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Abstract  
Wastewaters containing heavy metals produced by industries has detrimental effects on the 
environment. One of the effective methods for removal of heavy metals is the use of adsorption 
method by nanoparticles. The aim of this study was to remove zinc and nickel elements from 
effluents of Tarom industrial Town of Zanjan using modified multi-walled carbon nanotubes. In 
this  descriptive-analytical study, effect of effective parameters such as contact time, adsorbent 
content, pH, temperature and concentration of metal ions on the removal efficiency of metals 
from Ni(II) and Zn(II) from wastewater and isotherm, kinetics and thermodynamic models of 
adsorption process was investigated. SEM and FTIR spectrums were taken to prove nanotubes 
and to determine adsorbent factor groups before and after preparation, respectively. The results 
of study showed that the absorption of Zn and Ni metals is highly dependent on pH. Study 
results showed that by increasing the pH of effluent up to the range of 8, and 7 for Ni(II) and 
Zn(II) metals, respectively, the removal percentage of metal ions increased and then decreased. 
By increasing in the adsorbent amount and contact time, the removal percentage of metal ions 
increased and by increasing the reaction temperature and concentration of metal ions in the 
effluent, the removal percentage of metal ions decreased. So that, the highest removal 
percentage of Ni(II) and Zn(II) ions was obtained in adsorbent value of 2 mg/L, contact time of 
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120 min, concentration of 100 mg/L and temperature of 15 °C. The results also showed that the 
adsorption of Ni(II) and Zn(II) metals from effluent follows Langmir isotherm absorption model 
and the adsorption kinetics is adapted to the second-order pseudo-reaction (R2>0.98), this 
mechanism is controlled by adsorption. Also, based on the obtained results, with increasing 
temperature, the free energy of Gibbs system standard decreased, which indicates the adsorption 
process is done spontaneously. The maximum adsorption capacity of nickel and zinc metals was 
43 and 54 mg/g, respectively. According to the results, it is concluded that modified multi-
walled carbon nanotubes have good ability to remove nickel and zinc from effluents and can be 
used in wastewater treatment containing heavy metals. 
 
Keywords: Carbon Nanotubes, Heavy Metals, Adsorption, Wastewater, Purification. 
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Fig. 1. Geographic location of sampling location 
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 �� �'	��:��&7#�CY�#�

�� 0��;+�# .#���#���T�	 F�!+&� -# jL������� � ����7���
�#�� ���+�D[�J� � ����kA"$ ����������� )� ��'M	 �� �� �

��%�����# ������� ���+����	� �� )D�[k� ����� i���&'� 
�� 2�	~�&7# �:�������������� . � �&7#���4 0�� ������ F

J� W��$kA"$ �����B ¡?L -# 0��;+�# �� � �	 �����#G���!+&�
 0�#����� ���7pH ���� ������pH J�kA"$ �������� 0��;+���# �0����#�����

��#�� �!+&���������� jm� . �	� �� � �[�� ����� i���&'� 
�� 2�	kD!B C�� �� �:�� ����Vuković et al., 2010).( 

�� �9#�# ����# a#��L�j�I[-# 0��;+��# ���XRD Rigaku 

Ultima IV ��� FL#E ��!7 �B���G�#�� .��C��� ������ 2�Vc#
 0���	� -# ���� � �V, Jg�� -������*$��	�����+I# ��I����I�k

N���	EM-3200 ���{?  .���� ���+��
����� F�$ � 2���Vc# ����T�	���� F
0��
 � �'	�:�0��	� -# ��� � �V, )Jg�� -�����+B��� wK��# �

1�����+	�+���+Im����# ^�G���	�, C������	}0�9+����� ����� -#FTIR 

spectrometer N�	Perkin Elmer .�� �+��
 	��?$���	-��@��  
M	 ����	-� W�0�9!�	� ���k�����i��&'� �T'6 .�� 3�H�#

9�� 2#G'��0�9+�� -# 0��;+�# �� FICP  N�	ES-710 @H�� ��� .
�#�"	�C�� �G'��N���$ C�	- �� 0�� J5�)mg/g(qe����� �
J5��C�� �G'����$�$�-# 0��;+�# �� X28���	Q���V���M	

 ��Kumar, 2019)(

)Q(q� = ���"�A�	



)�(%Removal = ���"�G�
��

× 100 

C� �� �7 
Ci�Cf����� ����T'6 X����$�$ ������# �����  ��G���'� C����� �������� 

(mg/L))VN��'M	 UH%(L) )MJg��� 3���)g()qeC��� �#��"	
 ) N����$ C�	- �� 0�� J5�mg/L ������ ��	#�: .���# ( 0��� ��

 @ �YL F�#pH �#�"	 � 2#G'� �T'6 )@�7#� ��	� )i�?$ C�	- )

