 2008; Chen & Fane 2006).
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 �Y�) �� (5�� fY%�) D��� � (1F�	s/�/spp $�� ��-.(Borghei 

et al. 2008) 
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E �� vwB�_���=&� �)�- ���� *':n 5�
0 \��]� ���B
 ���%� �� �� .$��� ���n D��
+� �N ���� f��� �SB �l $� 3��� ��

K-1- ���
E ���18 ��B
)����$ �
� �*�� h�� ��%- �� vwB .
 ��
��� "��[����� ���0�  1��) �� �����) $s(.�� ����) ��
��� "�
��

 h�1i �� *���
� � "\l1� �
B1w+l �&�B���{ "�
�� �%B �$P
sp *&)�B 1&� � (1&�<� �m�l� _�:&)� ��\� "�1�) \�� R�Y  ��� 

e�w�N 1�1B �� �� ���� R�Y  D��
� ��<(1��3�O- ��� ��- $��
R�Y  ��]�� � ���� "������]�� K�8
� ��
&l�� �SB �� T�� Z1i

`%- �!�	 � �
� ��<( �SB "�� 1� *�1� "�� D$�� ���]�� "���
.$��� `��l *2&	1� D$� D$%l �SB "�� 

7>�3 _`"���� U��
E $0�� K#1- 
Table 1. Feed composition 

1 Plexiglass 

Chemical Materials Concentration (mg/L)
CaCl2.2H2O 5.125

NaHCO3 2.3
KH2PO4 6
ZnCl2 0.0625

FeSO4.7H2O 0.052
MnCl2.4H2O 0.012
MgSO4.7H2O 3
NiSO4.7H2O 0.02075

Ammonia-Nitrogen 3.8125
Ammonium Phosphate 4.3375

Urea 20.0375
COD 188
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Fig. 1. A view of the feeding system: 1) Feed tank, 2) 
flow equalizer, 3) membrane bioreactor 

[aA _`*��+) ���&�B U��
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H �l1�1
�F0� �=%0����
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�is�

�� �:�� ���l �:&�� 5�
0 �1�l�vw�B��� $�=� � ���
- ��:��
�+� "
<&�� ���1����+P *)��'H ��� `����N �� �Y� � ��<( *

&��<��� ���<( *���\	 "
 *�� 5�
�0 RN ��+l .��	1� "�1��
�+� "
<&����$8 �
&l�� �� ��<( �* D$� �1� RN �� �N �SB

��$B ��1'l
w� _
',� �� � 
<&�� ��5$� r� "��$�2) �P�B

*� *<��N 1� RN �� vwB ���� �%H .$�`��� �*�1�1� �$P
.�
� _�&]�� ~%B �!E �� � �&��&��1H �+H 

Fig. 2. Propylyne membrane used in the system  
[aA f`*'H "�<( D��F&B� ��
� 3'H�1H 

f`f`��(� �� �� �������� �
	�22
)�� > k>!'
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&l��
� "��$)�
�FQ- ���� 3]� 3�� .$� D��F&B� ��1�- R
%8 �)�E¢'( $�=� .�
�

���
E �� 1� *�� ���)�����1�� �� �[( �Y�) |�B� ���)F/M �� (
 ����'( $�$��� `��\��	� *���� �1��l ����l ���� ^�1��� R����%&� ����� 

��)�����1�� 1�&+l *��N "������ "�1�� 3�]� v�H �$� D$��<� ��
qppp �xppp �spppp *'� 91���h�� ��� �� 1&��vw�B .$
� �
&l���D1��� ��
�� R��%&� �
i ���	1� ��1�� "���1�� ��� �&��B

�
'B D�
- �� � �	1� ��1� `����N ��
� \) �&B
H 5�
0*D��8�
*� D��� $�� �
'�B D�
�- ���'( 1�b- KY�B ^
c
� 3�� .$�*��
`����N _
i "�� *��� �$� ��'( �]&) ����1� ��'&G� 3]� "��

*� ��1� `����N ��
� $��� 5��::,- �� ^
�c
� 3�� ���<� .�	1�
 D$�� D$��� \�) *�'Y� ��B�(Howell HCS & Arnot 2004) �� .

D1�� _
i *����$� $)�� ���� "���1��3�]� $)�� ���� � ��P�B
 ��$  �� � �
� ���������n *��N ���� �$�&�� .$� �&	1� 1�) �� D�� .

