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Abstract  
Mercury is one of the heavy metals that is toxic to humans, animals and the 
environment. The contribution of mercury in the water resources are from various 
sources including the discharge from industry and municipal wastewater.  Hence, 
removal of mercury from water resources, especially for human consumption, is 
extreamely important. The removal of mercury is usually accomplished through 
adsoption and one method is through use of carbon nanotubes as the absorbent. The 
available commercial nanotubes are often synthesized by chemical vapor deposition 
which is done easily in an industrial scale. The aim of this research was to find an 
optimum condition to remove mercury from water by using a multi walled carbon 
nanotubes modified with Tris (2- aminoethyl) amine. To accomplish the main objective 
of the study, multi walled carbon nanotubes were machined in laboratory with chemical 
vapor deposition and later modified with Tris (2-aminoethyl) amine. These multi walled 
nanotubes then used to absorb mercury ions in water and the amount of absorption 
measured by induced coupled plasma (ICP). The nanoparticles in this study were 
analyzed by FT-IR, Raman, TG-DTA, SEM, and EA. To evaluate the optimum 
adsorption for the removal of mercury, several influencing factors such as pH 
fluctuations, concentration of the initial mercury in solution, absorbent weight, and 
contact time were investigated. The results obtained from this study conformed mercury 
adsorption to Langmuir and Freundlich Isotherms.  The removal of mercury ions 
drastically increased with the increase in pH. The optimum adsorption capacity was 115 
mg/g and the highest absorption yield was 95± 1.  In summary, based on the limited 
results obtained from this study, it is fair to conclude that the MW-CNT modified with 
Tris (2-aminoethyl) amine is a useful method for the removal of mercury from water.  

Keywords: Mercury Removal, Multi Walled Carbon Nanotubes, Langmuir Isothem, Freundlich 
Isotherm. 
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Table.1. Langmuir parameters in mercury absorption 
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Fig.8. Langmuir isotherm plot for absorption of mercury 
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Table.2. Freundlich parameters in absorption of mercury 
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www.SID.ir

www.SID.ir


Arc
hive

 of
 S

ID

 
!8 78 `*��� �  5
�O �
# 
$[ �* 5...dx.doi.org/10.22093/wwj.2017.69156.2295 
50

����� � �� 	
�� Journal of Water and Wastewater 

��� ��
���� ����� ����� Vol. 29, No. 3, 2018 

Fig.9. Freundlich isotherm plot for absorption of 
mercury 
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Fig.10. FT-IR spectrum from MW-CNT modified with 
carboxylic acid group 
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Fig.11. FT-IR spectrum from MW-CNT modified with 
Tris (2-aminoethyl) amine group 

45���1�7�
	 �� �G T�=�� "�� �D�D �,
, �	�. =�L �
� T	
� % ����

%=�  �� �� 
��x)Xa	�������T(	�
�

�1�1�1�;< $��7, �;< $�%� :���� '�! 

"�� %��� �
<, �
� TB�  � %=� �
� WX7WZ����� e���	 J����
�D�D�,
, =�L �
� T	
� % ���� 7 =��0� 6����R2���2 %7�F 
� %=�  ��
�D�D�,
, =�L �
� T�	
� % ����� %=��  �� ��� 
���x)Xa	������ ��T(

��	� 
�-��0� TB��� 
���� �� +�=��2��  � . ����5
,  � 6���Y 7� 
��� 
cm-1WZ\r 7cm-1W^sr ��
: ��� ��2 -0� %=� ��� e����	 J�����

 -��D
5  � 
����2 �����0�=�����sp37sp2-��0� 
��� 
����2 -���R, .
 ���0�=�����sp3�D�D�,
,  � =�L �
� T	
� % ���� %=�  �� ��� 
��x

)Xa	�������T	� (��#<�� 
�, �� ���D�D�,
 =�L �
� T	
� % ����  �� 

www.SID.ir

www.SID.ir


Arc
hive

 of
 S

ID

����S�� 	 a�� ���O  ���� dx.doi.org/10.22093/wwj.2017.69156.2295 
51

����� � �� 	
�� Journal of Water and Wastewater 

��� ��
���� ����� ����� Vol. 29, No. 3, 2018 

Fig.12. Raman spectrum from MW-CNT modified with 
carboxylic acid group 
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Fig.13. Raman spectrum from MW-CNT modified with 
Tris (2-aminoethyl) amine group 
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Fig.14. TG-DTA spectrum from MW-CNT modified 
with carboxylic acid group 
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Fig.15. TG-DTA spectrum from MW-CNT modified 
with Tris (2-aminoethyl) amine group 
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Table 3. Results of analysis for modified MW-CNT 

Sample Carbon 
(%) 

Hydrogen 
(%) 

Nitrogen 
(%) 

Modified with carboxylic 
acid group 87.42 4.81 0.32 

Modified with Tris (2-
aminoethyl) amine group 86.09 6.39 3.71 
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Table 4. Comparison of the amount of mercury 

absorption obtained from different studies 
Absorbent Qm 

(mg/g) 
Time 
(min) pH Ref. 

Porous 
phosphate-thiol 581 24h 7 (Zofaghari et al, 

2011) 
Zinc oxide- 
CMK-3 526 120 6 (Moravasky et al. 

2005) 
Malt spent 
rootlets 50.4 24h 5 - 6 (Anagnostopoulos 

et al. 2012) 
Aluminosilicate 
sieve 20.65 5h 6 (Liu et al. 2013) 

MWCNTs 13.16 120 5 (Tawabini et al. 
2010) 

Eucalyptus 
bark 33.11 10 5 (Ghodbane & 

Hamdoui 2008) 
CNT- NH 115 90 5 This study 
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