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Abstract  
Arsenic in water is one of the highly toxic elements which has harmful influences on the 
human health and ecosystems. To address this problem, single-walled carbon nanotubes 
modified with poly (allylamine hydrochloride) (PAH/Ox-SWCNT) composite were synthesized 
and applied as an adsorbent for arsenic removal from aqueous solution in this study. The 
properties of PAH/Ox-SWCNT nanocomposite were characterized using scanning electron 
microscopy, Thermogravimetric, Fourier-transform infrared spectroscopy, and X-ray powder 
diffraction analysis. Batch experiments were executed to determine the ability of PAH/Ox-
SWCNT to adsorb As from solution under various operational conditions. The experimental 
data were fitted by pseudo-first-order kinetic and pseudo-second-order kinetic models by 
nonlinear regression analysis using Mathematica software. Langmuir and Freundlich models 
were employed to describe the adsorption equilibrium isotherms. The removal percentage of As 
increased with initial solution pH from 3 to 7 while it decreased with the initial concentration of 
As. Moreover, the enhancement of contact time caused better adsorption efficiencies. The 
percentage removal of As using 10 mg of synthesized nanocomposite was more than 90% at 
pH=7 and contact time of 30 min. The adsorption experimental data had better agreement with 
pseudo-second-order kinetic and the Freundlich isotherm models. The maximum adsorption 
capacity of PAH/Ox-SWCNT was 275.07 mg/g at 298 K. The As removal percentage after 
eight adsorption-desorption cycles was higher than 65%. All results implied that the synthesized 
PAH/Ox-SWCNT could potentially be a promising adsorbent in arsenic water remediation. 
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Fig. 3. FTIR spectra of a) Ox-SWCNT and  
b) PAH/Ox-SWCNT 
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Fig. 5. Effect of pH on As removal efficiency 
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��5:�4®���3��%�O-� ¯	�3.�� ®�� �D, �D��� �D,  O � �D���P * 
Table 1. The parameters of pseudo-first-order and pseudo-second-order kinetic models 

Pseudo-first order Pseudo-second order 
k1 (min−1) qe,cal (mg g−1) R� k2 (g mg−1 min−1) qe,cal (mg g−1) R2

0.482 22.603 0.9996 0.073 23.131 0.9999 

��5:�4®���3��%�O-� '� ®�� ¯���*  ��0��� p�7-� �I 
Table 2. The parameters of Langmuir and Freundlich isotherm models 

Langmuir Freundlich 
qm (mg g−1) KL (L mg−1) R2 )mg1–1/n L1/n g–1(KF n R2

275.071 0.053 0.9974 26.094 1.842 0.9995 
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Fig. 9. Nonlinear plots of isothermal models,  
a) Langmuir and b) Freundlich  

 '��R4%�*80�®�� ^��¯#$ O-� ®�� '�¯���*(a ��0��� 
 (b p�7-� �I 

�V�1 ���* �� ����e� %* M�.�%� 
�#� �f1 ���� &-, .��� �� 

�4��4(� �5�� ��^-�� D&
+�aPAH/Ox-SWCNT 

@o�  �� 
	� �*�x3N� &�@-�* �� �V��1 ���0�� as��) %����� ���
���� �� 
?0� <�a/I Jf) ���� ��/��N A
�� ��� �� *-�(� &*�63��

 ��� ��)Homayonfard et al., 2018(.
+�,��
� ���� �8�� Jf�) &*���� �� -�*As �� h��%���

 �8�3�,PAH/Ox-SWCNT ��  -���� M��3�� O8/�� ��8�
 �� �3��� ��.�0� A�� �� *-(� &*�63��  ��AF������.� .���� -K%*

 ���8}���PAH/Ox-SWCNT 
��  �3�,�* 
������ ��/��N -���8�
 �f1 -.���I %*As Jf�) &*���� C��� .*8, &*�63�� <�=I* ��As 

63�� �� h�&*� *-�(�
� �V�1 �� -��8� e� F3I% %-� +�7*��� �%�- 

(b) 

(a) 



�i�Z +j��� ����P�	 � �#�*8 dx.doi.org/10.22093/wwj.2020.232654.3025 

145

����� � �� 	
�� Journal of Water and Wastewater 
��� ������ ����� ����� Vol. 32, No. 1, 2021 

��5:�4����e� �_��-)�f1 ��I�vAs (V) �V�1 ® % 2/34� ®�� 
Table 3. The comparison of maximum adsorption capacities of As (V) onto different adsorbents 

Adsorbent qm (mg/g) Reference

PAH/Ox-SWCNT 275.07 This research 

Nano-alumina dispersed in 
chitosan-grafted polyacrylamide. 6.56 (Saha et al., 2012) 

Graphene oxide-MnFe2O4 136 (Kumar et al., 2014) 

Cationic polymer-titanium oxide 
nanocomposite 150 (Urbano et al., 2015) 

Fig. 10. The reusability of PAH/Ox-SWCNT 
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