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Abstract  
Discharge of toxic metals such as cadmium (Cu), lead (Pb), and zinc (Zn) in the 
environment can impact the quality of air and water.  High concentration of these toxic 
metals larger than the regulated concentration in the air and water can pose serious 
human health risks.  The aim of this research was to investigate the removal of these 
heavy metals (Cd, Pb and Zn) from aqueous solutions by using a multi walled carbon 
nanotubes modified by chitosan as an absorbent agent. To perform the experimental 
study, nitrate salt of heavy metals solution prepared with distilled water was used.  
Factors examined for the removal efficiency of heavy metals in this study include pH, 
absorbent dose concentration, retention time, and the initial concentration of heavy 
metals. All analytical analyses were performed according to standard methods. Also, the 
infrared spectroscopy (FT-IR) and scanning electron microscopy (SEM) used for 
identification and modification of the absorbent. The results obtained from this study 
showed that an increase in pH, retention time and initial concentration of heavy metals, 
also increased the adsorption efficiency rate. The optimum heavy metals removal 
efficiency was about 75% and that occurred when pH =7, retention time =120 minutes 
and the initial concentration of heavy metals =20 mg/L. In addition, plot of Langmuir 
and Freundlich adsorption isotherms for heavy metals showed that the adsorption 
process mostly follows the Freundlich isotherm. The limited data obtained from this 
experimental sudy, it can be concluded that using carbon nanotubes modified with 
chitosan as an absorbant agent is an effective method for the removal of heavy metals 
(Cd, Pb, and Zn) from aqueous solutions. 

Keywords: Carbon Nanotubes, Chitosan, Heavy metals, Water and Wastewater Treatment,  
Adsorption. 
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Fig.1. Structure of MWCNTs/CS 
45��1�D�D�,,  #*0 ����#�K � %=� E]C� % �=U =�L (���2 �� 

3 Crosslink 

www.SID.ir

www.SID.ir


Arc
hive

 of
 S

ID

�!! ��� +#���V +�*�V ��� ... dx.doi.org/10.22093/wwj.2017.52540.2170 
35

����� � �� 	
�� Journal of Water and Wastewater 
��� ������ ����� ����� Vol. 29, No. 3, 2018 

T1HG, � I&�JK 
T1*1	�.�.K�K P�;W.n@ �!

�D�D�,, �����2(�  � %=� %�/#0� �� 
d�7g�Y �0 ��,  ������ '%
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(FTIR) %V#�0� �FT-IR  spectrometer  4=�	Perkin Elemer  
F�.=� �#G� ��"�� � �����	T��� ����7�%��� �<, %=� 

Fig. 2. SEM images of pure MWCNTs  
45��1���)�SEM �D�D �,, % �=U =�L (���2 �� 

Fig. 3. SEM images of MWCNTs/CS 
45��1���)�SEM �D�D�,, ����#�K � %=� E]C� (���2 �� 

.-0� �  ��
T�� ��8	 '�����  ��	��J�R5 ���  ��,  ���� ���
=C � IG�  �8	 7() h��	 �=��cm-1  � .-�0� ( T�����=�,��

Y �� e���	�=,�C-O-C Y  ��61cm−����71cm−���� T��.
$<��;-0�%7�F . ���� e���	O-H 7N-H ,�Y  � ���61cm−

���� ;$<	�.-0�i���Y 
�=,�C-H  D���/�	 �  6( � ���� 

Fig. 4. FT-IR spectrum of MWCNTs 
4_�[1�D�D �,, �	�. �7�	 "�� %=<, E]C� (���2 �� 

Fig. 5. FT-IR spectrum of MWCNTs/CS 
4_�c1�D�D�,, �	�. �7�	 "�� ����#�K � %=� E]C� (���2 �� 
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�1�17Z�pH 

T�����P�pH V��0 3����G O[�5  ��!�0�� 
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(	 .=��  �pH��37/#	�'�'�'�'�'�����V��0 3����G�
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��G��dpH  �����	 '��U ����7 �[�G�����d�� � 7 -G 

