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Abstract  
Nitrate contamination in water resources has become an important issue because of the 
environmental issue and potential risk to human health. The aim of this study is investigating 
the stabilization of modified bentonite nanoparticles by cationic surfactant on pumice 
aggregates to remove nitrate from aqueous environments. Bentonite nanoparticles were 
investigated by XRD, EDAX, and SEM techniques after modification by CTAB surfactant with 
the thermal method on the substrate of Pumice aggregate stabilization and physical and 
structural characteristics of the adsorbent. In this research, response surface method based on 
the Box-Behnken model was used for evaluation of the effects of independent variables such as 
pH, temperature and the amount of adsorbent on the response function and prediction of the best 
response value. Langmuir and Freundlich isotherm models were used for calculating the 
equilibrium constants and pseudo-first and second order constants. According to the results, the 
optimum nitrate removal efficiency was determined 63.49% based on the Box-Behnken model 
in pH = 5, the adsorbent concentration of 15 g/L, and temperature 35°C. As well, the nitrate 
removal rate was increased by increasing the amount of adsorbent and contact time unless the 
removal efficiency was decreased with an increase in pH and initial nitrate concentration. 
Isotherm surveying showed that the laboratory data had better agreement with Langmuir 
isotherm and the best kinetic model of adsorption was determined by the pseudo-second-order 
kinetic model. Also, the recovery efficiency in 5 cycles of absorption and desorption was 
observed more than 85%. This study showed that modified Pumice aggregates could be used as 
an effective and economical adsorbent for pollutants elimination. 
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Fig. 3. SEM analysis a) natural pumice aggregate, b) pumice aggregate modified  
by stabilizing bentonite nanoparticles 
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Fig. 4. Elemental analysis of EDAX 
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Fig. 5. XRD pattern a) natural pumice aggregate, b) bentonite nanoparticles,  
c) Pumice aggregate coated by bentonite nanoparticles 

 ZJ�Lx��bB�XRD (a) <�����3� ���T ����(b) <�G��� [���H 
��#b3� 

(c) �����3� ���T ���� ��� I#% I)�) D%�H [���H 
��#b3� 

����/� ������ �) �����"�3�/+ ���+ �#�"  4�+ ��#=� ;� #N�)
����" I)����( ;� �!�3�/+���� ���� �� �"em4�+ ��#�=� ;� #�N�)

�� #�	z� �� .#3+ 
�) 4!��%Qxb����bB� d����HXRD 
������ �������3� 
��>��� I#��% 
��� .;�J ,B�� �)*	� 
���� 0����+ ��� 
+d��H ���" r����� 
�� 
�� �)������	� ; iR/eM<jM/ei<Rv/lv eR/QR ������";�J 

�b	) ;�
/�$ ���� ����/	��� <<k��q�#/J *�B�>�+  ���/+ 0�� 
�� N�)�#���+ �)���
�� 	)�I#���#��%.&� �)��� �	��#�	z�  �� 

d��H  ) �" ��" 4�!@� ;�J �) ��	;�q��+ 
���� I#3")��bB� d��H
 
��#b3�� �%�b� ���T����� ���� I#�% I)�) D�%�H [����H ���"

 4!%) �����3�Qxc��@� <(���=J�� ����P� I#�3") ���T����� 0����
 
��#b3�� ]'�� � � �� �����3� [����H ���" ���� 
�+ ��'����" .

 I#"�@���<)�%\�H �#% �"��) ������3�  ���B�>; 
�� r�����
 ��	;�q��+ 
����A� *	� .��� I#% ���+ oB�( I)�� 
� ������ � 

��@� �"�� I#3") [	���� D3+�0$� *�����	;�q��+.��� 

�6E6�>*"V(	��!� !� )�� =��"F� 91�,HG�)�� �( )�
;K�(6IJ$( 

6�� k��� �� *!3� [+��MQ��;�D	G�*�� ��� .#%�	.#�� .#� 
*!3��� [+���� . #��$ �)M.����� I#��% I)�) ����@� [����	��  0�B����� 

)ANOVA (�3G� ���� S�7�� *!3� [+�� .#� �)�� ��)%.#
��#=�R2I#% 4	#G�mm/R�� ��@� 
+ )�� I)�) *��� #") ���"

D�H  ���7� �3G� �b����" I#% �3�� ����"�  )��) )��$  ���) 
5�� G� �	�3�� ��@� �� .#� �)�� ��) . #�$ �) ������H �" �t� .#")
e��#=� �� ,	��u .��� I#��P;� ���+RQ/R��z��3G� ��t �� ���)
��I;�#�� (c��H) )�!/�9 � � �� ��@� I#% ���� .#") 
�� 
�$�� ���

<�	��� ��t� ���"��^��pH (A) ���) <(B) �=� <�:T��$ ��#(C) ��t�  
=������4B×B <A×A )�O��I) # ��3���� mQ/R3G�����) ��)�.

c

b

a



&)� 5�' L9M� ;��2�* ���N��� ;�OP�... dx.doi.org/10.22093/wwj.2019.172329.2832 
9

����� ��� 	
�� Journal of Water and Wastewater 
��������� ����� ����� Vol. 31, No. 2, 2020 

��)P�x]'� 
�  ���+�J 
� ���� ��@	��;� ����� 
Table 1. Designing experiments for three factors and three levels 

Predicted
yield (%)

Actual
yield 
(%)

Process variable
Run CBA

63.4963.86153051
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27.8427.9651573
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35.0435.2101555
55.8756.11103076
51.7351.3653097
57.7857.553058
49.0148.85104599
55.1855.461530910
26.4826.731015911
55.8756.31030712
55.8755.211030713
48.6649.2545714
32.0931.551515715

��)P�x[��	��  0�B��� �	��� 
Table 2. Results of variance analysis 
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0.000-3.589A
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0.5800.190C*C
0.0750.692A*B
0.126-0.565A*C
0.6160.165B*C
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Fig. 6. Diagrammatic optimization of removal of nitrate 
with pumice modified 

ZJ� NxS����	)&�
3� ;�� �� YZ������ ��I#% 6?N� [���H 



����R�	 � ������* ST�� U�#
 dx.doi.org/10.22093/wwj.2019.172329.2832 

10

����� ��� 	
�� Journal of Water and Wastewater 
��������� ����� ����� Vol. 31, No. 2, 2020 

Fig. 7. Response surface (3-D) and contour plots displayed the effect of pH and temperature on the removal  
of nitrate (a, d), the effect of pH and adsorbent dosage on the removal of nitrate (b, e) and the effect  

of temperature and adsorbent dosage on the removal of nitrate (c, f). 
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Fig. 8. The effect of contact time on nitrate removal 
efficiency with Pumice aggregate coated by 
 bentonite nanoparticles optimum conditions  

(pH = 5, temperature 35 °C, adsorbent concentration 
of 15 g) and initial concentration of 50 mg/l 
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Fig. 9. Graph of percentage removal of nitrate on 
adsorbent during successive application of adsorbent 
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Fig.10. The effect of different initial concentrations  
on the nitrate absorption capacity under optimal 

conditions (pH = 5, temperature 35 °C, adsorbent  
of 15 g and contact time of 60 minutes) 
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Table 3. Results of calculations of Langmuir and Freundlich isotherms 

Freundlich isothermLangmuir isotherm
R2nKf (mg/g)R2RLqm (mg/g)b

0.934 2.57 0.839 0.996 0.08 4.168 0.115

Fig. 11. Isothermic models of Freundlich (a) and Langmuir (b) on the nitrate removal efficiency 
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Fig. 12. The first-order (a) and second-order (b) kinetics models for nitrate removal 
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