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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 HCI 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 spontanecous. 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.
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Fig. 2. The HNMR spectrum of chitosan and
carboxylated nanochitosan
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Fig. 10. Effect of initial metal ion on equilibrium
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(pH=7, adsorbent dosage 0.15g/L, volume of metal
solution 100 ml, 120 min, 25 °C)
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Table 1. Linear isotherm models’ values for Hg(II) sorption on modified nanochitosan

Isoterm Parameters Modified nanochitosan
Langmuir qm: (mg/L) 303.03
1 C. b: (L/mg) 1
Frendlich K, :(mg/g)(L/mg)"" 48.09
Inq, =anf+llnCe 1
n n 0.22
R2 0.90

3 g 50 O gine 00 st O3l (gl (gl s slel

Dl St gy 2 -\\Y
oy e slagles 53 Cis ol i St (s 2
CE_..-J.s i J=bole coll Gus cods Cs s aS o
.(Ho and Mckay, 1999) 15 s J =8 Jlw - sal> S 2
S5 gladan b ol St 5lsal Cewsgy 25 glassls
Lo zalyly yslie 5 \Y IS5 55 of 2 S s asls 55 eas
Gb ool sadasls ol ¥ Jgar s adae 51 o sl s
£33 4o o 4 (St Jis el g 2 el Cossy ok
S oad 5t O3l gl Ul 4 e 4d (S Jue 4 S
s Pl Qi e b e o Sl ues 5 ol
4 (St Jis (gl 5 e 33 ol st st sl
s 1 sl J gl 45 0 0 (St Jan 5 268 095 45 0

3
2l
= 2]
7 5
PIRER g
2 q
0.5
0

40 60 80 100

Time (min)

oS5V lasen Jaa R 8 1t paitn o5V 5 s b S
o 3 a5 it 8 slesed 5 iy sad s O3l g
iz kb, Wl e sl ol s g3 5l 6 e (a5l eSSY e
0352 Ser Sl ol SuS o g5 54 1 () o522 02
D3l pha oSN Jae Dls 3 el izl O3l b
Lo g 0 SO e Jlasl 0l o 5 ol C3 15856 & 50w
AR OV SO O ot end i sbp g S g osbe s 2 iy
3 bl D3l b (55 Dl slo S e 5 03 S
Fooid i sl e 281y s gy aiie SLLS
sad st O3la gl e SOY Jae 53 Qi Ol e cams e
31 6ok L ey e S s 5,57 ¢S RSk YY/ Y
(Peniche-Covas et al., 1992, Hadavifar et al., l_muu 95
A Qi b b glls o5 54 «$2014, Azari et al., 2016)
S 5V ok ol ation oS 0 SLa 85 5 YA/

0 50 100 150

Time (min)

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

Y.

Pseudo-second-order

Pseudo-first-order

t 1 1 k;t Concs.
a = K,q2 + (a) t log(q. — q¢) = log(qe) — 2. 3103 Qesexp (mg/L)
R? g.calc: mg/g Kk,: min~! R? gecalc:mg/g  k;:min?!
1 67.11 0.1057 - - - 66.81 10
1 136.98 0.020.49 - - - 136.85 20
0.99 227.27 0.00032 0.98 170.60 0.039 204.33 30
0.99 250 0.00041 0.96 156.85 0.035 232.85 40
0.99 256.41 0.00047 0.90 139.15 0.027 2447 50
0.99 285.71 0.00044 0.92 156.78 0.031 269.89 60
0.99 312.52 0.00042 0.91 164.89 0.029 297.97 70
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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
Temperature (K) AG°(kJ/mol) AS°(J/mol. K) AH°(kJ/mol) R’

288 -7.033

2% 6710 32.29 16.33 0.9705
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