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Abstract  
Removal of contaminants by adsorbent is a useful and effective way to remove heavy 
metals from wastewater and aqueous samples. Mercury is one of the heavy metals that 
is toxic to humans, animals and the environment. In this study, magnetic multi-walled 
carbon nanotube (MMWCNT) composite was synthesized and used to remove Hg(II) 
from aqueous solutions. This work was conducted on a laboratory scale and based on 
the design of experiment by the surface response methodology (RSM) and based on 
Box-Behnken design, and the effects of independent variables including pH, adsorbent 
dose, initial concentration of Hg and contact time in different levels were evaluated with 
the help of Design-Expert Stat-Ease Inc software. The properties of this magnetic 
adsorbent were characterized by scanning electron microscopy (SEM), X-ray diffraction 
(XRD) and Fourier transform infrared spectroscopy (FT-IR). The results show that the 
adsorption of Hg(II) on magnetic MWCNT composite is strongly dependent on contact 
time and adsorbent dosage. The highest efficiency of removal mercury was about 85% 
and that occurred when pH=6, dose of adsorbent= 0.6 g/L, initial concentration of 
Hg(II)=10 ppm and contact time=150 minutes. The adsorption isotherm data was better 
fitted by Freundlich model, while kinetic data can be characterized by the pseudo-
second-order rate kinetics. In general, it can be concluded that magnetic MWCNT 
adsorbent has a very high ability to remove mercury. 

Keywords: Adsorption, Mercury, Magnetic carbon nanotube, Adsorption isotherms, 
Adsorption kinetics. 
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��*K �I-i8<" 3�%��*8" �,l� $ ��$
M" ���3a	�� ���I/6!� 
Table 1. Levels of independent variables 

for Box-Behnken design 

��*K 1I��"�� m��8� $ E���R �.,.,��� �_�C E�,+ �,�C �KC 3�%

=<���!*" =!��	 �
R 
Table 2. Experimental results for Hg(II) removal by 

magnetic MWCNT 

Run X1 X2 X3 X4 %Removal

1 6(0) 1(1) 25(0) 30(-1) 32 
2 3(-1) 0.6(0) 10(-1) 90(0) 71
3 6(0) 0.6(0) 25(0) 90(0) 47 
4 6(0) 1(1) 25(0) 150(1) 74 
5 6(0) 0.2(-1) 25(0) 30(-1) 14 
6 6(0) 0. 6(0) 40(1) 150(1) 39 
7 9(1) 0.6(0) 40(1) 90(0) 34 
8 6(0) 0.6(0) 10(-1) 30(-1) 39 
9 6(0) 1 (1) 10(-1) 90(0) 82 
10 9(1) 0.2(-1) 25(0) 90(0) 28 
11 9(1) 0.6 (0) 25(0) 150(1) 51 
12 6(0) 1(1) 40(1) 90(0) 37 
13 3(-1) 1(1) 25(0) 90(0) 43 
14 6(0) 0.6(0) 10(-1) 150(1) 85 
15 6(0) 0.2(-1) 40(1) 90(0) 13 
16 3(-1) 0.2(-1) 25(0) 90(0) 27 
17 6(0) 0.6(0) 40(1) 30(-1) 15 
18 3(-1) 0.6(0) 25(0) 30(-1) 23 
19 6(0) 0.6(0) 25(0) 90(0) 49 
20 6(0) 0.6(0) 25(0) 90(0) 44 
21 9(1) 1(1) 25(0) 90(0) 54 
22 6(0) 0.6(0) 25(0) 90(0) 51 
23 3(-1) 0.6(0) 40(1) 90(0) 31 
24 9(1) 0.6(0) 10(-1) 90(0) 73 
25 6(0) 0.2(-1) 10(-1) 90(0) 63 
26 6(0) 0.6(0) 25(0) 90(0) 44 
27 6(0) 0.2(-1) 25(0) 150(1) 19 
28 3(-1) 0.6(0) 25(0) 150(1) 41 
29 9(1) 0.6(0) 25(0) 30(-1) 39

="�5+�"����%/.�� �� �%3R���9 �3&�2� ���}|"��'=.���8 ��
�"�3M"�E{}�C��^,�<'� R �$� $��6rpm{�| P�2��.
R 

C 0,'M" �� ��H'X ��� �, � ��,�" ���� �� �� ��(� c��c����30,�'M"
ppm�||| C ���
��8���J+ �li" �� �� �,�.
R �

H!+��&pH �,� �� ���:8�� ��{�� $ 0��"�� ���� 
��:.,��,���
P�2�� �k,"R���? �,�'O" 4^��5+ G��"� P��5+� �� 
�1� .
�R$ 
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 �8",8�$�86���� ��#8�� �� ���:8�� ��4"����J� �K�C G��=�0,�� ��

 f,"nm ��� C �K� G�"
��� $ �b��( �� c�B� �, ��.��1"{1+��� /
R
.(Foo and Hameed, 2010)  
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Ce`<��� �,�C =.��1+ �H'X ppm 4qe�� �
R �KC �,�C ��
i"
 `<��� 0��1+ G�"�='�" P�V �� P�V4qmax �K�C ������ �]e�
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 ������ .(Ho and Mckay, 1998) 
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 �.,��� ��8W��� �� �,C,"�=�!��e �., ���� (Yegane Badi et al., 

2015) -6R .{Ib4��JZ ����?� ��'=����������%3°{�/}~4
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���.(Chen et al., 2009, Imai and Gloyna, 1990) .

-6��R ���,��#.�3[�����XRD ���.,.,��� ���� �,����" ��!��	=
��!*"�<=,#.� �� �
R �8!�38!#"  �C�" [���� ���i" ���
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.��� 

a) b) 
Fig. 1. SEM images of (a) MWCNT (b) Magnetic MWCNT 
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Fig. 2. XRD patterns of (a) MWCNT (b) Magnetic 
MWCNT (b) 
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Fig. 3. Comparison of the XRD Pattern of magnetic 
MWCNT in this study with Magnetite Reference 

Diffraction Pattern (Imai and Gloyna, 1990)  
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Fig. 4. FTIR spectrum of (a) MWCNT (b) Magnetic MWCNT 
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Table 3. The predicted models of adsorption of mercury by magnetic MWCNT using RSM method 
��*K�I0
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R =!����.,.,��� �_�C E�,+ �, ���� �l� [$� �� ���:8�� �� �
R =<���!*" =!��	 3�% 

Source P- value Lack of fit
P- value Adjusted R2 Predicted R2 Suggested 

equation
Linear 0.0001< 0.0170 0.7839 0.7142 

2F1 0.4665 0.0154 0.7829 0.5568

Quadratic 0.0046 0.0574 0.8985 0.7220 Suggested

Cubic 0.0254 0.3257 0.9719 0.6218
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��*KPI�.,.,��� �_�C E�,+ �,�C �K� 0
" G,���V� m��8� 3�%

�
R =<���!*" =!��	 
Table 4. The ANOVA results for the response surface 

quadratic model for adsorption of Hg(II) 

Source Coefficient
estimate 

Standard
error F-value

P-value  
(probability> 

F)
Model 47.00 2.83 18.70 < 0.0001 

X1 3.58 1.83 3.85 0.0700 

X2 13.17 1.83 51.95 < 0.0001 

X3 -20.33 1.83 123.90 < 0.0001 
X4 12.25 1.83 44.97 < 0.0001 
X1 X2 2.50 3.16 0.62 0.4426 

X1X3 0.25 3.16 0.00624 0.9381 

X1X4 -1.50 3.16 0.22 0.6427 

X2 X3 1.25 3.16 0.16 0.6987 

X2 X4 9.25 3.16 8.55 0.0111 

X3 X4 -5.50 3.16 3.02 0.1041 

X1
2 -1.92 2.48 0.60 0.4533 

X2
2 -5.54 2.48 4.97 0.0426 

X3
2 6.46 2.48 6.76 0.0210 

X4
2 -7.42 2.48 8.91 0.0098 

Fig. 5. Perturbation plot for Hg(II) removal by magnetic 
MWCNT; (A) pH, (B) Adsorbent dosage 
(C) Initial concentration, (D) contact time 
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(Hashemzadeh et al., 2018).
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2018).
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Fig. 6. Contour and 3D plots for Hg(II) removal vs. pH and contact time 
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Fig. 7. Contour and 3D plots for Hg(II) removal vs. Initial concentration and Adsorbent dosage 
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Fig. 8. Contour and 3D plots for Hg(II) removal vs. Contact time and Initial concentration 
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Fig. 9. Adsorption isotherm plots (a) Langmuir isotherm and (b) Freundlich isotherm 
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Table 5. The parameters of isotherm models for Hg(II) 

adsorption by magnetic MWCNT 

Isotherm Parameters Values R2

Langmuir 
qmax(mg/g) 10.639

0.95 b (L/mg) 0.1726 

Freundlich 
Kf 3.112 

0.99 n 3.2687 
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Table 6. Kinetic parameters of Hg(II) adsorption on magnetic MWCNT 

