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Abstract  
The application of hydrophilic nanoparticles to modify the surface of the membrane is one of 
the suitable approaches to improve the properties of thin-film composite membranes, 
particularly for the removal of heavy metals from aqueous environments. In this research, a 
thin-film polyamide nanofiltration membrane with porous polysulfone substrate was prepared 
by TMC and PIP interfacial polymerization technique. To modify the surface of TFC 
membranes and produce new TFN membranes by a nanoparticle coating method, graphene 
oxide nanoparticles modified with 3-aminopropyltriethoxysilane were dispersed in EDC 
solution as an activator of functional groups, and then were layered by coating the surface of the 
polyamide membrane. Physicochemical features using scanning electron microscopy, Fourier 
Transform Infrared, water contact angle, and hydrophilicity to assess structure, morphology as 
well as tests of water flux and rejection rate were evaluated to estimate the performance and 
efficiency of the synthesized membranes in the filtration system. The findings indicated that 
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increasing the concentration of nanoparticles improves the hydrophilicity nanocomposite 
membranes compared to neat TFC membranes. Functional results and membrane filtration 
indicated that the amount of neat water permeability of the fabricated membranes increases with 
increasing concentration of graphene oxide nanoparticles from about 42 L/m2.h for TFC 
membrane to 95 L/m2.h for the membrane containing 0.1 weight percent of graphene oxide. 
This trend shows the positive effect of nanoparticles on membrane water permeability. 
Furthermore, the rejection of cobalt heavy metal with increasing pH from 3 to 8 for all 
membrane samples has an upward trend, so that TFN3 membrane has the highest rate of 
rejection (98%) of heavy metal compared to other membranes while the amount of flux with 
changing pH and increasing the concentration of nanoparticles, has a decreasing trend. So, this 
technique can be applied as a new and effective method for the removal of heavy metals. 
 
Keywords: TFC Membrane, TFN Membrane, Surface Modification, Graphene Oxide. 
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1 Fourier Transform Infrared (FTIR) 
2 Scanning Electron Microscopy (SEM) 



����O�	 � P�� Z��O  dx.doi.org/10.22093/wwj.2022.320706.3214 

21

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

�����
���� ����� ����� Vol. 33, No. 3, 2022 

Fig. 1. FTIR spectrum of graphene oxide and graphene 
oxide nanoparticles modified with APTES 
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Fig. 2. FTIR spectrum of TFC and TFN membranes 
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Fig. 3. Water contact angle of TFC and TFN membranes 
with different concentrations of nanoparticles 
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)b) (a(

)d) (c(
Fig. 4. SEM images of a) TFC and b, c, d) TFN membranes with different concentrations of 

graphene oxide nanoparticles 
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Fig. 5. Pure water flux and contact angle of TFC and 
TFN membranes 
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Fig. 6. Comparison of cobalt heavy metal rejection rates 
of TFC and TFN membranes at different pH 

;,�p0��J"�:"
��?m��!. 76�I� �
]�4 ?�	�*�SY)TFC $

TFN ��pH �$�0�" 

�020+#Mq5pH m( )�E#� +4 
%� 	@S�� 9� �aZ 38: 
A >���?
"m���!. )�*��SYTFC $TFN&)�
�� �� ���� )��* 
)?��	Co (II) 7�@�Y ����ppm ��� ��� ���J" �� Z����� ������� ��

0�"��$�pH 2���<"�&�$�S!��" �� ���J" .�*�m���!. )�
��
 )�SY $� 
*TFC $TFN $ ���T�!��! 7@�Y 


�� ��pH .�����

�1��?	�7	���� .�� �� )��;pH 
��
��&�� $ ��
�S
�pH 
���
�
����J" ��
���m��!. -�*�S" �� �
�e�* .�>pH )�* 2���<"�
$��J"��m��!. $ ��>��! q6�� )�SY �� 7I:! )���. ��


��

 7��H n�I�
J� ��� 
����/ �� $������ +D/���� �=��pH 
��
��
�
4� ��IP� .������ �" �� +D/ -$
3 &��j ���*
�"���� �� ���� )�*

 &G�4 ��"��pH m �v�� A
 S� $*.� .�
�� '
�=�� �F��4 )�
 �	
;pH ��� #DB �� �4�4� 1J! ?
! )�*Co(II) ����&��)�F!

