
.dx.doi.org/10.22093/wwj.2017.53258.2188 
79

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

�����
���� ����� ����� Vol.29, No. 6, 2019 

Investigating the Efficiency of Functionalized PAMAM-

GO Nano-Composite for Nitrate Removal from Aqua 
Solutions 

A. Alighardashi1, Z. Kashitarash Esfahani2, F. Najafi3

1. Assist. Prof., Faculty of Civil, Water and Environmental Engineering,  
Shahid Beheshti University (SBU), Tehran, Iran  

2. Post-doctoral Researcher, Faculty of Civil, Water and Environmental Engineering,  
Shahid Beheshti University (SBU), Tehran, Iran 

(Corresponding Author) health.engineering@gmail.com 
3. Assist. Prof., Dept. of Resin and Additives, Institute for Color Science and Technology,  

Tehran, Iran 
 

(Received May. 8, 2016      Accepted Jan. 14, 2017) 

To cite this article : 
Alighardashi, A., Kashitarash Esfahani, Z., Najafi, F., 2018, “Investigating the efficiency of functionalized PAMAM-

Go nano-composite for nitrate removal from aqua solutions.” Journal of Water and Wastewater, 29(6), 79-90.  
Doi: 10.22093/wwj.2017.53258.2188 (In Persian) 

Abstract  
Due to the high solubility of nitrate in water, conventional treatment methods fail to 
remove it. This research investigated for the first time in national and global level, the 
efficiency of functionalized PAMAM-Go nanocomposite for nitrate removal from 
aquatic solutions. GO was synthesized by modified Hummers method. AFM images 
were used to characterize the GO and the AGO. Experiments were performed in a batch 
reactor and the main factors of pH, reaction time, and concentration of PAMAM_GO 
were investigated. The highest removal efficiency was obtained as 84% at 5 mL/L 
functionalized PAMAM_GO, pH of 3 and 25 min reaction time. The results showed 
that nitrate removal by functionalized PAMAM-Go nanocomposite is directly correlated 
with nanocomposite concentration and contact time while it is inversely correlated with 
pH and initial concentration of nitrate. It seems that ion exchange between nitrate and 
chloride is the main mechanism of nitrate removal by functionalized PAMAM_GO 
nano composite according to functionalization of PAMAM-Go using hydrochloric acid. 
This method can be used as a suitable method for in situ treatment of nitrate and many  
pollutants in water and wastewater, due to its easy operation, no need for high levels of 
expertise and sophisticated equipment, no need for large space of construction, low 
initial investment, low price, availability of raw materials, simple synthesis of graphene 
oxide and  easy  to functionalize. 

Keywords: Nitrate, Graphene Oxide, PAMAM_Dendrimer, Nano composite, 
Functionalization. 
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Fig. 1. AFM image of GO 
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Fig. 2. Image of PAMAM-G2
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Fig. 3. AFM image of raw PAMAM-GO nanocomposite 
(not functionalized) 

Kc��9��
��AFM (#�B� 	%�*
�+) [�2 #�8 9��3 ��'
�
�.
��� '% 

�� 	$ 6�% �J$�V
 
Ct�Ct0 ��1�
' 	$ ��4�� ���%�� '% n7 �%���� ��*R 0����

t���+% �� ����� 	$ .�3% �4a 1�
' 	$ ��J�% �%���� ��*R �
�(��Q��% ��$�:
 (�%	�. #�8	%�*
�+ ��'
�
�.
��� PAMAM- GO 

�	�
U 1

'U '% #$�4�3% �� One-Way ANOVA [�� 	%9�%SPSS-

16 .���� 	%�/ �!��:
 $	

 

�9N75 � O+�DC 
�9�9M$Bc@ >� Kj�& O+�DCAFM '+�%E� #��)R 

Y�	AFM $��	��. 6�%��� �%
�2 6��V� � (��3��8 �%�� �$���'
 �������� '% #$�4���3% ���� %����' $	%$AFM (��
 ���� 1%
��� 1%9���
 (�
��2
�/	� 1�8 ��X ��X � (���.%�7 .$�. 6��V� %	 (��%�� ��� 6���N��

#'%��% ���X 6��% �
�Q�- C�/$ ���� Y�	 6��% E��. ��� ����� ���



;#�
l��D
��� +#���D +)��* ... dx.doi.org/10.22093/wwj.2017.53258.2188 85

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

��� ��
���� ����� ����� Vol. 29, No. 6, 2019 

1�A
% .�3% ��=7 ��6��% ��� #�;+	Y�(�
 � ����' $	
�
 	$ 1%
��
 $%


����� �����3 (�����.%�7 � G���'
� #
��D� � #$���
 �
M��3 (��
��

 ��
��� .$��. �����/ 6�%��� ]M3 ��	 �� #�8 ��'
�
�.AFM 
��!�% ��8 9���3 6�%���#(�
 1��B� ��� ���$ 	��2��3�� ���X ���X

��X 6�� �
�Q- ��uu��

��� <w8) �3%s(.

�9�9Z!!{
3 �u�!!�@ P�!!�> P�!!�F�" p�)!!$$i@ )$[�!!@ A!!��)5

PAMAM- GO p�)D$C }d& A+���k )5 

@��
'U '% �*?�
 6�% 	$ ��	$pH �$�V
s��
$C��±oq ��*R �
�%����lu(*�
 �� �����J 	$ [���^��
%	��7 �$ 1��
9�� �%����F� ��H

 ���*R �`��� 1�
'PAMAM- GO �%����� \=�? (�%	��. ���
 (3	�� $	

8 	$ z���� 6�% .���� 	%�/<Al.�3% #�8 �O%	% 

@���
'U '% ��*?�
 6�% z���� <�*D� ��� �	��
U 1
�
'U L�3
�
One-Way ANOVA [���I�%��8 \;���2% z������ 6���% ���. �

����V
($%$ 1����B� %	 `������ 1����
' "���*�Q
 �
M���3 �%����� �	%$ 
)p-value<0.05��F� �+�� `��� 1�
' �%���F� (�V� .(�	�� �%���(

�%���� \=? (
$
8.(�
 1�B� z���� �� 	
M���� @�%9��% ��� ���$
 �� `��� 1�
'�u��*R � �:�/$PAMAM-GO ��u(*�
 ����J	$

(
 @�%9�% �%���� \=? (�%	�� ���J .���� 
<A8l(�
 1�B� �%����� \=�? ��. ���$	$�u��� ��% ��:�/$

 �	
a �$��' �+�3���� 0��8 � \=? 	%�:
 1�
' �8=� �� �
. 	%$
�� @�������
% 6�% . (
� ��%
���%����� ���*R @��. <�J$

 \=�? ���J�% <�?%�
 	$ .��8�� TW��, ]M3 	$ ��V� c�:� @��. �
1�A
 ��3% `���3$ 	$ �$���' (J��2 ��� ��� �6��% 1��
' ��8=�
1�A
 �
A*
 L3
� �� (�
 ��F�8% �%����� ��� �	
�  ��� ��
�8 ��.

 `��� 1�
' 	$ �%���� \=? (�%	��ruR � �:�/$ ��*u(*�
 ����J
	$ ���J PAMAM-GO �u�a	$ ��� `���� 1�
' @�%9�% �� � $
�
�u �:�/$���� (�%	��� 6�%�l��a	$ ����� @�%9��% '% n�7 ��u

1�B� �. �8%=� @��. �� �	 �:�/$ �%���� T=,%� #���$�3%.
(
 1�B� z���� 6�% �. ��$PAMAM-GO ���
 	$ �3% 	$�/

#��
. 1�
' �� �&!� ��� ����3 TW��, ���� \=�? TU '% %	 �%�����
.����� (��  '%@��
'U ��(
 1�B� ��$ 
 ]M3 �*+ �� �.P�H<��/
�,
� PAMAM-GO 	%�:
 �u(*�
 ����J	$����JPAMAM-GO 

�� � $	%$ (�,
� <��/ (�$'�� (
 1���� % '% 	%�:
 6�% �. �4� 1%
� 
PAMAM-GO �*��/���\=��?�l��a	$ ������ 1
��%� � %	��

Fig. 4. The effect of simultaneous changes of PAMAM- 
GO concentration and contact time on removal efficiency of 
nitrate (pH = 3 ± 0.2, T = 24 ± 3 OC, nitrate concentration 

=45 mg/L) 
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