Initial 
concentration 

(ppm) 

qe,exp 

(mg/g) 

Pseudo-first-order model Pseudo-second-order model

qe,cal(mg/g) K1(min-1) R2 qe,cal(mg/g) K2(g/mg min) R2

10 10.639 8.71 0.025 0.94 11.91 0.0029 0.99 
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Fig. 10. Kinetic plots of (a) Pseudo-first-order model, (b) Pseudo-second-order model 
67���I� £!M!"�8!�£6a(0
"0$� �B+�" �BR $b0
" (P$� �B+�" �BR C £Ml� �KC��,

P/	�)$% B^)_ 
4%$S� /�� m��8� c��l" ��
�i" ������ ��� �,�C �'� �K� 
?��

�_�C $%��e 4�,�C ��.$� �H'X ����� �� $����� ^�5+ G�"�
=" -"�� �e ��� G�9� m��8� /�!\5% .
���pH ��
!Z �@�=�� �����
�!

 �KC���
� ���� �� $�� �C �K� 
?�� �8"���� /���
i" �� �J!+ �,
W�'=b�C=������ ��

%�,W ���	 $���=���2� ��epH J����! ��

��$
M" pH ��3�% =1�B� ���( ����4/�����!� 3����� ��� )�����*+ 
pH ��/�� ��e ���_�C �<�� �e/�� �"� ���� %�e �!��% �%��
�� �1!? 
%�,W .
R �8� �� �C,+ ���� 4)�B��M" m��89�%����� /=

����� �KC�}
?�����8J� .
"� ������R /���� E3C �K� �� �,
 ��pH ���������_���C �� 4�/|���8�. �� P���V.$� ���H'X 4���C ���� �,

ppm�| G���"� $�}| (������ ���i 
��"� ���������8� .�m-��?�� ��
����=��%3.���1+=G�9� ��� ��	 ������
!�K��C ��0
�" ��P��+$� 
.
�$���j���$�3�"=/��!\5% .
�!	 ��� ��1.�l" 0
�" ��%3N�'8O" 

��8!�6=nO9" 
R�	����
!�KC ��0
" ���8!�6=�B�R ��B+�" 
P$� 1B+��"=.
!	�8� h,52" ���� �� -�?�� m��/%$S�� G��9�

" �
R �8!� �_�C �	 ���=�� 
��,+ �_�C G�,!�=��� `��!"3�K��
C�M" �� �,�E�%3��=.�,R �8��V �H� �� 

T/W%���*D 
�� �J�9%�" 
���$ ="D��� ���� ��#�9��� ����5� �� �'���$ /��� ��

 /�� P�2��=" =����
( %$S� .�,R 

References 
Amouei A., Asgharnia H.A., Karimian K., Mahdavi Y., Balarak D. & S.M., G. 2016. Optimization of dye 

reactive orange 16 (RO16) adsorption by modified sunflower stem using response surface method from 
aqueous solutions. Journal of Rafsanjan University of Medical Sciences, 14, 813-826. (In Persian) 

Anagnostopoulos, V. A., Manariotis, I. D., Karapanagioti, H. K. & Chrysikopoulos, C. V. 2012. Removal of 
mercury from aqueous solutions by malt spent rootlets. Chemical Engineering Journal, 213, 135-141. 

Anbia, M. & Amirmahmoodi, S. 2016. Removal of Hg (II) and Mn (II) from aqueous solution using nanoporous 
carbon impregnated with surfactants. Arabian Journal of Chemistry, 9, S319-S325. 

Berglund, F. & Bertin, M. 1969. Chemical fallout, Springfield, Tomas Publisher, USA. 
Cai, J., Shen, B., Li, Z., Chen, J. & He, C. 2014. Removal of elemental mercury by clays impregnated with KI 

and KBr. Chemical Engineering Journal, 241, 19-27. 
Chen, C., Hu, J., Shao, D., Li, J. & Wang, X. 2009. Adsorption behavior of multiwall carbon nanotube/iron 

oxide magnetic composites for Ni (II) and Sr (II). Journal of Hazardous Materials, 164, 923-928. 

