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Fig. 1. AFM image showing the characteristics of the 
synthesized grapheme oxide (prior to activation(
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Fig. 2. Image from the activated graphene oxide  
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Fig. 3. FE-SEM image of the graphene oxide 
nanostructure activated with HCl 
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Fig. 4. Activated graphene oxide EDS analysis 
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v(cm-1) v(cm-1)

Fig. 5. Comparison of changes in the chemical bonds of: a) GO samples, and b) AGO samples 
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Fig. 6. Effects of variations in contact time on nitrate 
removal efficiency 

 (T = 24±3 °C, GO & AGO = 0.27g/L, Nitrate 
concentration = 45 mg/L, pH = 7.5±0.2(
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Fig. 7. Effects of variations in pH on nitrate removal 
efficiency 

 (A contact time of 60 min for GO and one of 40 min 
for AGO, T = 24±3 °C, GO & AGO = 0.27 g/L, 

Nitrate concentration = 45 mg/L)  
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Fig. 8. Effects of variations in GO and AGO 
concentrations on nitrate removal efficiency 

(A contact time of 60 min for GO and one of 40 min for 
AGO, pH = 7.5, T = 24±3 °C, Nitrate concentration = 45 

mg/L)  
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Fig. 9. Effects of variations in nitrate concentration on 
nitrate removal efficiency 

(pH = 7.5, T = 24±3 °C, GO concentration = 1 g/L, AGO 
concentration = 0.4 mg/L) 
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� �*��� � �%�]� >���- ,��* K�*� �� =�
��$�2* $�) �2�
GO xY�b�[� �$�* $� �AGO XY�2b�[�(2-��1 � =$�2&�2���

- K5 �� ,�-��"�% =$�&�*�.,��- $� �% $�A��?" Oq2��K�2��

��- 4!�� +,� +�����$�% >��� �j<��2�%� > �
2 72��� =�
��,
��%� > �
 � d�:��2- +,� U��  ,�
� 2� K�2*� $� (�2"#U��2���u

[��� �btu[��
-�
- � �bo,&$� �oo/ml,&$� � !2�� +��2- �2-
 - e�2?� K�*� 0��1 ���� 
�2�XY[���
2- �2b#AGO �xY[���2b

�
-#GO  � �j< ���$�T�0"�% =�
�!�� �� �� $� �2% $�A��2?" . 
Oq����* +,"��* 1����mu,&$� � �j2<�$� =�
2�ou[���2b
U�� -��� ,�- � +,*5 !��tu[��- �2% �2b�
�2���j2< K�*,2��$ >

��%� > �
 7����- +,� U��  ,�!��4,*5 K�*,��$ .!2 �� 0"�2T
��D* �h���;�J2% K�2*� =,2* 4,2��- @j) C�� �� �� 
 =$�& J�

�
-#�$��- K�*,��$ �- K,�7��� ��AGO K5 +,�"� K��� ��2% !�
��%� > �
 �$�* $� @j)�U��  ,�- +,� E �2� =$�2& 2� ��23�� �

.!�� +��� � �����$
- �� O&�< ��� H-�A��d
2��1 �2"#� @j2) 2� 1
*f�?" ,�.!�� +��- (BA* >2�$ U��2�� �2- K�2*� 0"�%�K,2��

�
- !/�* ��D�#��- @a�) >�* $�?��5� 
� �� .,�K�2�� =����A*
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30 ���������	
������������ � �� ����

� K�*� =,* �% !�� +�����
- ��#�$ U���� �-�* K��� K,�,"� �%
�- @j) E �2� =$�& 2� �� $� � +��2/� ��- K�2*� =,2* �2P�
�2�#

E� @j) �- !/���+,� �- �" E �� =$�&�� ��� .!2�� �� 2�>2�;�>
-�* 
F����%� > �
 �$�* $� �% ,�$��2- @j) d�: ,�2� =$�2&

E�!2�� +��/� �(Naddaf et al. 2011).�2���*R2�� �2���A* ���
� �j< $� K�$�D?"�7��� =�
� e$ Q�: �"#/����+,� gR&�

��* 1f2�� ,2�2* (2��A* >�,2��-(Eslami et al. 2014) . 2-�+�R2I
 �% $�A��?" $� Oq����1� �j2< ���$�2T !�� iW�*�$� =�
2�

 e�22?� K�22*�XY!22FBG � �22b�[�zy/Y
22��� $� d
22 AGO 
22-�
-
zz/~w�2- e�2?� K�2*� 0��12 � �2- � +��2- ,&$�~Y[��� �2b 2� >
�$�%��0"�%��- � �� �yy/�z,&$� *��12 � �- {k� � ,�$�0