Fig. 6. Removal efficiency of heavy metals with respect 
to change in pH 
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�V�0 3���G O[5 =C � �� 

%�7=8	pH  ����������=�,	 -��P )Lu et al., 2006 �#, .(�u
I8� � �H5 ��D9	�.� �� -I�9	 %=� +?,� p

��D9	  � ��7�D7 ��#&� ��2 -�0� %=�� > ���F �� �B�� 7�

	���� ��� �[U��D�D�,, �����2(�� � %=� E]C��� 
���	��


������	 �b2�=5 7���� �[U �����D�D�,, ������2(% �=�U =��L
 �R2�� � %=�� =pH  �����������)-�0� %����Vukovic et al., 

2010(.#,�� u��I8� 
�����G� �� ��2 p�dpH , �[�U �	=�,�  �� �
��G��Y d���D9	 '-0� %��2 �= � �  �H5��Q	 =(.=�2 

T1T1o��- :��S 7Z� 
�� �� xY 
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�d�� ��	� ���m���
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.��� 

Fig. 7. Removal efficiency of heavy metals with respect 
to change in contact time 
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)Lu et al., 2006(.#,�u�j, 
�� ��  �K[	 d�7gY ���G� �� �2�d
��U -j�k'	�� ���#<�����0 4��� ���	 �= �� 7 �[�U ���

��G��-0� +�` �[U �	=,�  d'.� �� -I�9	 �H5 ��D9	 � 
D7��(� O[5  ��T�G xA_�$� �#�0�Y 7 4�G 
��2 !0�� ���	

��G� � �2 ��� �<,���G� O[5 �	=,�  'm�� �	� d��	 d(�=��
 �����	�  � 7��� .��� �����I��#����<�T����C5 O[����5 
=����� 

)Kosa et al., 2012(.#,�ud�7gY �� ��H5 d�7g�Y �D7��(7
� �� -I�9	 �� B�� �K��  ���G� ������2 ��D�D�,,  �=I	 d( �

U O[����5 �	=����,�  '4������8	�����������G� %��d�-����0� �����#G 
(Zazouli et al., 2013).

T1[1�m�6 O76 7Z� 
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��/��=C � �#�2 7 %����+�U  � O[5 =C � 
��� 	���(+��F
D  ��7 ��G �� e���	 �#������ ��/��=C � .-0� 

Fig. 8. Removal efficiency of heavy metals with respect 
to change in absorbent mass 
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Fig. 9. The effect of concentration of metals on heavy 
metals removal 
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Table 1. Determinant coefficient (R2) for adsorption of 
heavy metals (Cd, Cu and Zn) by carbon nanotubes 

modified with chitosan 

Metallic ion 
Langmuir 
isotherm 

Freundlich 
isotherm 

R2 overlap coefficient 
Zinc 0.8947 0.9565 
Cadmium 0.7409 0.9559 
Lead 0.8547 0.9598 

Fig.10. Plot of Freundlich adsorption isotherms for zinc 
4_�*j1�7  ��G ���� ��D=,7�G �[U +��7���  ����, 

y = 2.0528x + 0.0073
R² = 0.9565

-0.5

0

0.5

1

1.5

2

2.5

-0.2 0 0.2 0.4 0.6 0.8 1 1.2

L
og

q e

Log Ce (mg/L)

www.SID.ir

www.SID.ir


Arc
hive

 of
 S

ID

�!! ��� +#���V +�*�V ��� ... dx.doi.org/10.22093/wwj.2017.52540.2170 
39

����� � �� 	
�� Journal of Water and Wastewater 
��� ������ ����� ����� Vol. 29, No. 3, 2018 

Fig.11. Plot of Freundlich adsorption isotherms for 
cadmium 

4_�**1_�	�2 ��G ���� ��D=,7�G �[U +��7��� 

Fig.12. Plot of Freundlich adsorption isotherms for lead 
4_�*"1��G ���� ��D=,7�G �[U +��7�����0 
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�D=�,7�G �[U +��7�����U�� ��

� ����H ���� �#<�,��v�� J(R
2��G�� �[U =� �C�� �#&��"

(	 =�K �D�D�,, 7�����2(��G  � %=�� E]�C����� �[�U =�� �� -
���#<�� ���� N�, 
�.=, �� +��7� 

Fig.13. Plot of Langmuir adsorption isotherms for zinc 
4_�*T1�7  ��G ���� ���V,` �[U +��7��� 

Fig.14. Plot of Langmuir adsorption isotherms for cadmium 
4_�*[1_�	�2 ��G ���� ���V,` �[U +��7��� 

Fig.15. Plot of Langmuir adsorption isotherms for lead 
4_�*c1��0 ��G ���� ���V,` �[U +��7��� 
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R² = 0.9559

0

0.5

1

1.5

2

2.5

-0.2 0 0.2 0.4 0.6 0.8 1

L
og

q e

Log Ce (mg/L)

y = 2.1386x + 0.1834
R² = 0.9598

0

0.5

1

1.5

2

2.5

-0.2 0 0.2 0.4 0.6 0.8 1

L
og

q e

Log Ce (mg/L)

y = 16.571x - 35.776
R² = 0.8947

-50

0

50

100

150

200

0 2 4 6 8 10 12

qe

Ce

y = 22.342x - 41.822
R² = 0.7409

-50

0

50

100

150

200

250

0 2 4 6 8 10

qe

Ce

y = 28.196x - 59.341
R² = 0.8547

-50

0

50

100

150

200

250

0 2 4 6 8 10

qe

Ce

www.SID.ir

www.SID.ir


Arc
hive

 of
 S

ID

�'��  ���� ����S�� 	 5 �� dx.doi.org/10.22093/wwj.2017. 52540.2170 
40

����� � �� 	
�� Journal of Water and Wastewater 
��� ������ ����� ����� Vol. 29, No. 3, 2018 

�i�� 7�V��0 3����G O[�5  � %=�� �#�0 ��U `� �	=,�  
�

7  '��0�	�2 7����  � _�&� !��,�, �� %�/#�0� '4���. � ��	 ���

�D�D �����2(]C� % �=U =�L � %=� E����#�K 	(�� =,��� ������

 ��B�� ����,��, 7 
���7 '����0 O[��5  � d$�=�	���2 7��� _
8	�!����(F  ��. %�/#0� � �	�.�� 

References 
 Boparai, H.K., Joseph, M. & O’Carroll, D.M. 2010. Kinetics and thermodynamics of cadmium ion removal by 

adsorption onto nanozerovalent iron particles. Journal of  Hazardous Materials, 186 (1), 458-465. 
Bailey, S.E., Olin, T.J., Bricka, R.M. & Adrian, D.D. 1999. A review of potentially low-cost sorbents. Water 

Research, 33(11), 2469-2479. 
Ekinci, E., Budinova, T., Yardim, F., Petrov, N., Razvigorova, M. & Minkova, V. 2002. Removal of mercury ion 

from aqueous solutions by activated carbons obtained from biomass and coals. Fuel Processing Technology,
77- 78(1), 437-443. 

Gibicar, D., Horvat, M., Logar, M., Fajon, V., Falnoga, I. & Ferrara, R. 2009. Human exposure to mercury in the 
vicinity of chlor-alkali plant. Environment Research, 109(1), 355-367. 

