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ABSTRACT 

Physically and chemically modified natural polymers such as chitin and 

chitosan are used as adsorbents to remove toxic heavy metal ions from water and 

wastewater. In the present study, epichlorohydrin cross-linked xanthated chitosan 

(ECXCs) was prepared and used as an adsorbent to remove of Pb(II) from aqueous 

solution. The prepared adsorbent was characterized using FTIR and 13CNMR 

spectroscopy. The effect of solution pH, temperature, contact time and initial 

concentration of Pb(II) on adsorption capacity of ECXCs were studied to establish 

the optimum adsorption conditions. The adsorption equilibrium data were correlated 

with the Langmuir and Freundlich isotherm models. In order to know the rate of 

adsorption, the adsorption kinetics data were evaluated based on the Legergren-first-

order and pseudo-second-order kinetics models. Thermodynamic parameters such 

as Gibbs free energy change, enthalpy change and entropy change were calculated.  

 

Keywords: Pb(II); Adsorption; Cross-linked chitosan; Adsorption isotherms; 

Kinetics  

 

Introduction 

Pb(II) is a well known toxic heavy metal ion which can cause serious health 

disorders when its contaminant level in drinking water exceed to 0.05 mg L1. Lead 

is widely used in photographic materials, explosives, fuels, printing, pigments and 

battery manufacturing industries. The direct discharge of industrial effluents 

containing higher levels of Pb(II) into the environment is the one of the main cause 

of Pb(II) pollution. A number of physicochemical processes have been developed to 

treat the water and industrial wastewater. 

 

Chitosan is a natural bio polymer, which shows high affinity for metal ions 

due to presence of free amine (–NH2) and hydroxyl (–OH) groups. A number of 

authors studied the Pb(II) ion adsorption properties of chitosan and chemically 

modified chitosan namely,  epichloro-hydrin cross-linked chitosan, N,O-

carboxymethyl chitosan resin, chitosan-tripolyphosphate beads, glutaraldehyde 

cross-linked xanthated chitosan  [1-4].  Adsorption properties of xanthated chitosan 

for the removal of Pb(II) is not studied so far.  

 

In the present work,  the Pb(II) ion removal efficiency of epichlorohydrin 

cross-linked xanthated chitosan (ECXCs) was studied. The influence of initial pH, 
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temperature, contact time and initial concentration of Pb(II) solution on the 

adsorption capacity of ECXCs for Pb(II) ion was investigated. The linearized 

Langmuir and Freundlich isotherms were used to evaluate the equilibrium adsorption 

data. The adsorption rates were also determined based on the Legergen-first-order 

and pseudo-second-order kinetics models. Thermodynamic parameters for the 

adsorption of Pb(II) ions were also studied. 

 

Materials and methods 

Chitosan in the form of flakes with an average molecular weight of 400 kDa 

and 74 % degree of deacetylation was purchased from Fluka and was used as 

received. epichlorohydrin, lead nitrate carbon disulphide and all other chemicals of 

analytical reagent grade were used. Stock solutions of Pb(II) were prepared from lead 

nitrate (Pb(NO3)). Ultra-pure water of 0.05 µs/cm conductivity was used to prepare 

all the solutions. 

 

Preparation of epichlorohydrin cross-linked xanthate chitosan (ECXCs) 

Chitosan flakes were first cross-linked with epichlorohydrin and then 

chemically modified as xanthate chitosan [5]. Chito-san flakes were suspended in 100 

mL of 5 % NaOH solution and epichlorohydrin solution of 50 mM. After stirring the 

contents for about 24 h at the temperature of 60oC, the product was filtered and 

washed several times with ultra-pure water and ethanol. Cross-linked chitosan flakes 

were treated with 25 mL of 14 % NaOH solution and carbon disulphide. The mix-

ture was stirred at room temperature for 24 h. The obtained orange colour flakes, 

epichlorohydrin cross-linked xanthate chitosan (ECXCs) was washed thoroughly 

with ultra-pure water, air dried and used in all the experiments.  

 

Characterization of ECXCs 

The FTIR spectra of ECXCs before and after adsorption of Pb(II) were 

recorded using Shimadzu 820 1PC FTIR spectro-meter with a resolution of 4 cm-1. 

