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Abstract  
The need for freshwater is rising rapidly, and fresh water resources cannot meet all 
human needs. People's access to freshwater is now diminishing with the increasing 
population and expansion of cities. Accordingly, the desalination of sea water has 
become increasingly important and selection and development of more efficient and 
cost-effective desalting process is a necessity. The present study was designed to 
optimize the operating conditions to reduce the effect of external concentration 
polarization on the performance of direct osmotic process. Due to the number and 
variety of parameters affecting the amount of water flowing through direct membranes 
and also with the aim of reducing the number of experiments and costs, the Taguchi 
experimental design method was used. The structure of membranes was investigated 
using scanning electron microscopy (SEM). The best performance of direct membrane 
was observed in membrane No. 1 with test conditions, concentration of molar salt 
solution, pressure head of 2 psi and pH = 9. In this condition, the flow rate of the flow 
through the direct osmosis membrane was 36.42 L/m2h. The highest flux of salt passing 
through direct membranes was 26.11g/m2h in test conditions and with the concentration 
of molar salt solution, the pressure head of 2 psi and pH = 9. By optimizing the 
operation conditions, 55.51 percent increase in the water flux was observed. 

Keywords: Concentration Polarization, Membrane, Direct Osmosis Membrane, 
Desalination, Flowing Water Flux. 
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 ���4$;. �	��" �� .����	�/�� �/> "� �),. �� ��!TFN0.1 ��
���?�40.8 L/ m2.h �����  �� )Ghanbari et al., 2015 .( 
���2
�C��A ����� �� ���7�hkfj ����%/� � Y�	��� "����

  ��")x���)��� ��8� "� '�! ����� �"�� &��")x��� �
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TiO2/GO  . ���F ����D &����� ��)�� M�?��8� Y;�� ������ ���
������� ����/� ��� &�������� &PZ��� �����" ����3��" PSF q��A "�

���� ���V� ��)�)��� 2��Y�� �����  ��� .'�G�. ��� �*��� ���! ��
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�� '������ "�*�� ��8� )���  ��")x��� 2��Y��� ����� .����8��?� ��� 
�/> TFC��
�/> TFC ����� &��")x��� '�! ���� *����/�� 
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�	�-� 2
�CA *�� �� &���$;. 5���! "�� ���� ��ON�� 2
���
�� ��4$;. ��  B$> �)���Y��GA�&����� ��)�� M�?��8� Y;�� �	�

 ���D. ��F 

�;E�� � ��#� �"
�� ���)� ���Q �� 2
�CA *�� �� ���� ��+f. �� '�! '���� 

��'2*;� &���;�! ��)��2
�CA *�� �� ���� ��� 
Table 1. Chemicals used in this research 

Material Manufacturer
HCl Merck

NaOH Merck 
NaCl Merck 

Distilled water Iran
Polysulfone polymer USA

MPD Merck 
TMC Merck 

Nc6H14 Merck 

9����$#�� *���)B	� ��Q�:)F�� 6��&I���). ��)�;� r%/�
t�� �� �O�� I?�8��0�
 ��� �� ���*�)�,. �� ���! ��Q��/> "�

 �����"� �)Z� ���@� ���� r%/��� 2&� �� .�!�������� *&
ON� I��).��)�,. �� ���! �� ��1F�I���! ��/> "� e)�� �  �B$>

'��� ���/� 0G��� ���&�pH . �� 
�
�"� \*���"� �� I��).���"� ��)�� ��$�%� wZ� ���2
���D ��F� � I��). .��"� �)Z����Q �� 2h'�! '���� .��� 

��'2�;��-: � I��.��I��. �
 �"� �� wZ� 
Table 2. 4 factors and 3 levels per agent 

Level 3 Level 2 Level 1 Factor 

0.18 0.09 0.045 
Concentration and 
Type of matter (%)

210.5 
Salt concentration 
(molar)

532Pressure (bar) 
974pH

��);� ���� ����-: �� H���� �
 � '�!��� I��. ��� ��� �wZ��
H�� ��Y���Minitab16  2����"� ����@� *��	p;
 � "���� ��)�� ��


 �����@� .���! r%��/� �����F��Q E�)��S ���� 2�����"� ���
 5�����!
2���"� &:)F�� 6�� n��� �� "��� ��)� �
��� �2���"�  ���
���� .����� I�-��8� �)��B	� ���
 �� &
�7��/���"� 5�����! &�����"�� ��

 ���Q �� 2���"�y'�! '���� ���)� *�� .��� 
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��'2�;2���"� �
 �� &
�7/���"� 5���! 
Table 3. Experimental conditions in each experiment 

pH
Pressure 

difference 
(bar) 

Salt 
concentration 

(molar) 

Concentration 
and type of 
matter (%) 

No. 
test 

420.5 0.045 1
7310.045 2
9520.045 3
930.5 0.09 4
4510.09 5
7220.09 6
750.5 0.18 7
9210.18 8
4320.18 9
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Table 4. Relative composition of materials in the 
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1 Scaning Electron Microscop (SEM) 
2Fourier transmission infrared spectroscopy 

Membrane MPD (wt.%) TMC (wt.%)
1 2 0.045
2 2 0.09
3 2 0.18
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Fig. 1. Direct Osmosis System (FO) to evaluate 
membrane performance 
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(a) 

(b) 

(c) 
Fig. 2. SEM images of the upper surface and cross-

section of membranes a) membrane 1, b) membrane 2, 
and c) membrane 3 
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Fig. 3. ATR-FTIR membrane decomposition spectrum 
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Fig. 4. Fluctuations in water flux through the 
direct osmosis membrane at different times for 

membrane No. 1 
(MPD= 2%Wt, TMC= 0.045%Wt)
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Fig. 5. Changes in water flux through the direct osmosis 
membrane at different times for membrane No. 2 

(MPD= 2%Wt, TMC= 0.09%Wt)
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Fig. 6. Changes in water flux through the direct osmosis 
membrane at different times for membrane No. 3 

(MPD= 2%Wt, TMC= 0.18%Wt)
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Fig. 7. The effect of the parameters considered at 
different levels on water flux through membranes 
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Table 5. Results of ANOVA analysis on water flux 

through membranes 
Percentage

share 
MS SS DFFactor No.

26.43 119.2285 238.457 2
Concentration 

and type of 
matter (%) 

1

49.06 221.2975 442.595 2
Salt 

concentration 
(molar) 

2

1624 73.276 146.552 2
Pressure 

difference 
(bar) 

3

8.27 37.2185 74.437 2pH 4
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Fig. 8. Percentage of the contribution of the parameters 
affecting the water flux through the direct osmosis 

membrane 
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Table 6. Optimal values of effective parameters 

calculated by Minitab16 software 

Optimum 
amount 

Optimum 
level Factor 

0.045Wt1
Concentration and type of 

matter (%) 
1 Molar 2Salt concentration (molar) 

2 bar 1Pressure difference (bar) 
72pH 

��'2[;2�A v��A ����� �8��?� H�� �� '�! &	�� @D�� v��A �� ��Y�� &

'�7/���"� �� 
Table 7. Comparison of the predicted response in the 

software with the actual response in the lab 

Value Parameter 
0.045%WtConcentration and type of matter %) 

1 Molar Salt concentration (molar) 
2 bar Pressur difference (bar) 

7pH 
36.42 L/m2.h Flow of water passing through the direct 

membrane of direct osmosis 
38.0762 L/m2.h Flow of water passing through direct 

membrane of direct osmosis by software 
4.54 Percentage error 
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