Girginova, P.I., Daniel-da-silvia, A.L., Lopes, C.B., Figueira, P., Otero, M., Amaral, V.S., et al. 2010. Silica 

coated magnetite particles for magnetic, removal of 2Pb + from water. Journal of Colliod and Interface 

Science, 345(2), 234-240. 
Herrero, R., Lodeiro, P., Castro, C.R., Vilarin, T. & Vicente, M.E.S.D. 2005. Removal of organic mercury from 

aqueous solutions biomass of the marine Macroalga Cystoseirabaccata. Water Research, 39(14), 3199-3210. 
Igwe, J. C. & Abia, A. A. 2007. Adsorption isotherm studies of Cd (II), Pb (II) and Zn (II) ions bioremediation 

from aqueous solution using unmodified and EDTA-modified maize cob. Eclet. Quím., 32(1), 33-42. 
Kosa, S.A., Al-Zahrani, G. & Abdel Salam, M. 2010. Removal of heavy metals from aqueous solutions by multi-

walled carbon nanotubes modified with 8-hydroxyquionline. Chemical Engineering Journal, 181-182(0), 
159-168. 

Li, P., Feng, X.B., Qiu, G.L., Shang, L.H. & Li, Z.G. 2009. Heavy metal pollution in Asia: A review of the 
contaminated sites. Journal of Hazardous Materials, 168(2-3), 591-601. 

Lu, C. & Chiu, H. 2006. Adsorption of zinc (II) from water with purified carbon nanotubes. Chemical 
Engineering Journal, 61(4), 1138-1145. 

Ren, X., Chen, C., Nagatsu, M. & Wang, X. 2010. Carbon nanotubes as adsorbents in environmental pollution 
management: A review. Chemical Engineering Journal, 170(2-3), 395-410. 

Shamspur, T. & Mostafavi, A. 2009. Application of modified multiwalled carbon nanotubes as a sorbent for 
simultaneous separation and preconcentration trace amounts of Au (III) and Mn (II). Journal of Hazardous 
Materials, 168(2009), 1548-1553. 

Stephen Inbaraj, B. & Sulochana, N. 2006. Lead adsorbtionon a carbon sorbent derived from fruit shell of 
terminaliacatappa. Journal of Hazardous Material, 133(13), 283-290. 

Tofighy, M.A. & Mohammadi, T. 2011. Permanenthard water softening using carbon nanotube. Sheets 
Desalination, 268(1-3), 208-213. 

www.SID.ir

www.SID.ir


Arc
hive

 of
 S

ID

+#���V�!! ��� +�*�V ��� ... dx.doi.org/10.22093/wwj.2017.52540.2170 41

����� � �� 	
�� Journal of Water and Wastewater 
��� ������ ����� ����� Vol. 29, No. 3, 2018 

Vukovic, G.D., Marinkovic, A.D., Colic, M., Ristic, M.D, Alesksic, R., Peric-Grujic, A.A., et al. 2010. Removal 
of cadmium from aqueous solutions by oxidized and ethylenediamine functionalized multi-walled carbon 
nanotubes. Chemical Engineering Journal, 157(2010), 238- 248. 

Yan-hui, L., Ze-chao, D. & Zhao-kun, L. 2004. Removal of heavy metal from aqueous solutions by carbon 
nanotubes: Adsorption equilibrium and kinetic. Journal of Environmental Sciences, 16(2), 208-211. 

Yardim, F., Budinova, T., Ekinci, E., Petrov, N., Razvigorova, M. & Minkova, V. 2003. Removal of mercury 
(II) from aqueous solutions by activated carbons obtained from furfural. Chemosphere, 52(5), 835-841. 

Zazouli, M.A. & Veisi F. 2013. Modeling bisphenol a removal from aqueous solution by activated carbon and 
eggshell. Journal of Mazandaran University of Medical Sciences, 23, 129-138. (In Persian) 

Zazouli, M.A., Yousefi, Z., Taghavi, M., Akbari, B. & Yazdani, J. 2013. Cadmium removal from aqueous 
solutions using L-Cysteine functionalized single-walled carbon nanotubes. Journal of Mazandaran 
University of Medical Sciences, 23(98), 37-47. (In Persian). 

Zhu, J., Deng, B., Yang, J. & Gang, D. 2009. Modifying activated carbon with hybrid ligands for enhancing 
aqueous mercury removal. Carbon, 47(8), 2014-2025. 

www.SID.ir

www.SID.ir