1 X-Ray Powder Diffraction (XRD) 
2 Scanning Electron Microscope (SEM) 
3 Fourier Transform Infrared Spectrometer (FTIR) 

F�� N��;�# � ��� �9��94 J5� 3�$�G�# .��# Jg�� 0��	 Jg���
J5� U&� ��	 l��!$ #� 0���� N�'M	 -# �'%�	 F�# �� .��7 ���� 

 �T'6 ��QRR )�RR )�RR )rRR �mg/L�RR 0��;+��# �G�'� C��
3�$�G�# -# J5� N�	 �� C��� �L �#�� .�� ��?9�8 �� (Mu'azu  )

et al., 2020, Zubair et al., 2017) q������(Dehghani et al., 

2015, Rao and Rehman, 2010) F���I?$ �(Şeker et al., 

2008) 3�$�G�# �#�� �AB ����	 .�� 0��;+�# ���?9�8 ��  �����	
�)q������ � ���	�F�I?$ �����	���# 

)�(��
��

= �
��IJ

C� + �
K×��IJ

)�(logq� = logKM + �
� logC�

)�(q� = B?LnK? + B?LnC�

���� �� �7 
qeX�&%�� Jg��� 3�� �%#� �� 0�� J5� 0��	 �#�"	mg/L )Ce

J5� 0��	 �T'6 C���� -# jL N�'M	 �� ���� X�&%�� N���$ ��
mg/L )qmax J5�� �T'6 ��7#�% )0�����b0���	�� ���?9�8 ����c

�	 .���n�kf���c .��+�&  q������� 3��$�G�# �� n3��$�G�# ��
 �#��"	 ��
# .�����
 J5�� 2�� #� q������n/1 ����� �;�� ���#��

�!
�� ���#�� F�� �
# )��5L�� �$ �;�Q��+
�G� �
# � J�'A	 )����
 -#Q.����# J�'A	���� )������BTX��&%�� F���I?$ 3���$�G�# �����c

kj/mol �kT�����L ���c��# ���M�	 -# 0��;+��# �� .qeX�&%��
lnCe �	���c C#�$ 3��$�G�# ��� BT�kT��� #� � X��� -# X��$�$

 F���$ ��M�	 #�V	 -# ��: ���7 X���O ��&��"	 . F����$ ���� ���
��M�	 U�� -# 0�	� ��$�G�# -# D� �  �� 3��	 )��  ��� ���#�$ C#���:

0�#� z�VA$ �#�� �V���	 ����	 3�$�G�# � ���H$ ��  ��  0��� C���� 
U�	 -# �I� .���� @�L )J5� U+&�� �%#�1 �#�� �	#�: F��$ ����

�	 N�+�7 U+&�� D�+��� W��$ �7 ��# J5� ���#�� �:�� .���
 �9+�&� Jg��� 0���	 ����?��� � ��I�G�� `#�B �� J5� D�+���

��#� ��	 �#��, N��+�7 ��M$ #� J5�� ��7�-��� �7 ��� .�� � ���T�	
���c )J5� 3G���I	 ����� ��	 #� J5�� ���  -# 0��;+��# ��� C#��$

 �V�� ��V$�	 3G����I	 )C��
�
8 �����	 ) N�#Lagergren, 1898 � (
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�V��� ���V$�	 3G�����I	 )���  ������	 3��(Ho and McKay, 1999) 
N�# �V$�	 ����	 �AB 3�� .��7 �V��M	 ������	 r��# 0�� �f#�# 

)r(log�q� − q,� = logq� − OP
+.RSR t

C� �� �7 
qeN����$ ��TM �� 0��� J5�� 0��	 �#�"	(mg/g) )qt0���	 �#��"	

 C���	- �� 0���� J5���t(mg/g) �K1J5��� N�����$ �:���� �����c
) N�# �V$�	min-1 (��# ) �#���?� ��
# .qe-qt(log X�&%��t#����

#����	-� W� �9!�"+�&	 W�B )���� U��� �T����	�?��������
	���	 �7 ���:��� ���c C#�$K1��O ��XF����$ R2# -# #� �� F

�V����M	 �#����?�����7 Lagergren, 1898)���{?  .(���AB 3���� F�
�V� ����	 �V$�	�� 3�� 2�������	 S�#�

)S(T
UV

= �
W%UX%

+ �
UX

Y

C� �� �7 
qeN����$ ��TM �� 0��� J5�� 0���	 �#��"	 (mg/g) �K2����c

 J5�� N����$ �:�� �V�� ��V$�	 3�� (g/mg.min)  U��� ��� .���#
�#��?� t/qtX&%�� t �:�� ���c K2X��O �F���$ R2�� ��� 

�	 ��� (Ho and McKay, 1999).
�	�: 2#����y$ )jV��
 �#-� �E���# �����	 �I�	������	�$ ��� 

�	 #� �L��+�� � �m�+�� ��� N����$ ����c 2#����y$ -# 0��;+�# �� C#�$
 �V���M	 � ������ ����$ ��% �� �	� ���7 �#-� �E���# 2#����y$ .

