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Abstract  
Mercury (Hg) is one of the water pollutants and its removal from the aqueous environment  is 
important. The major goal of this study was to remove the Hg (II) from aqueous solution by 
synthesizing a modified nanochitosan with carbon disulfide functional groups. Nanochitosan 
was synthesized using citric acid as an environmentally friendly crosslinking agent, and then it 
was modified with a carbon disulfide functional group. The characteristics of synthesized 
nanocomposite were studied by using proton nuclear magnetic resonance (1HNMR), 
transmission electron microscopy (TEM), scanning electron microscopy (SEM), and Fourier 
transform infrared spectroscopy (FTIR). Batch adsorption experiments of Hg (II) in metal ion 
solution were conducted under different conditions such as pH, temperature, contact time, initial 
concentration of metal ion and adsorbent dosage. The adsorption process was conducted to 
investigate the compatibility of data with isotherms models (Freundlich and Langmuir), kinetics 
(pseudo-first-and second-order rate equations) and adsorption thermodynamics in a batch 
system. Reusability of adsorbent using 0.5 mol/L HCl and also effect of ion interferences were 
investigated for selectivity of adsorbent. Obtained results from this study confirmed the 
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successful synthesis and functionalizing process of the nano-adsorbent. The optimal values were 
reported as pH=7, adsorbent dosage of 0.2 g/L, initial concentration of 30 mg/g Hg (II) and 
contact time of 120 min. Sorption of mercury agreed well with the Langmuir isotherm model, 
confirming a monolayer adsorption. The maximum equilibrium adsorption capacity for mercury 
ions was 303.03 mg/g. The results of kinetic studies showed that the sorption process followed 
the second order model. The results of thermodynamics showed that the adsorption process was 
exothermic and spontaneous. Possibility of recovery of adsorbent was investigated up to five 
cycles and desorption percentage of mercury ions was more than 95%.Also, the results of ion 
interferences effect in mixed solution showed that the percentage of mercury removal with the 
functionalization of nanochitosan by carbon disulfide increased up to 88% and the synthesized 
adsorbent has a high selectivity for mercury ions. Based on the high adsorption efficiency 
obtained for mercury ions in the mixed solution, the synthesized adsorbent can be at promising 
approach in treatment of real wastewaters with low concentrations of mercury ions and other 
interfering ions in order to obtain an admissible effluent standard. The results showed that the 
synthesized nanoadsorbent is an efficient low cost adsorbent for mercury removal from 
wastewater due to its high adsorption capacity , as well as its reusability and selectivity for 
mercury. 

Keywords: Functionalized Nanochitosan, Carbon Disulfide, Adsorption, Mercury. 
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Fig. 1. Schematic diagram of nanochitosan synthesis and nanochitosan  
funtionalized by sulfur group 
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Fig. 2. The HNMR spectrum of chitosan and 
carboxylated nanochitosan 
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Fig. 4. SEM image of nanochitosan 
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Fig. 5. TEM image of nanochitosan 
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Fig. 6. Effect of the contact time of the adsorbent with 
mercury (II) solution in the range of 0 to 150 minutes 

(pH =7, amount of adsorbent 0.1 g/L, the concentration 
of metal ion 30 mg/L, the volume of the metal solution 

50 ml, 25˚C) 
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Fig. 7. Effect of initial pH on the mercury removal 
percentage (concentration of metal ion 30 mg/L,  

volume of metal solution 50 ml, amount of 
adsorbent 0.1 g/L, 120 min, 25˚C) 

ZJ� Rx�t�pH �� �0/J .�/O� YZ� #N�)I��$ .�/O� �L/�)

�0/J lR �/�� ���B �) S��.�/O� �7� <�0/JQR�/�� <���B :T�$ ��#=� 

M/R���B �) S�� <MeR
=�1) <��)eQk���/� 
$�)(

1 Electron-rich binding sites 
2 Protonation form decreased 

0

20

40

60

80

100

0 50 100 150 200

R
em

ov
al

ef
fic

ie
nc

y
(%

)

Time (min)

0

20

40

60

80

100

0 1 2 3 4 5 6 7 8 9 10

R
em

ov
al

(%
)

pH



����R�	 � +��Hb ���� ��) dx.doi.org/10.22093/wwj.2019.187010.2870 
67

����� ��� 	
�� Journal of Water and Wastewater 
��������� ����� ����� Vol. 31, No. 2, 2020 

Fig. 8. Point of zero charges of  
funtionalized nanochitosan 
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Fig. 9. Effect of adsorbent dosage on equilibrium 
adsorption capacity and mercury removal percentage 
(pH=7, concentration of metal ion 30 mg/L, volume 

of metal solution 100 ml, 120 min, 25 ˚C) 
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Fig. 10. Effect of initial metal ion on equilibrium 
adsorption capacity and mercury removal percentage 
(pH=7, adsorbent dosage 0.15g/L, volume of metal 

solution 100 ml, 120 min, 25 ˚C) 
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Fig. 11. Comparison of adsorption capacity at different 
stages of functionalized nanochitosan synthesis (pH=7, 

adsorbent dosage 0.15g/L, initial metal ion 30 mg/L, 
volume of metal solution 100 ml, 120 min, 25 ˚C) 
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Fig. 12. (a) Langmuir's and (b) Freundlich adsorption isotherm curves (pH=7, adsorbent dosage 0.15g/L, initial metal 
ion 30 mg/L, volume of metal solution 100 ml, 120 min, 25 ˚C) 
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Fig. 13. First and second order linear kinetics models for Hg (II) sorption on functionalized nanochitosan (pH=7, 
adsorbent dosage 0.15g/L, initial metal ion 30 mg/L, volume of metal solution 100 ml, 25 ˚C) 
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Table 2. Linear kinetics models parameters and values for Hg(II) sorption on functionalized nanochitosan 
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Fig. 14. Van't Hoff plots for Hg (II) sorption on 
functionalized nanochitosan (pH=7, adsorbent 

dosage 0.15g/L, initial metal ion 30 mg/L, volume 
of metal solution 100 ml, 120 min) 
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Table 3. Thermodynamic parameters on functionalized nanochitosan 
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Fig. 15. Adsorption and desorption cycles on 
functionalized nanochitosan 
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Fig. 16. Selectivity assay on functionalized nanochitosan 
(pH=7, adsorbent dosage 0.15g/L, initial metal ions 10 

mg/L, volume of metal solution 100 ml, 120 min, 25 ˚C) 
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