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Abstract  
Restriction of freshwater resources is one of the major challenges that humanity has always 
been faced with. The use of treatment membranes in effluent recovery is one of the basic 
solutions to deal with this global problem. Therefore, in the present study, the performance of 
nanofiltration and reverse osmosis membranes in Assaluyeh industrial wastewater treatment has 
been compared and evaluated. The membranes used in this system are of commercial type of 
spiral woven polyamide. The effect of flow pressure and flow rate on the membrane permeate 
flux, total dissolved solids, separation efficiency percentage and membrane flux reduction have 
been evaluated. In both membranes, with increasing pressure from 5 to 7 bar at a constant flow 
rate of 720 L/h, the flux enhanced and the TDS rate decreased. The separation efficiency 
percentage of industrial wastewater using NF and RO membranes at optimum pressure of 7 bar 
was obtained 92% and 98.4%, respectively, which indicates higher RO filtration performance 
than NF. Increasing the flow rate from 600 to 840 L/h at a constant pressure of 7 bar improved 
the permeate flux for the samples. The amount of TDS with rising flow rate in NF membrane 
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showed a decreasing and then increasing trend while in RO membrane there were slight 
changes. Meanwhile, the flow rate had no effect on the separation efficiency percentage of RO 
membrane, but in NF membrane, first an increasing and then a decreasing trend was observed. 
The highest separation efficiency percentage with NF and RO membranes at 720 L/h flow rate 
was 92% and 98.5%, respectively. The study of the effect of increasing pressure and flow rate 
on the percentage of flux reduction showed that in RO membrane it increases while in NF 
membrane this parameter depends on the result of the effect of flow rate and pressure. 

Keywords: Membrane, Reverse Osmosis (RO), Nano Filtration (NF), Effluent, Comparison. 
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�3��.4� 
��� �� ���	
� �	�� ���	�� �� ����� ��� ������ �� � � !�"

�#� �� $�% &� !�" '	(�) !(*�� +�� $(�
, - !�'	� !�.	/
 '�!�� ����	� �$)�0� !�"����0�(�� �.1&� - !���(2� ��� 345

 6	� '� 7�&� 89� �� 7% $������ - ��� !.:;� ��<= �$�% ���
�
 �	�� ��� >��1= ?&� '@AB�.(Licona et al., 2018, Mekonnen 

and Hoekstra, 2016).
��	�D �.� - ���� $
����� !�&�% E�5 ��5 �� �	= �	1
� �

$� F.BG� !��-�*� - F� F% ���H= $@,� '	� '	�.= �	� .�.	�
�4� �'I
�� '� $
����� !�&�% !�" �&� >�;� �� �	5 �� ��	� !����

F% '�4�= ��
(B" �"�� ��5 F�	BJ - �.	� $	
����� !�	" !�	"
$� $(�
, - !&� �0�.=� �KH='���H	= - F% �.	1�� ��� �� $����

 ��4�� �� F%F.@9� ���� '(��� )Giagnorio et al., 2019(.
F�	BJ - $	
����� !�&�N% '�4�= !�� $0.)�0.) !�"�
��� �	"

 7% �� '� ���� �.�- $	� '@�� '	�O<= �?��	(� 7.�	��(@�� '	� 7�.	=
 �'(	B"% $
	� 7.�	��(@�� �P�	  7�.	#�% '�4�= �$
����� !�&�%

7�� '		= ���		�� ��		� �.		0�) �� ���4(		�� �		� '�4		�= �		� $		0� $
�		*0
 Q-� �$0.	� ���	1= �$������ �	� $��	*R 7.�	��(@�� �FO	� !�	"

7.���(@��.0�0 �� ���4(��S���� -T.I��U���	�� �	�.(Abid et 

al., 2011, Heberer and Feldmann, 2008, Qu et al., 2013) .
Q-� 7��� �� $��*R !�"NF -RO Q-� ��	� '� �1B0 !�	"

��� 7�����
�V% �O5 �� ��� �	�0 $=�	�@�D 	W0 �� - ��.	� KX	� �"
F�BJ '�4�= 7��% $(�
, !�" �A	�9� - = 	= �
(	B" .(Baransi-

Karkaby et al., 2019) .
- ��&Y�)Z$Q-� �	"!RO -NO '�	�.= - �	�� [	�.� '	�

+��		1D �		�� ��		� �		&0% 7-�		���-� :�� �		0� S]��.		� (		*�� �O		5
 ��.@G�U]�(�� !^0� ���_]- 	(�� F.��`]	�D �.	/
(*�� )Khedr, 2013(.

'		� ��		
a�" �"�		*R �� '(		�� �		�� �6		Y.� O		��
� ����		0� >		�;�
�B�� $;% ��.� �O5 !�� $�V�� >�B0�(J [	�#= ���	
� �� �O	J

 ?;�	� F% ��;.= [�.� - '(��� F% �� !(��� ��� �� '� �0��� $�%
$� �0.�)Escobar et al., 2000(.