-��� e�?� K�*� 
��xY�1 � Z��,P* ���$�T >�� �b�[��0��2- � �� �
��/X}�$ ,&$��� �- �A-�$ $� .!�� +, 2� �12 � >��j2< �,2P* 0

��7��� =�
�AGO �� ,2�-~Y[��b6� �2- �2b�- =�2b�
�2�#�2���
�� �*� !���]� �- �$ K5 K���- ,��� !2FBG =�
��
2� �� $� =�
2�

0�%�� d�P�� � 0�%�� �2"#�2�
- � !2 $ �2 
� ���.��� !/2��
U��  �- �)�� �- ��/�� ���#�2�%� > �
�2�� 72��� ,�
B% ,2�$,��
U��/� d�P�� U�?�<��* K� 2� K� 2�� K��� =�
2� 2� � 
2B% K� 2� ��2)� 1

.�$�� 

.�=�� �%��4m,��0��[� ��DpH ,��0��� n`0Q �&���0o �04

#�� T�\� �&�)*� ����+ ! b�/ �&�)*� ����+ p%�� 

� $���*�5 �� �B<
* >�0�2" e�2?� K�2*� 4�u[���
2- �2b#> �
2
��%��� ,tu[���
- �b#�2�%� > �
�+,2� U�2�  ,4C�T=24±3�

� !FBG�=�
� tm*�B�� $� d
��2- � ,2� �2� 
 
2F� $� !2-�c 
2�
]���
pH� 4�c�
�$�% 
- K5���$
- �$�* �j<�!2 
 $�
2[ .�2�>

$� ����� Oq��.!2�� +,� ���$� �2�� e�2�� 
2-��b6� >2�� 2� $� H
�j< �$�*��=�
� 4#$�2*5 K�2*�5 ����� �- �)�� �-One-Way 

ANOVA 
�]�* g�A� #�
-pH ��* �R�:��- #$���,*5 !��
)p-value <0/05 =�
��]� ���� .(pH �j2< ���$�2T 
2��]� �2I�-

 7���AGO 4,� ��2b* 0��12 � �2- =�
2��]� >�� �T�
pH �2�~/y
�- �1 � =$�&����� �~/y��w2�"�% =$�2& �-���2-.Oq2�y

* K����� �j< �% ,"��$� =�
�pH 
2-�
-t�
2-#�2�%� > �
2�,

-�
- d�:n/n,&$� �
- �#��%� > �
�
2-�
- +,� U��  ,t�/mm

,&$� ��: +��,6* $� {k� +��-��1 ��N 0��2- +�
2% �, $�2�#�2%
 $�pH 
-�
-m/�-�
���* >2�) �$ �j2< K�1o,2&$� �
2-#> �
2

��%��� d�: ,oo/ml,&$� �
-#�2�%� > �
2��$�� (+,2� U�2�  ,
.!�� +��- �$�%��� �j<�$� =�
�pH 
-�
-l'?2�; 0"�2%�
#

�- !��� $��#�
- �%#��%� > �
��: ,�
2- � ,2&$� 
32& �2- d#
�
-#��%� > �
��- +,� U��  ,nm,&$� 2�$�.,$�,2b*pH  02b�
?�*�@j) $��K��"#+$a �#� ���2* ���� 7����2* �23�>2�� .,2�%

 2� +,��2� @j2) +��2* � @a�2) >�- 0�T�� 
- !��S��,2"��: 
�c
*�'�" .!��j��2%pH �� 
�E�2- U�2B6*pHpzc 23�* $�2- 4,2��-�

� (/� ^A� $� ��)�*�0�%�� ��P �"#�����
�D���* ����2� �2%
��� @j) $� �"#��%����*f* 
c���*� �*� .,��-��2%pH U�2B6*

�N��>�� 
�pHpzc � !/�* $�- +��* ^A� $� ,��-�* ��P���2� $� �2%
��� @j) �"#�5����*f
c!���- .!2/�* =$�& $� 
'�� =$�/I

 �6A� $�- K��-@a�)4K�2��5 @j2) #�
2- K5 O2��?� 0��12 � �2"
* �j� .��� � ,"��: ��3�� p�������
�q�� @j) � �� ���2�; K��2��>