"����g COD/m3.dayx�r �Y�) � ���� �&�B ��F/M ���%-
 $��� 3��� �N *��'l ��$��:� ����&)� �� .gCOD/gMLSS.day sy/p�

py/p3]� ��'( "�1�r/z�-�/t1&� �� 91��1� .�
� 1b&��4
B �1��;'+P���� �&��� 5�
��0Steady-State ��%�+� � �
�������� 3"

'+P-�*B�1� �&�"� 1�&�� �{1� $��)�����1;��� ��$�  �� ���
rp �-r��8��|
�'B �&	1� 1�) �� .$� 
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f`e`C�!��� > !�L�B!0� �0���� �!A �!� 
���� "�1)����D��$ "1��COD �MLSS�MLVSS  �� 3a-�1�H �����

 �� ��1G&��B� �� v��H) 5��$���
�1lEPSe�� �� ( ���$)�&��B� "����
 $� D��F&B�(APHA & WEF 1999; Adav 2008) ���� `����N .

 *�� �� ^�1� �� *)�1,�s��P��B �� f�1�1&� 1� 1&�(LMH) ��� �
�'H �\	� "���<*��P��B �� f��1�1&� 1� 1&�)LMH .$�� 9��])� (

 D���� �� ���� 3&���$�2) ���n �� �$&�� *)���� "���s���:�� "�∆+ 
�Yn ��<( 1B�� � $� ���{ �'0�	 �� ���<	 D��� *)��� "����:��

D��$)� "1�.$� ∆p���<( 1B��∆p$*����) � ����� ��<	 Z!&E�
 ��'H 1�P�-. � 32)�� ��<	dp/dt D��� 3�� h&<� ��$�� �Y�B�,� .

D��$)� �� $=� "1� ���� ��S��� �� D��F&�B� ��� *�)�1,� "������ ��+� �
Je,20 = JC * 1.025(T-20) "��� "�1�rp|
��'B ��8�� �,�Q-

 �*�)�1,� ���� �� �
YP � ��� ��\� `��\	� �� .$�∆p ���<( 1�B��
�� 5$� �� �	�� `��\	� "�
i ��� �
�Y) ����� �&��&��1H �+H �l

 .�1�2� *8�1E �&�B �� D�
G�� D��$)� ��� 1i��E 3�+� ���<	 ���
Dm���� _����=� q�_����B�H
'l � $��� ���&	1� 1���) ��������<	 3����

 fS� ��� ���\	� � ��� � $��`���l *)���'H 5�
0 ��	�� ����� .
�'H ���*)���� D���� 1� "��&)� � �$&�� 32)�� � �
� �:�� �����
�%P
∆+ �&	1� 1�) �� ��<( 1B�� $��(Le-clech et al. 2003) ���� .
rD��� 9��E "��∆+ ���<) *)���'H ���� ��� �Y��) �� ���<( 1�B��
*� $��.

e`d�� > c�!
0 
D��� "��dp dt⁄ , P�-., ∆p$Z1�=� ���<( *�2&	1� �� *�
�E "���

 ����� �N �� ���<( *�2&	1� ��l "���� ��$:� �B1� � $%&�� ��8
-
*� �� �� �
� *� *	1=� ���<� �
i ���) $%%l "��q�-����� .(q

D��� �� �8
-�� 3�]� ���'( �� *�<����N "��� zrpp *�'� �� 91��
1&� *���
� }1) �sp1�&� �*)���� ��'H 1�� �� � ��:�� �����:��

 *�� ���<) � ��B� D$� �B� � �1&B� ��l f�1�B *�2&	1� ��l $���
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Fig. 3. Stepwise flux test 
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Fig. 4. Variation of ∆P0 with changes in flux 
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Fig. 5. Variation of dp/dt with changes in flux 
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Fig. 6. Variation of flux with mean pressure  
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Fig. 7. Variation of TMP with time at the higher range of 
sludge concentrations for the two suction states 

[aA�`5�1b- ���
+)TMP D�$,� 3]� ��'( �� ���� �� �� T�� "

`;� ���  �� 

Fig. 8. Effects of SMP on critical flux 
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Fig. 9. Effects of protein concentration in SMP on 
critical flux 
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Fig. 10. Effects of carbohydrate concentration in SMP 
on critical flux 
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