1 Nano Filterasion (NF) 
2 Reverse Osmosis (RO) 

�
���RO '	� $��	#(0� $��	*R Q-� 6� $	� ���	� �� '	� �-�
'"� 6�0 !�� '(�O) !�" ���4(	�� F% $���� ��	� �	�� ��	5 �� -

'		� 7-		b� - ��=KX		� �� $		I� 		E�5 '�		, Q-� ��		= !�		"
F% ���� $	� F.BG� �� !�"�	*R .�.	�RO �D	� �	� �� F% �
���� $� �.1D �.  �� ��*� �G= ���	B� $"���� - �"� !��	�� !�	�

 ���� �.@G� cd�� �O5)Khedr, 2013(.
		:�� !.		� ��Q-� '		a#���= �NF '		"� '		�ef��		� !�d�		�

$� Q-� ��� �� .��) ��*� $;�	�D� ����	J Q-� �� 	=RO - ��.	�
 7% �� (�� ��0 �.@G� cd�� �O5 �	��.g�	" Q-� �	�� �� '	0.)

$�0 ���4(�� $10�� $������ ���� g�" �����
� ��.� $	4
� �KH	= '0.)
 h�		G� !-� 		� ����		0 �		B�� .(Van Der Bruggen and 

Vandecasteele, 2003) . 
���� �(��� �� �
��� ��� �� KX	� $"���� �V�� ��� �
0�� $��"

 '	
��� �� ?� '
��" - ��*� �7.� �O5 ���	� �	
0�� $	4@(#� !�	"
 ���
, - +��
1; �$��B0 �!���OR�� ���
, �$
����� !�&�N% 7��
 FN% 7�	� i	0 ��	��� F% 7�	� i	0 �$�����	� !�"�	
��� �$��OR

� '�4�= - $������ ��#� ���4(�� FdE���� �	��.(Ahsan and 

Imteaz, 2019, Lv et al., 2019) .
���
Y 7.
��= j�	1=�� �� �"-ZJ !�"�	*R �	I@�D �	�RO -

NF �4�= !�� - k@(#� $=��@�D h��� ��F�BJ l�.0� 'i�	m0� �	"
 ��� �� 7���I�" - 3��5 .��� ���UfUS !�"�	*R �� ���4(	�� �� �

��� 7��� k@(#� !�"��*� ���'�4	�= �� !&	� Fd	E�� �	0�n .
)��	� '	� �&0% ��"�!4	�= F%�'�� �� ��	��'	
 ��-�	*� �.	� !.

�		(0�o%� '		� �		� p#		*� �		&0% �"-Z		J��		
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0 [��
� W0��.� FdE����B���@� �W@R�����?	B@� -�?
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)Hafiz et al., 2021(.
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���-�G� �r� -s���	5 �>�B0�(J ��	*� �� $=�	�@�D_��	� id	D�
 .�0�� �	*R '	� �	� p#	*� �&0% ��� o��(0!NF �O	5 �	�@��2
Sff ���� �� $		�2�- F�		BJ �� ��		� 		@� ���-��		�" !�		,�����

�*R �� �O5 +��2 '� $;�5!RO �-�5t_'	� �,�� .�	�% �	��
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�	*R �� �O5 �,�� �"�� �&0%!RO ��	m�� F.	�� �	� h1=	� ��
 $������ �*R !-� � ����0�n .(Ainscough et al., 2021) .

��� � �-dD �0�	��� - �	��� ��	� ��UfUf !�"�	*R ����	� �
RO -NF T�		1; Fd		E�� '�4		�= !�		� �� $�.		��		0�n $		��� .

�	� 	��� $=�	�@�D h��	� ��(&�pH ���	��u/w$��	*R ��	*� �
SU��		� �		�� �_fT.�		B@� '		��� 7�		�� $		�� -U'		b�2� 		� 		(�;
'� '� �0�� Q���) 7�:*"-ZJ ��� .��% ���pH >��D ��=KX�

 $	�� - $=�	�@�D ��	*� 7.	Y $@��.	D '	� $;�	5 �� .�	�� �O5 �
�KH= 7��� $�� �F.	�� >�I*= �	0��� .(Kaya and Dayanir, 

2020).
'� �	���� - �.*� �� ��) - �40 ���� ���
� �.�- >�;� !�	"

, ��;-� !���(2� $��	�-(J ���
 '	b9
� -� �� �.	*� ��	�� !�	"
��� ���(� '�.@BD - &*"�� !���(2� �Z�- �� '	b9
� -� �	�� .�	0�

o�@  ��
� '(�) ��2 T��� - �	0� '	� �.	��� �.	/ 	� �	&0% �	�;���
h�		G� ���� ��		10� '		� �� $		=�K� Q��� �		� ?(		B��.�� �		�� �		B�� 