�� J5� @�7#� jV�
 �'�������	 ��	 �V��M	 ��� 

)�(∆G0 = −RTLn	Kd

C� �� �7 
G0∆y$��E��# 2#��)N�E �%#� �� ��#���+�# �#-� R	��?: ����c�

�#��"	 �� � -�
�Q�/������ N��	 ��� N�E i���&'� �T��	��
���� i��# �� z'A	i��&'� � N���$ ���c .��#�-# 0��;+��# ��� G

����	 n	 �V��M	���� 

)n(Kd = 	 Jg��	0��		��	0��	J5�	F�9��	G'�	�#�"	
N�'M		��	0���?�,��	F�9��	G'�	�#�"	 × 	

�

C� �� �7 
V	 i��# �� N�'M	 UH%�'��� �+mi���# ��� Jg��� 0���	 3�� 

#����� .��# 3�
��� Fy$��0-#��# � �	� �
���N����$ ���c �V��M	 �
	�y$ C#�$��E��# 2#��y$ �� #� ��#���+�# �#-� ��� �� ��	� 2#������

 � _��1 -# .�������AB �#���?� U��� ���� ��9�y$���E����# 2#���#-�
 D�?7 ��� ��	� �� ��#���+�# �����	 QR�	�y$ C#��$ ��� �L��+�� 2#��

y$ � J5� ��#���+�#��m�+�� 2#����7 J�&% #� J5� ��#���+�# 

)QR(∆G0 = ∆H0 − T∆S0

�� ���$ �� ����	QRAB �#��?� U�� �� )�y$��E���# 2#���#-�

 ��#���+�# ���� jV�#�� -# 0��;+��# ��� )��	� ��� J5�� ����)W�B X

y$��L��+�� 2#���y$ )#�V	 -# ��: ��� 2#� m��+���#���J5�� ���
	 �V��M	����Mobasherpour et al., 2011).( 

14KL+ � M2�N@ 
�+��@H�� e� �+	#��L���G�I�t��?����N��� �� J�&L ��Q

1 .��# 0�� �f#�#�^XRD ������ � ����7�� ��4�wK��# 0�#�
#�� -# ��� � �V, 0���� 2#G'� J5� ����� � �I��I� ���C�!�

0�#� .��# 0�� 
i��# �� F�#�I�)�D�*P!	 �A"� �%0�� ���#- ���θ�-#

r/��C���!� ������ 0���� � ������ 0����
 ��� ������$���&7#�CY�#� ��
������ � �����7�� ���4 �� 0��� wK��# 0�#� L ���D�� �S/�R)

�/��)r/�S������� ����	 ��� J5�� G�'� ����L��D�� �
S/����/�n���� ����	 ��J5� G'� ��W��$ �I ������ �� �

���7�� ��4�wK�# 0�#� 0�� ��#.
��*$��SEM ������ ���7�� ��4���� � �V, 0�� wK�# 0�#�

 �I��� �� 2#G��'� J5��� ���?: -#�0���	� �� .����# �I����ta)
������� �V�������� �� �B#��I �� �����7�� ���4 �� wK��# 0�#�

 N�1 W��+	 �� 0��Qn�$nm �n���, 0� �!	��# .
���I� x�� �tb��tcy$ ��� ���&M	 2#�����	 ���E���

������ Jg�� � ���7��� ���4 �� -# ���� � ��V, 0��� wK��# 0�#�
��� 0� �!	 ���, J5� �?: � 2#G'� J5� -# C�!� �7��� � ��I�

������ lA� �� � ����7���#.
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��"E(tJ�&L ����?���I�G�� �� �+	#��L �T'6 W��+	 
Table 1. Average concentration of physical-chemical parameters of effluent 

Method of analysis Unit Mean Parameter 
St.M.pH.Value-B t7.5pH 

St.M.2540-Cmg/L2196TDS
St.M.2540-Dmg/L326 TSS
St.M.5220-Dmg/L320 COD
St.M.5210-Bmg/L250 BOD5

St.M.2130NTU120 Turbidity
St.M.2550oC25 T

St.M.3030-Amg/L3.27 Ni
St.M.3030-Amg/L4.13Zn
St.M.3030-Amg/L0.25Pb
St.M.3030-Amg/L0.14As

Fig. 2. The XRD spectrum of several modified carbon 
nanotubes before and after the absorption process of 

nickel and zinc metals 
8>�-t^�1XRD ������ � �V, 0�� wK�# 0�#��� ��4 ����7 �� 

��� � �I�� 2#G'� J5� ���#�� -# ��� 

1�^FTIR ������ � ����7�� ��4�0�#� 0�� wK�# ���� � ��V,
�� 2#G'� J5� -#�� ���I� �� �I�0�#� C�!� C��?  .��# 0�� 

��1 �	 0� �!	 �7��� 2#G�'� J5�� ��� ������ ��lA�� ��� ��I
������ � ����7�1 �I� )�^FTIR y$��L ��.��7 #� 
L������ O-HL �����D��� �cm-1 ��Q� �cm-1Qr�R 1��� ^
J5��I�� L ��D� ���S� �cm-1 Qr�n 1 ���J5�� ^x�� 