����$�� ���* �% ! 
 �P#3�* $�-�� $���
� >�-�2: �- 7��j2<
�22* ,��22� .Z�22�A[ �22*� 22* O22*�If0�22% J"
22- 722b  @j22) $� 
c

������
�D���� ��������
�D�� 0�% J"
- � !����D�B*��2I ���
* �% !���� $� ,2���� 2�*� >�.,2��- ��2��� 02b� �2� � 
2���2"�
#

������
�D���D����� �-��*f$� ,���- 
cpH U���*X!2/�* $�2- �%
- @a�)�!�� 
��4�-�- �j< ,&$� ,���< $� ,��- 
���$� �%pH 
U���*~/y��,< �� @a�) ^A� �%#3�* $�-��$��4�j2< ,&$�

-�+,2� 
�2� !2��.�
-�2�-��2�� �2- �2)�� �2- � >���2�5 ��� 122� � {%,
+�
 �"#B*�I��2- H-�2A* @j2) !2�� >D?* +��* ^A� $� ��)�*

� 0�%���,��- 


)||(AGO-H2O + NO3
− → AGO- NO3

− + H2O

�h?"�ZE�?�<� >$�pH  �"#�- 0�%�� E�- � =$�&�!�� 

)|z(AGO-OH−+ NO3

−→AGO- NO3
− + H2O

� $� �%�>$� @j) 0"�% =$�&pH �"#� E�2- 2� )�� O2-�[ 12��
!��- �% $�A��?" .�,2� K� �$�2%��� �j2<�$� =�
2�pH 
2-�
-l

'?�; 0"�%�
#�- !��� $��#�
2- �%#�2�%� > �
2��2- d�2: ,
�
- � ,&$� 
3&#�2�%� > �
��2- +,2� U�2�  ,nm,2&$� 2�$�.,
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�������

�h���; �- U�B6* $�pH 
-�
-l�5�� K��
'#ZR�* �
B%�!FBG �- ,
,��- ����� $�9< E�-4- !-�[$��5 >�K�� � �2"��
2- =�
2�#@j2)

� K,��* 1�* 0"�% $� ,�����* @j) K�1f.,��- 
c 2�h?"�>!2BI 
��
''?�; 0"�%��$�% 
���1 � �- �j<�0pH 43�* $�-�^A2� 

� �I�- �% !�� @a�)�� ��P 2��
#�$�2% 0"�2% � �2� ����@j2)
*�.��� �1 ��0pH �1 � �I�- U�B6*�D3� 0�+�
 ��"#B*�2I�

* @a�)�* �� �� � ����* 4+,��� @j) � @a�) K� 2� �$ @j2) K�1
 2* 0"�%�,2"� (Eslami et al. 2015).U�2� $�ounu �j2< $�

*��5 @5 �� =���$5��,�@a�2) �� +��3�2�� �2-GO-Fe +,2� K�2�-
 !���- �% �1 ��0pH �� 
�E�- �-�* 4��$�2% K�1��0"�2% �j2<

N�!�� +�
% �, (Zhang et al. 2010) @j2) �2���A* $� . 2�K��2"#
�$ @
�#�%� > �
��U�� $� ,ounn $�pH�"#�2N��* 4> 2� K�1

��: +��,6* $� � +��- J% @j)�-�
���@j2) >2�K��2"#@
2�
�$#�%��!�� +��� �$ > �
 ,.(Huang et al. 2011) 

222�h?"�*R222�� >�� K�$�222D?" �222� �� O222� �
B% �j222< $� 1
6*�7�"#-5�2�%� > �
2 72�����$� ,pH 
2-�
-�
�E�2- �2-�>

!�� �j< K�*,��$�,�� �(Eslami et al. 2015).
�����
S�< 0"�_N 2* K�2����2% ,2"�AGO $� !2�� $��2[

 +��,6*pH /�����?� O?I @5�- � ,�K��2�I 2�1 ���2� (2���*
�
-#� �j<�- =�
��.��$ $�2% � �j2< d,2I�$� =�
2�pH 2���,#

7���GO * �f$� K5 K��- 
�
c pH �1����: �- ��* �$��2- K���
��c��
� 
�0�2%�� !I
� 
- 7��� !/2���2���pH 2*�
2- ,2����

- ,��- $�j
c� 0�%�� !I
����� �#$� �%pH�"#�N��>4!I
2�
E5 �- > �
 0�%���+,� ,� 
�,�% �".