The powdered sorbent before and after adsor-ption of Pb(II) was blended separately 

with spectroscopic grade KBr in an agate mortar and then pressed into a tablet. The 

FTIR spectrum of each tablet was scanned within the spectral range of 400-4000cm-1. 

 

Determination of Pb(II) ions 

Concentration of Pb(II) ions was determ-ined in differential pulse waveform 

at a hanging mercury drop electrode (HMDE). Differential pulse polarograms of the 

Pb(II) sample solutions were taken by scanning in the potential range of -0.02 to -

0.06 V versus Ag/AgCl at the scan rate of 5 mV/s with the help of electrochemical 

analyser (Metrohm model 663VA, Switzerland). Sample solution was taken in an 

electrochemical cell, which contains 0.1M KCl solution as a supporting electrolyte. 

Prior to analysis, the sample solution was purged with pure N2 for about 600 sec to 

eliminate the interference due to dissolved oxygen. In order to reduce the sample 

matrix effect, the concentration of Pb(II) ions in the sample solution was determined 

by standard addition method. The concentration of Pb(II) in the solutions is measured 

using the following equation (1).                           
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Where i1 is the current peak height of the sample (µA), i2 is the current peak height 

of the sample and standard solution added (µA), V is the total volume of the solution 

(mL), v is the volume of the standard solution (mL), Cstd is the concentration of the 

standard solution (mg L-1), Cs is the concentration of metal ion in the sample solution 

(mg L-1). 

 

Adsorption equilibrium experiments 

Batch adsorption experiments were carried out in 300 mL reagent bottles. 

The bottles containing Pb(II) solution and a certain amount of sorbent were agitated 

at 100 rpm in a thermostatic shaking incubator to reach the adsorption equilibrium. 

The accuracy of the temperature control was + 1.0oC. To evaluate the effect of pH, 

temperature, sorbent dosage, contact time and initial concentration of Pb(II) on 

adsorption capacities of ECXCs for Pb(II) the experiments were carried out in a batch 

mode. Adsorption isotherm studies were conducted at two different temperatures of 

20 and 50oC by varying the initial concen-tration of Pb(II) from 50 to 500 mg L-1. 

Adsorption kinetics was studied by varying the initial concentration of Pb(II) from 50 

to 500 mg L-1 with the contact time of 24 h. During the kinetics experiments, aliquot 

samples were withdrawn at fixed intervals and the concentration of Pb(II) was 

determined. The amount of Pb(II) adsorbed per unit mass of sorbent was calculated 

using the  fallowing mass balance equation (2). 

 

M
VCC

Q t
t

)( 0      (2) 

Where Qt is maximum adsorption capacity (mg g-1) at time t, C0 is the initial 

concentration of Pb(II) and Ct is the concentration of Pb(II) at equilibrium (mg L-1), 

V is the volume of Pb(II) solution (mL) and M is the mass of the sorbent (g). 

Results and discussion 

Characterization of ECXCs 

The sorbent ECXCs was characterised by FTIR, 13C NMR spectral studies. 

Figure. 1 shows the FTIR spectrum of ECXCs before and after adsorption of Pb(II) 

ions. The broad absorption band around 3431 cm-1 is indicative of the existence of –

OH and –NH2 groups on ECXCs. The appearance of C=O stretching vibration of 

amide at 1628 cm−1 indicates the partial deacetylation of chitosan. A sharp peak at 

1090 cm-1 is due to C–O stretching of C–O–C group, which is formed during the 

cross-linking reaction between epichloro-hydrin and chitosan [6]. The peak at  1090 

cm-1 corresponds to the stretching vibrations of C–O and C=S in alcohol and xanthate 

groups, respectively. A weak peak at 2361 cm-1 corresponds to SH stretching 

frequency. Comparison of the peaks corresponding to CO and C=S stretching 
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vibrations before and after adsorption of Pb(II) shows significant change. This may 

be attributed to interaction of Pb(II) ions with C=S of xanthate and C−O of alcoholic 

groups. the structure of ECXCs is further conformed from the 13C NMR. 