0
2
4
6
8

10
12
14
16

0 50 100 150 200

t/q
t

t (min)

b

-0.5

0

0.5

1

1.5

2

2.5

0 50 100 150

L
n(

qe
-q

t)

t (min)

a



+���R ���) � +���M ���� dx.doi.org/10.22093/wwj.2019.138327.2709 

76

����� ��� 	
�� Journal of Water and Wastewater 
��������� ����� ����� Vol. 30, No. 6, 2019 

Cox, M., El-Shafey, E. I., Pichugin, A. A. & Appleton, Q. 2000. Removal of mercury (II) from aqueous solution 
on a carbonaceous sorbent prepared from flax shive. Journal of Chemical Technology and Biotechnology, 75,
427-435. 

Cui, H., Qian, Y., Li, Q., Zhang, Q. & Zhai, J. 2012. Adsorption of aqueous Hg (II) by a polyaniline/attapulgite 
composite. Chemical Engineering Journal, 211-212, 216-223. 

Dawlet, A., Talip, D., Mi, H. & Malikezhati, Y. 2013. Removal of mercury from aqueous solution using sheep 
bone charcoal. Procedia Environmental Sciences, 18, 800-808. 

Ertugay, N. & Bayhan, Y. K. 2008. Biosorption of Cr (VI) from aqueous solutions by biomass of Agaricus 
bisporus. Journal of Hazardous Materials, 154, 432-439. 

Fan, X.-J. & Li, X. 2012. Preparation and magnetic property of multiwalled carbon nanotubes decorated by 
Fe3O4 nanoparticles. New Carbon Materials, 27, 111-116. 

Foo, K. Y. & Hameed, B. H. 2010. Insights into the modeling of adsorption isotherm systems. Chemical 
Engineering Journal, 156, 2-10. 

Gong, J.-L., Wang, B., Zeng, G.-M., Yang, C.-P., Niu, C.-G., Niu, Q.-Y. et al. 2009. Removal of cationic dyes 
from aqueous solution using magnetic multi-wall carbon nanotube nanocomposite as adsorbent. Journal of 
Hazardous Materials, 164, 1517-1522. 

Gupta, V. K., Agarwal, S. & Saleh, T. A. 2011. Synthesis and characterization of alumina-coated carbon 
nanotubes and their application for lead removal. Journal of Hazardous Materials, 185, 17-23. 

Hadavifar, M., Bahramifar, N., Younesi, H. & Li, Q. 2014. Adsorption of mercury ions from synthetic and real 
wastewater aqueous solution by functionalized multi-walled carbon nanotube with both amino and thiolated 
groups. Chemical Engineering Journal, 237, 217-228. 

Hadi, P., To, M.-H., Hui, C.-W., Lin, C. S. K. & Mckay, G. 2015. Aqueous mercury adsorption by activated 
carbons. Water Research, 73, 37-55. 

Hashemzadeh, F., Hasani, A., Ahmad Panahi, H. & Borghei, S. M. 2018. Evaluation of the removal of heavy 
metals (cadmium, lead, and zinc) from aqueous solutions using multi-walled carbon nanotubes modified with 
chitosan. Journal of Water and Wastewater 29 (3), 31-41. (In Persian) 

Ho, Y. S. & Mckay, G. 1998. Kinetic models for the sorption of dye from aqueous solution by wood. Process 
Safety and Environmental Protection, 76, 183-191. 

Hu, J., Chen, C., Zhu, X. & Wang, X. 2009. Removal of chromium from aqueous solution by using oxidized 
multiwalled carbon nanotubes. Journal of Hazardous Materials, 162, 1542-1550. 

Hu, J., Chen, G. & Lo, I. M. C. 2005. Removal and recovery of Cr (VI) from wastewater by maghemite 
nanoparticles. Water Research, 39, 4528-4536. 

Huang, S., Ma, C., Liao, Y., Min, C., Du, P. & Jiang, Y. 2016. Removal of mercury (II) from aqueous solutions 
by adsorption on poly(1-amino-5-chloroanthraquinone) nanofibrils: equilibrium, kinetics, and mechanism 
Studies. Journal of Nanomaterials, Vol. 2016, Article ID: 7245829. 

Imai, A. & Gloyna, E. F. 1990. Effects of pH and oxidation state of chromium on the behavior of chromium in 
the activated sludge process. Water Research, 24, 1143-1150. 

Jahantigh, F., Mortazavi, S. M. & Qoreishy, S. M. B. 2018. Mercury removal from contaminated water resources 
using modified multi walled carbon nanotubes. Journal of Water and Wastewater. 29(3), 42-53. (In persian) 

Jeon, C. & Ha Park, K. 2005. Adsorption and desorption characteristics of mercury (II) ions using aminated 
chitosan bead. Water Research, 39, 3938-3944. 