.�@�� �%��4m! b�0/ �&�0)*� ����0+ >0H�I ,��0��[� ��D

,����� n`Q �&���o �4 #�� T�\� �&�)*� ����+ 

� $���*�5 �� �B<
* >�0�">� 
2 
2F� $� !2-�c �2-pH $�,2b* $�
m/�4C�T=24±3�� !2FBG�=�
2�tm*�2B�� $� d
2�K�2*� 4
2�

� e�?��c�]� 
��> �
 !FBG =�
��%���$�% 
- ,��� �j2<�=�
2�
�$
- �$�*�� .! 
 $�
[�$� ����� >Oq��.!�� +,� ���$� 

�
-#�$
-���b* 
c���$�% 
- > �
 !FBG �B�W* 
���
 �4,2�
 �2� K��2- !2-�c �-��
2� 
�!2FBG $� > �
2 47 �2"#�m/u4t/u4

o�/u�nd
$���.!2 
 $�
2[ +��3�2�� �$�2* 
� #$�2*5 K�2*�5

One-Way ANOVA 2��* �R�2:� +,2�"� K����#�
2- #$��
 #�
2- > �
2 !2FBG �B�W* g�A� � �j2<�=�
2� �2* ) ,2��-(p-

value<0.05 2* �j2< ���$�2T 
2- > �
 !FBG =�
��]� ���� .f
c
.!�� 

@a�) $�,b* 
c� `�M: $� � �j< K�1�* 
-�K�2?" =�
2� �2% $�2�
�* $�F��� � ! $ $� �% $�A��?" Oq����iW�* 1�$�2% 4!����

� �j<���%� > �
 7��� =�
����%� > �
 � d�: ,��- +,� U��  ,
�122 ���122 � @a�22) $�,22b* 0�0�$� � �22� �t/u� $� d
22��22- 
22�

�$ ��: $�,b* 
�%�,<�) ,�u,&$� �
-#��%� > �
�+,2� U�2�  ,
�l�/o,&$� �
-#�2�%� > �
2��12 � !2BI .(d�2: ,�$�2% 0���

�1 � �- �j<�BG 0��%� > �
 !F�O6* 0��1 � 4+,� U��  ,#�2"
- �$�22:
- K�22D*� � @j22) �6A22� U�22� �� 
�22��$� ��22)�* =�
22�

��%� > �
 �- U�B6*��1 � � ,�0�%�� 0�"#<��$�9< �- L�-
* �
��� �"#<��+,��% �!��(Motamedi et al. 2014) �2- �2)�� �2*� .

��$�
S ��D� >#�12 � �2% !����2�%� > �
2 !2FBG 0��� ,t/u
� $� d
��2- 
�n� $� d
2��
2� $� 
2��0"�2% (/2� +,2� 
2%a 7

$�%����j<�� .!�� +,���� >�* K��� ����2b* �2% ,"�� �2S� 
�
�K��"#��%� > �
 �� O&�<�* +,� gR&� ,�� (/2� ,��������2P

3M� O?I d�P�� .��* � U�B6* $� =$�,%�� 
2c� $� ��� O:�,2� ��2P
�� $��0"�% �P$�%���3M����,,�.(Stafiej & Pyrzynka et al. 

2007; 2008, Kandaha & Meunier 2007) 
�h?"�� $�,b* >�
2-) @a�2) d
2) ,2<�� $� +,2� �j2< =�
2�

�B�* (�< (d
 $� d
 �2* K�2�� �$ �2�"�T ,��$ p� >2�� .,2"�
 ��,2�� 
��W- @a�) $�,b* 0��1 � �- @j) !� 
� $� ��"�T ,��$

!��� ���� $�,2b* 0��12 � �2- .2[�� $� .!2�� @j) C�/�� 
�G #�"
!��� �� #���� ��,�� @a�) �* �T �-j) #�" @j2) O2?I $� ,����

- ,��?� !T
��K�� ��,�� K��- ��,6* O��� � #�"�2- =�
��=$�2&
 ,2��* ,2"��: �[�2- ���5.(Gao et al. 2012; Polshettiwar & 

Varma 2010) 
�50��* �"�* �$ (BA* >�� $�- �% ,��� 2* ^A2� !BIf
cO2-�[

��%� > �
 �)���$�,b* 4+,� U��  ,t/u�2�%� > �
 d
�U�2�  ,
�2* K���?�� �- � �$�� ��)�� O-�[ �"���- +,� >2�� �2% !23 K��2�

��%� > �
 �� $�,b*��j< !�B-�[ ,�u,2&$� � K�2���2- �$ =�
2�
 !FBGtm*�B�d
$���
2�?% �2% ���2< $� 4!2��$�� 
��>$�,2b*
� �$�*�	�$ $� @a�) �� ��,< �B/[ 
/��* � �-��* #�"n+��* d
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32 ���������	
������������ � �� ����

�
- @a�)#!FBGppmm��+,2� 	$�12 =�
2� ,2?��* .!2��#�
U�� $� K�$�D?"ount ��%� > �
 �% ,���� K�������� �- ,���2���

��������j<�,2&$� ��K�2*� =,2* �� ,2�- =�
2�t��$ !I�2�
�h?" .!��$������ ���5 >�� +��3�2�� �2- �2% ,���� Kn� $� d
2�
2� 

��%� > �
�* >"5 =�$a���� �- +,� +��� 0��N ,�K�*,2��$ �- K���
�o ,&$�#��,2< !2�j �� ,2�-o2I��2� !vu[��2b22*� �2K�
?�2�
- ���� e�#�j2<m*�2B�$� d
2 ��� 
2��!2�� =�
2��!2 � 

(Motamedi et al. 2014).

Y�i�� �%��4m��D n`0Q �&���0o �4 ,����� >H�I ,����[�

#�� T�\� �&�)*� ����+ ! b�/ �&�)*� ����+ p%�� ,����� 

������ ���� >�c���� !FBG 
�� ��$� =�
� Oq�l.!2�� +,2� �2��$�
!FBG 
c� ����A* � �B�W* #�"�=�
� K5 �j2< K�*,2��$ K�12�* 
2-

 @j2) ����2�� !2� 
� �2% ��2- !2��[�� >�� �� �%�<AGO #�
2-
� �j<�� ����� !FBG 0��1 � �- =�
���� =�
�X~��||Y*�B�d


� $���* 0"�% 
� .,-�� 
-�
����$�% >��� �j<�7��� =�
�t/u�2�%� > �
2 d
2�,

�
- � +,� U�� #��� !FBG��tm*�B�� $� d
�� 
��* �- =�
� 2� K�1
 ��,<�u,&$� -�� .,*5 !����
2- �,I >#n�2�%� > �
2 d
2�,

���� d�:mm/t,&$� ��-�$�% .���1 � �- �j<�� !2FBG 0�=�
2�
 ��tm�-nnu *�B�� $� d
�0"�% 
���2- � !2 �mm,2&$� �
2-#

��%� > �
�� +,2� U��  ,o/u,2&$� �
2-#�2�%� > �
2�d�2: ,
�$�$� .,��"�_N� �j< $� 0"�%�- =�
��O6* K�,b  !BI �2"#
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Fig. 10. Isotherms examined for nitrate removal by AGO 
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Table 1. Langmuir and Freundlich model parameters for nitrate removal by AGO 

Model Langmuir Freundllich
Parameter KL RL R2 a B R2 1/n Kf n
Value 5.82 0.9289 0.8819 0.0017 3333.33 0.8484 0.82 9.89 1.2181 
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Table 2. Adsorption capacities of the most important adsorbents so far used for nitrate removal 

No. Adsorbent Amount adsorbed Concentration 
range 

Contact 
time 

Temperature Adsorbent dose

1 H2SO4 treated carbon cloth 2.03 mmol/g 115 mg/L 60 min 25o C (Afkhami et al. 2007)

2 Powdered activated carbon 10 mmol/g – 60min 25o C (Khani & Mirzaei 
2008)

3 Carbon nanotubes 25 mmol/g – 60min 25o C (Lin & Wu 1996)

4 Untreated coconut granular 
activated carbon 

1.7 mg/g 5–200 mg/L 2 h 25o C (Ohe et al. 2003)

5 ZnCl2 treated coconut granul 
aractivated carbon 

10.2 mg/g 5–200 mg/L 2 h 25o C (Hu et al. 2013)

6 Coconut shell activated carbon 2.66×10-1 mmol/g – – 303o K (WHO 2009)

7 Bamboo charcoal 1.04×10-1 mmol/g – – 303o K (WHO 2009)

8 Bamboo powder charcoal 1.25 mg/g 0–10 mg/L 120 h 10 o C 50mg/40mL (WHO 2009)
9 Halloysite 0.54 mg/g 100 mg/L 17 h Room 

temperature 
0.2g/40mL (EPA 2007)