The solid state 13C NMR spectrum of ECXCs is given in Figure 2. A peak for 

carbon C1, bonded to two oxygen atoms of ether group is found at 103.95 ppm and 

the peaks due to carbon C4 and C5, attached to oxygen of ether group, are found at 

83.46 and 80.57 ppm . The peak due to carbon C2, connected to amine group is 

observed at 55.45 ppm. The peaks due to carbons, C3 and C6, linked to oxygen of 

alcohol groups, CH–OH and CH2–OH are found at 73.58 and 59.41 ppm, 

respectively. The appearance of these two peaks infers the presence of free alcohol 

groups, which do not participate in the process of cross-linking reaction as well as the 

xanthate grafting reaction. Nevertheless, a peak at 80.57 ppm may be assigned to the 

carbon connected to xanthate group (C−O−CS2), which is formed during the xanthate 

grafting reaction. In addition, a small peak at 215 ppm corresponds to the carbon of 

linked to sulphur of xanthate group (HS–C=S), which infers the presence of xanthate 

group on ECXCs. It may be noted that Eduardo et al. observed a peak due to carbon 

bonded to sulphur of xanthate group at 214.80 ppm in the solid sate 13C NMR 

spectrum of chitosan dithiocarbamide. A small peak at 21.89 ppm is assigned to the 

carbon of methylene (−CH2) group. 

 
Figure 1. FTIR spectra of ECXCs, (A) before adsorption of Pb(II) and (B) after  

adsorption of Pb(II). 
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Figure  4. 13C NMR spectrum of ECXCs. 

Effect of pH on adsorption of Pb(II) 

The effect of pH on the Pb(II) adsorption capacity of ECXCs was studied in 

the pH range of 2.0−5.0, as at the pH 6.0, lead is precipitated as an insoluble 

hydroxide (Pb(OH)2). When the initial pH of the solution is increased from 2.0 to 5.0, 

the adsorption capacity of ECXCs increases from 9.7 to 39.0 mg g−1 and  the highest 

adsorption capacity of Pb(II) is observed at pH 5.0.  

 

Effect of temperature on adsorption of Pb(II) 

The effect of temperature on the adsorption capacity of ECXCs was 

investigated at pH 5.0. The temperature was varied from 20 to 50 oC by fixing the 

contact time as 24 h and initial concentration of Pb(II) as 50 mg L−1. It is observed 

that the adsorption of Pb(II) is decreased from 39.2 to 24.3 mg g−1 for ECXCs with 

an increase in temperature from 20 to 50oC. That means, chemisorption of Pb(II) on 

ECXCs is more favourable at lower temperatures.  

 

Effect of contact time on adsorption of Pb(II) 

After determining the optimum pH and temperature, the effect of contact time 

on the adsorption capacity of ECXCs for Pb(II) was investigated at 20 oC by varying 

contact time in the range of 30−720 min to ensure complete adsorption. It is observed 

that the adsorption capacities of both the sorbents increases with contact time and 

reach saturation beyond  the contact time of 12 h. 

 

Effect of initial concentration on pb(II) adsorption  

Effect of initial concentration of Pb(II) on adsorption capacities of ECXCs 

was investigated under the optimum conditions at an adsorbent dosage of 0.1g 100 

mL−1. The initial concentration of Pb(II) was varied from 50 to 500 mg L−1. It is 

observed that as the concentration of Pb(II) is increased from 50 to 500 mg/L, the 

amount of adsorbed Pb(II) is increased from 43.2 to 74.3 mg g−1. This is because the 

diffusion of Pb(II) ions through the solution to the surface of adsorbents is affected 

by the change in initial concentration of Pb(II). 