�+��
 �#�, L .��#����C-H L ���Dcm-1Q��� 1�J5� ^�I�� �
L�Dcm-1 Q��� 1�J5� ^x�� �+��
 �#�, �!!7 a��$�# .��#�

L C��"+	�� � C��"+	�����Ni-O L �� ��D�� ��S� �cm-1 rQ� �
!!7 a��$�#�L C��"+	�� � C��"+	����Zn-O L ���Dcm-1 ��� 

�#�, �+��
 .��# 

c) b) a) 

Fig. 3. a) SEM image of modified multi-walled carbon nanotubes before adsorption, b) after absorption of nickel 
and c) after zinc metal absorption 

8>�1ta(���*$SEM ������ )J5� �?: -# �V, 0�� wK�# 0�#��� ��4 ����7 �� b(� �I�� G'� J5� -# ���c(��� G'� J5� -# ��� 
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Fig. 4. Infrared spectrum of carbon nanotubes before and 
after zinc and nickel adsorption 

8>�3t������ G	�, C���	 ^�1 -# ��� � �V, ����7 ��  
J5� �?: �I�� � ��� 2#G'� 

Fig. 5. The effect of pH on the efficiency of the removal 
of metals NI(II) and Zn(II) by carbon nanotubes of 

modified walls under conditions: temperature=25 °C, the 
initial concentration of nickel and zinc, 3.27 and 4.13 
mg/L, respectively, absorbent amount of 0.1 g/L and 

contact time 60 minutes 
8>�nt�c#pH 2#G'� _5% ��#��7 ��Ni(II) �Zn(II) W��$

������ �	� :W�#�� �M$ 0�� wK�# 0�#��� ��4 ����7 ��  ��#�� 
°C���� ��� � �I�� ���# �T'6 )X�$�$�S/��Q�/��'�	 3�
��

)�+� Jg�� �#�"	Q/R3�
��i�?$ C�	- � �+�rR�"�,� 

�� ��T�	 ������c# pH ����#�$��Jg�� #���_5�% Ni(II) �
Zn(II) -#)J�&L �	-��@� ��pH� �Q�$Q�3��H�# ���.��+��e

���� �#� C�!� _5% C�� � �Ni(II) �Zn(II) W��$ ������ � �
���7�� ��4�0�#� wK�# �� 0�� $�$�X�$pH ��#����pH ���#��S

@�#G�# �jm� ��@�#G�# pH )N�'M	 @ �7 �	���I��) �����(.
#�F�� Z�O�	 #�F�����# �7��� MA��2#�g���� ��pH �+!�� 

;�	��$	���� �C�� � �Ni(II) �Zn(II) ��� MA��+V�	�)���#� 
�� +���H��g�� $�+�#��+I#�I���F���� #G�#�@	����� �7#��?: F

�H�	 ��#G�#�@#��7��_5% \	��� Wang et al., 2021).( 
�+��e.��� @ �YL�� C#��I? �� G�C� �9�� ���# ��7 ��#���7 
_5% C�� Ni(II) ������ W��$ �� �����7���� @�#G��# pH ����-

\	 ��� Yang et al., 2009).( 
�+��e�� @ �YL �� C#��I? �C� �9����# �� �7 #G��#�@pH 

-# Q���G'� J5� )��������� W��$ � ����7���� 0��� wK�#
 ��'7��������#G�# U�@��+�� ���0���M	 pH N���	���$ QQ

���c ,���	����	)Lu et al., 2006) .( 
�+��e@ �YL D���7�� �� C#���I?  ��G��7 �#� C��!� ��+���F

	�C#G #�� J5�������� � ����7�wK�# 0�� ���$#�F'���	#�F
��pH ����#��n��	 ����� ��� � ��%���7#� 	����C#G J5��� #�����

������ � ����7���4�����0�#� &7#��0���M	 �� 0�� �pH N���	
r�$QR,���#� �#� Vuković et al., 2010) ��+� ��� z�VA�	 ��7 (�e

@ �YL F�# ��#.
�� ��T�	 ������c# ��� Jg��� �#��"	 ���#�$��_5�% Ni(II) �

Zn(II) -#������ W��$ J�&L � ����7�� ��4�)0�� wK�# 0�#� 
���	-��@���  ��0�����M	 RQ/R)R�/R)Q/R)�/R)Q��3���
 ��

�3�H�# Jg�� 0��	 -# �+ ��.�I� rC�!� 	�� � �7#��7��_5�% 
2#G'�Ni(II) �Zn(II) #G��# ����)Jg��� �#��"	 @\�	 ����- ����.
��7#�% _5% C�� � �Ni(II) �Zn(II) ��0��;+��# -#������� �� �

���7�� ��4��� 0�� wK�# 0�#� $�$ ��X����R����� �������
�	�.��#G��# ��#���7 @��#G��# ��� J5���)Jg��� 0���	 �#��"	 @
\	 C�� ���- ��#�$ C�I	 � ����� Jg�� lA� �� J5� .(Balarak 

et al., 2014) Kumar et al., 2011,.
�+��e@ �YL N#���
� �� C#��I? ��9�� #G�#�#��7 @��J5��
� G'��#G�# �� �I�Jg�� �#�"	 @������� �� �����7�� ���4 �� 0�#�

 0�� wK�# ��#)Agarwal et al., 2016).( 
�+��e@ �YL x�9�� C��!� �#� ��7 ��� #G��#�@)Jg��� �#��"	 
���� _5% 2#G'� )j	 G�9�	 ����W��$ ������� �� �����7�
� ��4�#G��# 0�� wK�# 0�#��@���+�� ���#(Rodríguez et al.,  )

2020) �7��@ �YL F�# U �#�B���#�.
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Fig. 6. The effect of adsorbent amount on the efficiency 
of NI(II) and Zn(II) metals removal by multi-wall carbon 

nanotubes under conditions: temperature=25 °C, the 
initial concentration of nickel and zinc,  3.27 and 4.13 

mg/L, respectively, pH equal to 8 and 7, respectively, for 
NI(II) and Zn(II) and 60 minutes time 

8>�st2#G'� _5% ��#��7 �� Jg�� �#�"	 �c#Ni(II) �Zn(II) 

������ W��$ �	� :W�#�� �M$ 0�� wK�# 0�#��� ��4 ����7 ��  ��#��
°C ���� ��� � �I�� ���# �T'6 )X�$�$�S/��Q�/��'�	 3�
��

)�+�pH ��#����S���#�� X�$�$Ni(II) �Zn(II) �
i�?$ C�	-rR�"�,� 

�� ��T�	 ������c# i�?$ C�	- ����#�$��Jg��� #����_5�% 
Ni(II) �Zn(II) -#)J�&L �	-��@� ��C��	- �� �i��?$ QR��$
Q�R ,��3�H�# �" ��.�I� SC�!� 	�� � #G�# ���)i��?$ C��	- @

� _5% �����G\	 ���- )��� ����1 ���7#�% �7 _5�% C��� �� �
Ni(II) �Zn(II) W��$ ������ � ����7�� ��4�0��� wK�# 0�#�

�� i�?$ C�	- Q�R �"�,������ � .�	��#G�# ��2#G�'� _5�% @
#G�# ���	 #� i�?$ C�	- @����� C#��$�C��I	 ����� -# �� ��# �� �

�B��#�
 C��� 8�� � Jg�� lA� ����% �T'6 C� ��&�#� 0�����
.(Farghali et al., 2017).

#G��# �� 2#G'� J5� C���	 ���c � _5% 3�:�i��?$ C��	- @
��	 #� �+!��$���� C#���V�# -#�� Z��I	 C��C�� �W���$ Jg��� 

2#G'�)�������,� ��,���9��� 2#G'� F���&�#� F.(Bankole 

et al., 2019).
���+��e���� @ �Y��L #���� ���7 �#� C���!� C#����I?  ��3���?$

�	-��@	 )� �J5� C#G�� C��G�# �� 0#�?  �I#���� i��?$ C�	- @
#G�# �:���	 @��	#�� �� jm� � �����	 N����$ ���% �������

Lu et al., 2006)�+� �� zVA�	 �7 (�e@ �YL F�# ���.

Fig. 7. The effect of contact time on the removal 
efficiency of NI(II) and Zn(II) by multi-wall carbon 
nanotubes under conditions: temperature=25 °C, the 

initial concentration of nickel and zinc, 3.27 and 4.13 
mg/L, respectively, pH equal to 8 and 7, respectively, for 

NI(II) and Zn(II) and absorbent amount of 0.1 g/L 
8>�St#��7 �� i�?$ C�	- �c#��2#G'� _5%)Ni(II �)Zn(II W��$

������ ��  ���7�� ��4�0�#�#�� �M$ 0�� wK�#�W�	� : ��#��C°25 )
�# �T'6�����I�� ����$�$�X�S/��Q�/�	�'�3�
���)�+ pH 

�� ��#����S$�$ ���X#���)Ni(II �)Zn(II �
Jg�� �#�"	Q/R3�
����+

�� ��T�	 ������c# �T'6 C�� �� �G�'����� ���#�$��Jg��� 
#���_5% Ni(II) �Zn(II) -#)J�&L �	-��@��  ��T'6 �� �� �

QRR �$�RR '�	�3�
 ���+� �������.�+��e�I�� �� 0��� �f#�#
�C�!�\	� � �7���� _5% C�� � �Ni(II) �Zn(II) ��0��;+�# 
-# ������ � ����7�� ��4��� 0�� wK�# 0�#� @�#G�# �T'6 G�'�

 J�&L ��\	 U7 ���.@ �7��#��7 �T'6 �� _5% �� �����- ��� )
#��� �7 ��# �': F�0�9 �� ��� ��7 J5�� N�����Jg��� lA��

 8� W���$ ���#� �#�,�0��� Z�V��# 0��� ���#.(Ehrampoush et al., 

2014) �+��# e�-# @P� F@ �YL ����� G@ �Y�L.(Salim et al., 

2008, Gupta and Nayak, 2012) �"��A	��#� .
��T�	 �� ������c# �	���� @�7#� ��#�$��Jg�� #���_5�% 

Ni(II) �Zn(II) -#)J�&L �	-��@� � �	� ���Q���$ �R����� 
i��&'� ���������.��+��e�� 0��� ��f#�# �I��n�#� C��!� ��7 

���� _5% C�� �� �Ni(II) �Zn(II) ��� 0��;+��# -#������� �� �
���7�� ��4��� 0�� wK�# 0�#� @�#G�# ��	� @ ��7 �	������.#��F
C#�� ��	���# �7#�����J5��)#-��	�
 � ��G��I����# @ ��7 . 

L���0���J5)?+%#�u8� ���#�� F�����# 7����	��� ����$8���)
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Fig. 8. The effect of metal concentration in the 
wastewater on the efficiency of removal of NI(II) and 
Zn(II) metals by multi-wall carbon nanotubes under 

conditions: temperature=25 °C, 60 minutes’ time, pH 
equal to 8 and 7, respectively, for NI(II) and Zn(II) and 

absorbent amount of 0.1 g/L 
8>�rt2#G'� _5% ��#��7 �� J�&L �� G'� �T'6 �c#Ni(II) �

Zn(II) ������ W��$ :W�#�� �M$ 0�� wK�# 0�#��� ��4 ����7 �� 
 ��#�� �	� °C�� i�?$ C�	- )rR)�"�,�pH ��#����S���#�� X�$�$

Ni(II) �Zn(II) Jg�� �#�"	 �Q/R�+� �� 3�
 

Fig. 9. The effect of reactant temperature on the removal 
efficiency of NI(II) and Zn(II) by carbon nanotubes of 

modified walls under conditions: the initial concentration 
of nickel and zinc, 3.27 and 4.13 mg/L, respectively, 60 

minutes, pH equal to 8 and 7, respectively, for NI(II) and 
Zn(II) and absorbent amount of 0.1 g/L 

8>�tt2#G'� _5% ��#��7 �� @�7#� ��	� �c#Ni(II) �Zn(II) 

������ W��$ �T'6 :W�#�� �M$ 0�� wK�# 0�#��� ��4 ����7 �� 
 X�$�$ �� ��� � �I�� ���#�S/��Q�/�3�
 �'�	��C�	- )�+�

 i�?$rR)�"�,�pH �� ��#����S�#�� X�$�$ ��Ni(II) �Zn(II) �
Jg�� �#�"	Q/R3�
���+� 

Fig. 10. Langmuir isotherm model to remove Ni(II) 
 8>�(vt_5% �#�� ��?9�8 3�$�G�# N�	Ni(II) 

Fig. 11. Freundlich isotherm model to remove Ni(II) 
8>�((-_5% �#�� q������ 3�$�G�# N�	 Ni(II) 

	�I��N� �������:� ���+!��7�% 	�����7 ���+��H���	-�C�
�+?7�#����	��$ ��FC�I	 � �N��� � Jg�� N�I�	 � �Jg�� 

��#� ����Hajizadeh et al., 2014).( N��	 �� �#�J5�� 3��$�G
?9�8������� )���I?$ � q��I�� �� F�� �QR��$Q�0��	� .���#

�+���7 �#� C�!� eR2N�	 � �#�?9�8 J5�� 3�$�G �� ������ )��q
#���� G'����� ��I $�$ �� Xn�r/R)rQ�/R��Q�/R#��� ��G�'�
�����$�$�X�n�/R)r�r � /S��/R��# )F�#����� �+� zV1�e
�� )0�	� ��� G'� J5�� 2#��� � �I�Jg�� W��$ ������� �� �

���7�� ��4�J5� N�	 -# 0�� wK�# 0�#� ?9�8��V$ ��	 ��.��7
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��0YC��� Jg�� ���# .@ �Y�L x�� .(Krishnan et al., 2011, 

Pahlavan et al., 2014, Wang et al., 2014)  �� �� �7�_5�% 
Ni(II) ������ W��$ � ����7�� ��4�3�H�# 0�� wK�# 0�#� )��� 

�+��e���!	�#�C�!� .���#� �"	���+� ��&�e@ �Y�L F��# ��� �����
@ �YL � N��� ����AB 3��� .���# 0��� �f#�#��V$�	 �����	��

��V������ 3�� � N�#�#����+������	-� e��� �9!��������	� ������0���
�I� � �Qr�$Qnf#�#�� ��� .��# 0��$ ��� ����+� ������e)����%
#����� G'� J5� ���� �������� W��$ �I � ����7�� ��4 �� 0�#�

 z����A$ 0���� wK��# ����B�)n�/R>R2N���	 ���� (�V��� 3�� ���V$�	
# -# � �+�#��� F�+��DL����	�.��7 

y$��E��# 2#��
 ��#���+�# �#-��� jV��� 2#G'� J5� U+&�
� ����h �� �I�+������� W��$ �� �����7����4 ���0�#� wK��# 

�I�� �� ���	� ��� 0��� �� ��R��Q0�#� C���!� ���+� .���# 0����e
��� ����	 �� �+	#��L���	�$�	����I�y$ �	��� ��� E���# 2#���#-�


�) jV∆G°m�+�� )(�)∆H°L��+�� � (�)∆S° N���� �� (�0��	� 
�+� �� ���$ �� .��#�#G�# �� ���% e�E���# )�	� @���#���+��# �#-� 


�� jV�	 @ �7 U+&���� _�1 -# .����y$ ��9 ��� E���# 2#���#-� 

 ��#���+�#��� �	� �� jV�C��!� C�
����
 �#� �AB ���+�� ��7����

�O�XF���$ ) X���	nS/>RR2�� (�# F��.��#� ����� ��	�: �� F
;�	�E��# C����
 ��#���+�# �#-��� jV�C�!� U+& ���# C� 0�� � 

#�� �7��� J5� �� ����B 2��� ��B�\	 3�H�# ���� C��?  ����1
�+� -# �7�e���# �P�!	 #G��# ��� )�	 -# ��	� @��C#G∆G° �+���7

	�# �7 ����C�!� F��h 0�� ����$����- �� �	� �� J5�����+?7 
��;�	 .����#�y$ C���������m���+�� 2#��)J5��� @���7#� ��#���+���#

C�!� #�� C��� #-�	�
 0�� ��#G�# �� � ��# ���	 ��	� @��J5�� C#G
	 @ �7���;�	 .�����y$ C���� ��� �L��+�� 2#��@��7#� ��#���+��#
� J5��� @ �7 �9���?T��#���# � ��# J5� ����#��, �': �� F

N�I�	 F+��
 � �J5� C��I	 ��� 0����� �� �� Jg��� �P�!	
UT�	 N�I�	 C�� �$ � �J5� .��# 0���� 

# ���F@ �Y�L �P�!	 �� ������� Jg��� ��7 ��� �����7�
#��7 0�� wK�#�������������$�$�� 2#G'� _5% �� X���I

�� ��#� J��&L -# ����#� ��h ��7#��% ������ ����� �$�$��� X���
mg/g ���$��F��.

Fig. 12. Tamkin isotherm model to remove Ni(II) 
 8>�(-t_5% �#�� F�I?$ 3�$�G�# N�	Ni(II) 

Fig. 13. Langmuir isotherm model to remove Zn (II) 
 8>�(1t_5% �#�� ��?9�8 3�$�G�# N�	 Zn(II) 

Fig. 14. Freundlich isotherm model to remove 
Zn(II) 

 8>�(3t_5% �#�� q������ 3�$�G�# N�	 Zn(II) 
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Fig. 15. Tamkin isotherm model to remove Zn(II) 
 8>�(nt_5% �#�� F�I?$ 3�$�G�# N�	 Zn(II) 

Fig. 16. First-order pseudo kinetics of Zn(II) 
 8>�(st�V� D�+��� G'� J5� N�# �V$�	Zn(II) 

Fig. 17. Second-order pseudo kinetics of Zn(II) 
 8>�(St�V� D�+��� G'� J5� 3�� �V$�	Zn(II) 

Fig. 18. First-order pseudo kinetics of Ni(II) 
 8>�(rt�V� D�+��� G'� J5� N�# �V$�	Ni(II) 

Fig. 19. Second-order pseudo kinetics of Ni(II) 
 8>�(tt�V� D�+��� G'� J5� 3�� �V$�	Ni(II) 

Fig. 20. Adsorption thermodynamics of Zn(II) 
 8>�-vtG'� J5� D�	�����	�$Zn(II) 
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Fig. 21. Adsorption thermodynamics of Ni(II) 
 8>�-(tG'� J5� D�	�����	�$ Ni(II) 

��"E-te��+� �&��"	@ �YL F�# � ���� ��@ �YL � 
Table 2. Comparing the results of this study with other studies 

References Adsorption 
modelCondition Capacity 

adsorptionAdsorbent Metal 
(Shin et al., 

2011)Langmuir 8=pH9.31 mmol/g Nitrogen-doped magnetic 
CNTs

Zn(II) 