10 HDTMA modified QLD- 
bentonite 

12.83–14.76 mg/g 100 mg/L 17 h Room 
temperature 

0.2g/40mL (EPA 2007)

13 Chitosan coated zeolite 0.6–0.74 mmol/g 10–3100 mg/L 72 h 20 o Cو 4o C 0.4g/200mL (Ahn et al. 2008)

14 Chitosan hydrobeads 92.1 mg/g 1–1000 mg/L 1440 min 30 o C 2g/40mL (Ahn et al. 2008)
15 Chitosan beads 90.7 mg/g 25–1000 mg/L 24 h 30 o C (Eroghlu et al, 2013)
16 Conditioned cross-linked 

chitosan beads 
104.0 mg/g 25–1000 mg/L 24 h 30 o C (Eroghlu et al, 2013)

17 Pure alkaline lignin 1.8 mmol/g 1–30 mg/L 48 h 30 o C 0.1g/50mL (Eslami et al. 2014)
18 Sugarcane bagasse 1.41 mmol/g 1–30 mg/L 48 h 30 o C 0.1g/50mL (Eslami et al. 2014)
19 Pure cellulose 1.34 mmol/g 1–30 mg/L 48 h 30 o C 0.1g/50mL (Eslami et al. 2014)
20 Rice hull 1.32 mmol/g 1–30 mg/L 48 h 30 o C 0.1g/50mL (Eslami et al. 2014)
21 Raw wheat residue 0.02 mmol/g 50–500 mg/L 150 min 23±2 o C (Afkhami et al. 2007)
22 Modified wheat residue 2.08 mmol/g 50–500 mg/L 150 min 23±2 o C (Kandaha Meunier 

2007)
23 Impregnated almond shell 

activated carbon 
16–17 mg/g 10–50 mg/L 120 min 20 o C (Kandaha Meunier 

2007) 

24 Wheat straw charcoal 1.10 mg/g 0–25 mg/L 10 min 15 o C 0.5,1,1.5,2,g/50mL (Kandaha Meunier 
2007)

25 Mustard straw charcoal 1.30 mg/g 0–25 mg/L 10 min 15 o C 0.5,1,1.5,2,g/50mL (Liu 2005)
26 Commercial activated carbon 1.22 mg/ 0–25 mg/L 10 min 15 o C 0.5,1,1.5,2,g/50mL (Ahn et al. 2008)

amine-crosslinked wheat straw 87.27mg/g 100 mg/l 24h  0.1g/50mL (Afkhami et al. 2007)
27 Zr(IV)-loaded sugar beet pulp 63 mg/g – 24 h 15 o C (Dorman et al. 1985)
28 Chemically modified sugar beet 

bagasse 
9.14–27.55 mg/g 10–200 mg/L – 25-45 o C 0.1g/50mL (Eroglu et al. 2013)

29 Original and activated red mud 1.859 and 5.858 
mmol/g 

5–250 mg/L 60 min Room 
temperature 

(Eroglu et al. 2013)

30 Sepiolite activated by HCl 38.16 mg/g 100 mg/L 5min –  (Eroglu et al. 2013)
31 Unmodified sepiolite 408 mmol/kg – – – (Eroglu et al. 2013)
32 Surfactant-modified sepiolite 453 mmol/kg – – –  (Ahn et al. 2008)
33 Cross-linked and quaternized 

chinese reed 
7.55 mg/g 10–40mg/dm3 10 min 25 o C 0.1g/50mL( 0-1g/L) (Forman et al. 1985)

34 Ammonium-functionalized 
mesostructured silica 

46.0 mg/g 100–700 mg/L 60 min 5 o C 5g/L(1-10g/L) (Kumar et al. 2013)

35 Protonated cross'-linked 
chitosan gel beads 

20mg/L 10 min 20 o C (Ahn et al. 2008)

36 Nano-Alumina 4 mg/g 1-100 mg/L 24h 25 o C 1g/l This study
37 Activated graphene oxide 3333.3 mg/g 45-110mg/L 40min ROOM 

temperature 
0.27g/L 
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Table 3. Investigation of compatibility of nitrate removal processes with kinetic adsoprption models 

Ho et. al. Model  Lagergren Model 

R2qek2R2qek1

0.8938 86.95 0.01066 0.0977 3.2939 0.0225 
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Fig. 11. Agreement of nitrate removal kinetics on AGO 
and the model proposed by Hoe et al 
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Fig. 12. Nitrogen adsorption-desorption  at 77 ° K 
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