INTERNATIONAL JOURNAL OF MULTIDISCIPLINARY ADVANCED RESEARCH TRENDS 
ISSN : 2349-7408  
VOLUME IV, ISSUE 1(3) JANUARY, 2017 

 10 

Adsorption isotherm studies 

The isotherm of an adsorption system provides an approximate estimation of 

sorption capacity of the adsorbents. In the present study, the sorption data have been 

analyzed according to the linear forms of both Langmuir and Freundlich isotherm 

equations, which are given in equation (3) and (4) respectively [7-8]. 
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In the equations (3) and (4) Ce is the equilibrium concentration of Pb(II) in 

solution (mg L-1), qe is the equilibrium concentration of Pb(II) on the adsorbent (mg 

g-1). Qm is the monolayer adsorption capacity of the adsorbent (mg g-1) and KL is the 

Langmuir constant, which is related to the energy of adsorption. KF and n are 

Freundlich constant and intensity factor, respectively. 

 

On comparing the linear correlation coefficients and 2 values of both the 

sorbents, it can be inferred that in the studied concentration range, adsorption of Pb(II) 

on ECXCs fitted better with the Langmuir isotherm model than the Freundlich 

isotherm model. The same behavior was observed by several authors, who 

investigated adsorption of Pb(II) on different sorbents such as chitosan nanoparticles, 

chitosan coated sand, hydroxyapatite/chitosan composite and chitosan poly 

(vinylalcohol) films [9-11]. 

 

Table1. Langmuir and Freundlich isotherms constants at different temperatures. 
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3.7. Adsorption kinetics 

The kinetics data of Pb(II) adsorption on ECX and GCX have tested with 

respect to first-order-model of Lagergren and pseudo -second-order kinetics model at 

different  initial concentrations of Pb(II). The linearized forms of Lagergren-first-

order and pseudo-second-order kinetics equations are given in the equations (5) and 

(6) respectively [12-13].  

log (qe qt) = log qe 
2.303

tk1              (5) 

tq
t

= 2
e2qk

1
+

eq
t

                                (6) 

 

In the equations (6) and (7), qe and qt (mg g−1) are the amounts of Pb(II) 

adsorbed on the adsorbent at equilibrium and at time t, respectively. k1 (min−1) and k2 

(g mg−1 min−1) are the rate constants of Lagergren-first-order and pseudo-second-

order model for the adsorption process, respectively. For all the studied 

concentrations of Pb(II), the experimental data show good agree-ment with the 

pseudo-second-order kinetics model. The correlation coefficient values are found to 

be greater than 0.9931 and the theoretical qcal values calculated from the pseudo-

second-order kinetics model agree very well with the experimental values.  

 

Table 2. Lagergren-first-order and pseudo-second-order rate constants at different 

Pb(II) concentrations. 
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3.8. Thermodynamic parameters of adsorption 

The thermodynamic parameters, Gibbs free energy change (∆Go), the 

enthalpy change (∆Ho) and the entropy change (∆So) was calculated from the 

variation of the equilibrium constant KL with the change in temperature. Gibbs free 

energy change (∆Go), enthalpy change (∆Ho) and entropy change (∆So) were 

calculated using the following equations (7) and (8) [14-16].  

∆Go = −R T ln KL                (7) 

RT
ΔH

R
ΔSKln 

oo

d              (8) 

 

Where R is universal gas constante (8.314 J mol−1 K−1), T is the absolute 

temperature (K), KL is the Langmuir constant (L mg−1), Kd is the distribution 

coefficient (L mg−1). The values of ∆Ho and ∆So are calculated from the slope and 

intercept of the plots of ln Kd versus 1/T. The negative values of ∆Go indicate that the 

adsorption of Pb(II) on ECXCs is spontaneous. The negative, ∆So values suggests an 

decrease in randomness at the solid/solution interface during the adsorption of Pb(II) 

ions on the sorbents. The negative enthalpy change values (∆Ho) also suggest that the 

chemi-sorption of Pb(II) on ECXCs is more favourable at low temperature and the 

adsorption process is exothermic in nature.  

 

Table 3. Thermodynamic parameters of ECXCs at different temperatures. 

 
 

Conclusions 

The results of present investigation illustrate that ECXCs showed 

considerable potential for the removal of Pb(II) from aqueous solutions. The  

maximum adsorption capacity is observed at pH 5.0 and 20oC. the adsorption 

equilibrium data fit to Langmuir isotherm model and adsorption rate fallows pseudo-

second-order. The thermodynamic data also indicated that the adsorption process is 

dominated by entropy rather than enthalpy changes. 
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