� 5�] �&M +	�/����
8 +)��*... dx.doi.org/10.22093/wwj.2019.138327.2709 
77

����� ��� 	
�� Journal of Water and Wastewater 
��������� ����� ����� Vol. 30, No. 6, 2019 

Kosa, S. A., Al-Zhrani, G. & Abdel Salam, M. 2012. Removal of heavy metals from aqueous solutions by multi-
walled carbon nanotubes modified with 8-hydroxyquinoline. Chemical Engineering Journal, 181-182, 159-
168. 

Manohar, D. M., Anoop Krishnan, K. & Anirudhan, T. S. 2002. Removal of mercury (II) from aqueous solutions 
and chlor-alkali industry wastewater using 2-mercaptobenzimidazole-clay. Water Research, 36, 1609-1619. 

Mondal, D. K., Nandi, B. K. & Purkait, M. K. 2013. Removal of mercury (II) from aqueous solution using 
bamboo leaf powder: equilibrium, thermodynamic and kinetic studies. Journal of Environmental Chemical 
Engineering, 1, 891-898. 

Moustafa, Y. M. M., Morsi, R. & Hassan, M. 2014. Mercury removing capacity of multiwall carbon nanotubes 
as detected by cold vapor atomic absorption spectroscopy: kinetic and equilibrium studies. International 
Journal of Chemical, Nuclear, Materials and Metallurgical Engineering, 8(7), 690-696. 

Nam, K., H. Gomez-Salazar, S. & Tavlarides, L. 2003. Mercury (II) adsorption from wastewaters using a thiol 
functional Adsorbent. Industrial and Chemsitry Research, 42 (9), 1955-1964. 

Naiya, T. K., Bhattacharya, A. K. & Das, S. K. 2008. Removal of Cd (II) from aqueous solutions using clarified 
sludge. Journal of Colloid and Interface Science, 325, 48-56. 

Nabi Bidhendi, G. R., Torabian, A., Ehsani, H. & Razmkhah, N. 2007. Evaluation of industrial dyeing 
wastewater treatment with coagulants and polyelectrolyte as a coagulant aid. Journal of Environmental 
Health Science and Engineering, 4(1), 29-36. 

Ren, X., Chen, C., Nagatsu, M. & Wang, X. 2011. Carbon nanotubes as adsorbents in environmental pollution 
management: a review. Chemical Engineering Journal, 170, 395-410. 

Sadegh, H., Shahryari-Ghoshekandi, R. & Kazemi, M. 2014. Study in synthesis and characterization of carbon 
nanotubes decorated by magnetic iron oxide nanoparticles. International Nano Letters, 4, 129-135. 

Tang, W.-W., Zeng, G.-M., Gong, J.-L., Liu, Y., Wang, X.-Y. Liu, Y.-Y., et al. 2012. Simultaneous adsorption 
of atrazine and Cu (II) from wastewater by magnetic multi-walled carbon nanotube. Chemical Engineering 
Journal, 211-212, 470-478. 

Wang, L. K., Tay, J.-H., Tay, S. T. L. & Hung, Y.-T. 2010. Handbook of environmental bioengineering,
Springer Science & Business Media, Berlin. 

Wang, Y., Zhang, Y., Hou, C., Qi, Z., He, X. & Li, Y. 2015. Facile synthesis of monodisperse functional 
magnetic dialdehyde starch nano-composite and used for highly effective recovery of Hg(II). Chemosphere,
14, 26-33 

Xiao, D.-L., Li, H., He, H., Lin, R. & Zuo, P.-L. 2014. Adsorption performance of carboxylated multi-wall 
carbon nanotube-Fe3O4 magnetic hybrids for Cu (II) in water. New Carbon Materials, 29, 15-25. 

Yegane Badi, M., Azari, A., Esrafili, A., Ahmadi, E. & Gholami, M. 2015. Performance evaluation of 
magnetized multiwall carbon nanotubes by iron oxide nanoparticles in removing fluoride from aqueous 
solution. Journal of Mazandaran University of Medical Science, 25, 128-142. (In Persian) 

Zhang, D., Pan, B., Wu, M., Wang, B., Zhang, H., Peng, H. et al. 2011. Adsorption of sulfamethoxazole on 
functionalized carbon nanotubes as affected by cations and anions. Environmental Pollution, 159, 2616-
2621. 

Zhang, D., Yin, Y. & Liu, J.-F. 2017. Removal of Hg2+ and methylmercury in waters by functionalized multi-
walled carbon nanotubes: adsorption behavior and the impacts of some environmentally relevant factors. 
Chemical Speciation and Bioavalability, 29(1), 161-169. 