(Vellaichamy 
and Palanivelu, 

2011)(
Langmuir 

pH=5, Initial 
concentration=500 

µg/L, adsorbent 
dosage=500 mg 

4.82 mg/g 

MWCNTs impregnated 
with di-(2-ethyl hexyl 

phosphoric acid) 
(D2EHPA) and tri-n-
octyl phosphine oxide 

(TOPO)
(Tofighy and 
Mohammadi, 

2011)
Langmuir 

pH=7, Initial 
concentration=1200 

mg/L, T=298 K
58 mg/g Oxidized CNTs sheets 

Lu et al., 2006)(Langmuir Initial concentration= 
60 mg/L, T=45 0C16.18 mg/g SWCNTs purified with 

sodium
(Lu and Chiu, 

2006) Langmuir 
pH=7, S/L: 0.05/100,
Initial concentration= 

10 mg/L, T=25 0C
14.9 mg/g SWCNTs (NaOCl) 

(Sobhanardakani 
et al., 2016) 

Langmuir 
pH=5, T=25 oC, 

adsorbent dosage=5 
g/L, time=60 min 

45.4 mg/g Chitosan 

 

This study Langmuir 

pH=7, Initial 
concentration=100 
mg/L, adsorbent 

dosage=2 g/L, contact 
time=120 min, 

T=15 oC

54 mg/g MWCNTs modified by 
HNO3

(Mobasherpour 
et al., 2012) Langmuir 

pH=6.5, Initial 
concentration=20 
mg/L, amount of 

adsorbent=0.8 g/L, 
T=338 K

12.5 mg/g HNO3-treated MWCNTs 

Ni(II) 
(Chen et al., 

2009) Langmuir Initial concentration=6 
mg/L, m/V =0.75 g/L9.18 mg/g MWCNTs/Iron oxide 

(Kandah and 
Meunier, 2007) Langmuir pH=6, m/V=0.2 g/L 49.26 mg/g Oxidized CNTs 

y = -6.2096x - 1287.5
R² = 0.9751
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	���� ��"E-te��+� �&��"	@ �YL F�# � ���� ��@ �YL � 
Cont. Table 2. Comparing the results of this study with other studies 

References Adsorption 
modelCondition Capacity 

adsorptionAdsorbent Metal 

(Vellaichamy 
and Palanivelu, 

2011) 
Langmuir 

pH=5, Initial 
concentration= 

500 µg/L, adsorbent 
dosage=500 mg 

4.78 mg/g 

MWCNTs impregnated 
with di-(2-ethyl hexyl 

phosphoric acid) 
(D2EHPA) and tri-n-
octyl phosphine oxide 

(TOPO)

Lu et al., 2009)(Langmuir 
pH=7.0, Initial 

concentration=10–80 
mg/L, T=298 K

38.46 mg/g NaClO-modified 
MWCNTs 

(Sobhanardakani 
and Zandipak, 

2015) 

Langmuir 
&

Freundlich 
pH=7.0, T=45 0C319.6 mg/g 

2,4-
Dinitrophenylhydrazine 

immobilized on 
sodium dodecyl sulfate 
(SDS)-coated magnetite 

(Sobhanardakani 
et al., 2016) Langmuir 

pH=5, T=25oC, 
adsorbent dosage=5 
g/L, time=75 min 

52.6 mg/g Chitosan 

(Talebzadeh et 
al., 2016) 

Langmuir 
&

Freundlich 
pH=7.0, T=35 0C686.1 mg/g CeO2/CuFe2O4

(Sobhanardakani 
and Zandipak, 

2017) 

Langmuir 
&

Freundlich 
pH=7.0, T=25 0C563 mg/g TiO2/SiO2/Fe3O4

(Akar et al., 
2019) Freundlich 

pH=3, adsorbent 
dosage=2 g/L, time=90 

min 
126.58 mg/g Platanus orientalis bark 

This study Langmuir 

pH=8, Initial 
concentration=100 mg/L, 
adsorbent dosage=2 g/L, 
contact time=120 min,

T=15 0C

43 mg/g MWCNTs modified by 
HNO3

��"E1t�	�: ������ W��$ �I�� � ��� J5� �I�	�����	�$ ��  0�#�� ��4 ����7 ��  

Table 3. Zinc and nickel adsorption thermodynamic factors by multi-walled carbon nanotubes 

S0∆H0∆G0∆)°C(TMetal 
-158315

Zn(II) -6.4-1423.7-167330
-178450
-142315

Ni(II) -6.209-1287.5-154330
-163750

34	�!N@ G0!A 
�� #�F@ �YL)��#�$�������� � ����7���4 ��0�#� wK�# 0��� 
�� #���7��J5�� ��C��� �G�'��Ni(II) �Zn(II) #��� ��M$�W

y+	���� �����	��)@���7#� C���	- )i���?$ pH)�#���"	 Jg���� �
���T'6 ��� �Ni �Zn �����������e����+� . Jg���� ���7 �#� C���!�
������ � ����7���4 ��0�#� wK�# 0�� #��7�����B�_5�% ��
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