 


�� ��pH ���T�!��! �F��4 d���� 
� 2��F"GO &?
6$���
* &
m �v��� A
 �S� $ #��4�Co (II) 7�4� 
Hc�".(Wang et al., 

2011) .
�� ����! �� �B�� �� ��?�
" ��
���� -��"8 74� m�� ��!. ��pH 


��
���" ��� �� �"8 74� �� �� ��� ��>�� ������� A�
6� ��� ��!���
��� �
� )�
4� E
F" )�*H+7���4 a/�,� 
4 
� 76�I� $)��*

 ���T�!��! #D�B 2��<	GO ��" )$� ��*� )Yu et al., 2014(��� .
 1��?	�pH 7��4 &���T�!�! 7@�Y $���T�!��! )$� #D�B )��*

 #D�B )�
�� %.� ���
F" )$
�
! �� 5
���4�$
� 6� ��T�B $ �	�
3
��� �" \*�
	 �� )?�	 )�* �� ?
! ���pH �� $1��?�	� ).��� )��*

��� #DB 7
	
� ��IP� ���� 
"� ��� �[
�! �" )?�	 )�* .���> ���
V���" �� �B��&��� a6�Y K�! �� 7�6�I� )�*pH .� 
��S
��/���� 
#�4� A >Co(OH)27�4� )Wang et al., 2011(.���
����� ��

pH .�1
�������� ).���� E
��F" $����� 1��?��	� A��
6� ���0�" )���*
 ��� #��4� A
 �S� �� A���� &2��F" �� A
:�$��
* 1����$ A�
6�

��� * )�* �� )����. ��
�

�� m�� -�> 
�S
� 76�I� $ A
:�$��

��� #DB ���J" ��! ��[�� 76�I� )�* �" ����H ���J" �� $ ��> �4�

)Chen et al., 2012(.

�0�0#Mq5+pH � +4#)�E 6��+5 9+IV(� �aZ9
%� 	@S�� 
f$�
� ��> .� A=�/ ����! ���� )$�/ Z���� 2��F" )
�D� )��*

 �� 76�I�pH A > �� �$�0�" )�*�`����" .7�4� -�> -��� ��S!
f$�
� ��> A > 2��F" )
�D� )�*��SY ��* )�
� �* TFC $TFN 




�� ��pH .�����1*��7	�� f$�
�� ��> �� )��; �� &)
�D��
�� )�SY )�
� a
�
� TFC .�����L/m2.h ��)��SY &TFN1 .�

�� ����L/m2.h ��)���SY &TFN2 .�������L/m2.h ��)���SY $
TFN3 .�L/m2.h ����L/m2.h ��1*�� 7�	�� -�*��S" A�
6� .

�" �� �!$� ��� ��SY G��4 )$� �0�" �F�4 )�*��� ��[�� �� ����
 1��?	� ��pH � �
� 5
���4�$
� 6� ��T�B 1��?	�$�����	 )�*�)?

3 $�-$
 �"�� )�*�>�! ��	� .� ��! ��$?����T�!�GO =��> QR�-�



+!' �
�)��2!��
��� ���S XY) J9K� �* ���8 ... dx.doi.org/10.22093/wwj.2022.320706.3214 
24

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

��� ��
���� ����� ����� Vol. 33, No. 3, 2022 

Fig. 7. Comparison of permeability of TFC and TFN 
membranes at different pH 
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Fig. 8. Evaluated of the flux TFC and TFN membranes 
with respect to time 
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Fig. 9. Diagram adsorption capacity of cobalt ions TFC 
and TFN membranes at different concentrations of 
graphene oxide nanoparticles (temperature: 25 °C, 

pressure: 8 bar, cobalt concentration: 100 ppm, pH=7) 
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