)Davoudi et al., 2014(.
-T�			B5 '			b9
� �			�� �� ���			� F% �.			1�� $			�/ ��

6*  $;�� �.*� �� �I� !�" Fd	E�� - F% '�4�= '� ���0 !�	"
 '(B�� �� $(�
, - !&���n ��	*�J '	� '	�.= �	� .�	�� !�	"

��		� i�		m0� $��		*R !�"�		
��� �!^.;.
I=.0�		0 - �		*R '		
��� ��
'� ��� �� $I� 7�.
D >5��	�0 �	�� '	� x	��J !�� $;��(5� !�" �	�� 

���!�-�
� �$0�����% F% ��;.= �� '� $��*R !�" 	�� >	�;� �� ���4(
 �	I@�D 	(�� �m; ��;.= - (�� $������ ��.� !(	*�� '	� �1	B0

?(B�� �	0��� �.	��� !������ !�".(Bergman and Bergman, 

2007) .
��:*�V�J F�BJ '�4�= $� �" �	��� �0�.= �	
0�� $	4@(#� !�	" 

?m5 �"�� F%F�BJ �"�� ��"�
��� �� $��� !�" ���.	;% !�"
'
��" �"�� '	�@#= �	�4�� �.	1&� �FdE�� !���&:0 - �
��� !�"

i�D - FdE�� h�	G� $)�.	;% 	� $	4
� �KH= �	��� '(	��� �	B��
.(Davoudi et al., 2014) .

�����
� '� �"-ZJ ��� ��$��� !�"�	*R +-�	4= - �	I@�D
RO -NF �	��"� '	� �� '( ��J '�.@BD $(�
, F�BJ '�4�= ��

 ��		�� ���
		, '		 Y '		� F% �		*)��� - �		�5� �� !���		B� !�		"
h�G� [�#= �� !�).@� ��
a�" - !��-�*� .���� �B�� 

536�� � ��0� 
 
53�37�8!'�9 � ��0� 

���:(	�� !�-�- P��.	  !�	� ��"-Z	J ��� �� �� ���0.	�� F% -
F% $(�
, F�BJ ���� ��	
a�" .�	� ���4(�� '�.@BD .
��� ��

 �*R���� T.I��RE4040-BE 7.�	��(@��.0�0 -NE4040-90 �
�� ��� � �� !�CSM [	�0 ���	��% '�4�= ��:(�� �� �	� .

'� �"�*R ��� $@J y
� �� ��� '(��� g�J��� +�., '
�	*�� �	� �	��%
 ���m3/hr z{/|'G4	, �-�� ���	��� �� !�inch |×|z89	� -

�*R ����m2{/~�0�.� W0��.	� ��:(	�� �� ���� � �-dD . 6	�
'� $
�� (@�� - $0-I�� (@�� ��D ��	J 7�.
D !�-�- F% '�4	�=

'� �*R '� ��B2 ��� .�� '(�) ��� 7�	#� 6	� >��� ��:(�� !�"
6
  ?(B�� '� �&m� $(�
	, F�BJ ��

� !�	� V�	� ��	*� �	�J �

V�	� ��	*� '	W4G� ��*R '� !�-�- F% ���0��.� ��*� ���H= !�	� 
�7% 7-�� �		*R 7��� ��		2U����		0� !�		� (�.		@� ��		D $		�� !		�)

 ��	*R �� $	�-  $(�
	, F�	BJ - ��	� '�4�= F% 7���_��	D
'� $1B0 o
���*� ����	0� !�	� [	�== '	� !�-�- !�"��	*� !	�)

V�� ��*� ��J ��	� '�4	�= F% ��	*� - �	*R '	� ��� ���D� ��*� �
�	*R �� $�-  �	�� ���4(	�� ��:(	�� �� $��	�0 . ��	� >I	� ���
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Fig. 1. View of: a) image of the device used in the 
experiments and b) schematic of the laboratory apparatus 

including: 1- tank with cooling system, 2- pump, 3- 
barometer, 4- carbon filter, 5- micron filter, 6- high 

pressure pump, 7- membrane chamber, 8- flowmeter, 9- 
refined flow, 10- concentrated excreted flow 
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Fig. 2. Effect of pressure on the NF and RO membrane's performance including: 
a) permeate flux, b) TDS and c) separation efficiency 
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Fig. 3. Effect of volume flow rate on the NF and RO membrane's performance including:  
a) permeate flux, b) TDS and c) separation efficiency 
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Fig. 4. Changes of obstruction percentage of RO and NF membranes with variables: 
a) volume flow rate and b) pressure 
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