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Introduction

Chitosan is a non toxic, bio-degradable biopolymer produced by alkaline N-deacetylation
of chitin, the most abundant natural polymer after cellulose .Chitin is present in the exoskeleton
of crustaceans such as Crabs, Prawns, Shrimps, the cuticles of insects and the cell walls of
fungii and isa cheap resource available in sea food industries. Chitosan consist of 2-
amino -2-deoxy (1-4) B —D glucopyaranose residues. It has many applications in biomedical,
agriculture, waste water purification, environmental protection and biotechnology. Chitosan is
soluble in acid pH range but insoluble in neutral and basic pH range.

Chitosan and its derivatives are capable of adsorbing a number of metal ions and its
amino nitrogen can serve as chelation sites. Due to their high nitrogen content and porosity,
chitosan based sorbents have exhibited relatively high sorption capacities for heavy metals such
as Pb, Cd, Ni, Cu and oxyanions as well as complex metal ions. Since most of the effluents are
acidic, chitosan itself cannot be used effectively because chitosan is soluble in acids. But its
derivatives are effectively used for the treatment of wastes in acid solutions also.

Heavy metals are not biodegradable and tend to accumulate in living organisms, causing
various diseases and disorders. Mercury, the oldest metal known to man, may enter the
environment at any point during mining, refining, geological erosion, manufacturing processes
and industrial wastes. Hg interferes with the metabolism. It accumulate in the bone, kidneys and
other intrrnal organs. Chitosan has been widely used for the removal of heavy metals from
neutral and basic solutions. Since Chitosan is soluble in acidic media, attempts have been made
by various researchers to chemically modify Chitosan so that the derivatives can be used in
acidic effluents as sorbents. Here we have prepared a schiff base from chitosan and citral namely
citralidene chitoan.The use of schiff base as sorbent also has environmental significance. The
schiff base was characterized by SEM and FTIR and evaluated for its mercury (II) sorption

capacity. Sorption experiments for the optimization of parameters viz: contact time, sorbent dose
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and pH were done initially and then carried out the kinetics and equilibrium studies. The
experimental data were applied to Langmuir and Freundlich models and kinetics parameters have
been evaluated. Sorption of mercury on citralidene chitosan, CCD was confirmed by SEM, IR,
XRD.
Materials and Methods
Materials

Chitosan with 85 percent degree of deacetylation and citral were purchased from Sigma
Aldrich Co; USA and used as such. Mercury acetate was Merck grade. Methanol and acetic
acid were also Merck quality. All other chemicals used were of analytical grade. All reagents
were prepared in deionized water.
Preparation of schiff base

2g chitosan was dissolved in 50 ml Spercent acetic acid(v/v), 1.8 ml citral in 50 ml
methanol was added to the viscouse chitosan solution. Stirred for 8 hrs using a magnetic stirrer.
Kept overnight. Filtered and washed with methanol. Distilled off methanol and acetic acid and
dried at 50°C for 24 hrs.
Sorption experiments

Stock solution of 500 mg/L Hg (II) was prepared from mercury(Il) acetate using
deionized water. All other concentrations were prepared from this solution by dilution.
Optimization of parameters viz; contact time, sorbent dose and pH were carried out initially. The
effect of contact time on sorption capacity of the schiff base was studied in range of 1-4 hrs at
initial concentrations of 400 mg/L at pH 6 with sorbent dose of 25 mg. The effect of sorbent dose
on sorption capacity was studied by varying mass of the schiff base from 25mg to 100mg at an
initial Hg(II) concentrations of 400 mg/L. (25ml). For pH studies the pH was varied by conc:
HNO; and NaOH from 1 to 7 and was determined using a pH meter (Systronics make). All
sorptions experiments were carried out by stirring 2h at a pH of 6 using a magnetic stirrer at
moderate speed in 125 ml borosilicate glass stoppered bottle. Each experiment was duplicated
under identical conditions.The aq:phase Hg(Il) concentration was analysed with Shimadzu AA-
6300 AAS instrument with slit width 0.7nm and wavelength 253.7nm.

For kinetic studies 400 mg/L Hg(Il) solutions was stirred for 4 hours at room

temperature (30°C). 1 ml of the sample was withdrawn in each hour, diluted and concentrations
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were determined(q;).The equilibrium studies were conducted using Hg(Il) solutions of different
initial concentrations ranging from 100 to 500 mg/L. All solutions were diluted properly to put
down in the working range of AAS.

The amount of sorption at equilibrium q. (mg/g) was obtained from the equation
q=[(Ci-Ce)V]/W where Ci is the initial concentration of Pb(II)/Hg(Il) in the aq:phase in mg/L,V
is the volume of the solution (L) and W is the weight of the schiff base used (g).

Results and Discussion
Characterization of Citralidene chitosan

In the Schiff base formation the amino group of chitosan condenses with the aldehyde
group of Citral. The biopolymer Schiff base formed was yellow in colour, stable in air and
insoluble in common organic solvents and in mineral and organic acids which shows the
conversion of amino group into imine group. The FTIR spectroscopy was used to confirm the
structure of the Schiff base.IR peaks at 1683.55 cm™ and 1635.4 cm™ indicate the formation of
of imine group(C=N). The FTIR spectra of Hg (II) loaded Schiff base indicated binding of Hg
(IT) through oxygen of -CHOH group and C=N group . The shifting of the band 1451.7 cm-1 in
the Schiff base to 1456.96 cm-1 indicate the involvement of C=N in binding Hg(IT).SEM images
showed that the surface morphology of the Schiff base is different from that of chitosan. The
Schiff base was more porous and has more surface area, and is capable of accommodating metal

ions (Figures 1 and 2)

i

100um [ 15.0kV 12.9mm x500 SE 100um

Fig 1. SEM-Chitosan Fig 2. SEM-Citralidene chitosan
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Effect of Contact time

Sorption capacity of schiff base was determined by varying the contact time from 0 to 6h.
The results shows that sorption capacity increased sharply during the first hour, after that a slow
increase were observed until it reaches saturation in 3h. The sorption capacity of the Schiff base
in 3h was 294.51mg/g (Figure 3)
Effect of sorbent dose

Sorption experiments by varying adsorbent dose from 25 mg to 100mg shows that
sorption capacity decreased with increase in weight of the sorbent. Maximum sorption observed
(294.51mg/g) with a sorbent dose of 25mg.
Effect of pH

The metal ion removal from aqueous solutions is very much dependent on solution pH.
Effluents from industries and urban discharges are having very high or low pH. So pH study on
removal of metal ions is significant. Evaluated the sorption capacity of Schiff base for the
sorption of Hg(Il) at different pH values ranging from 1-7. Maximum sorption capacity was
observed at pH6 (294.51mg/g). Low pH restricts the number of binding sites for sorption. All

the sorption experiments were carried out at the optimum pH value of 6 (Figure 4)

Sorption Kinetics

The kinetics of sorption of Hg(II) on Schiff base indicated a rapid initial binding followed
by a slow increase until a state of equilibrium was reached in 3h. After 3 hours no further change
in concentration was observed. Sorption data were fitted to a pseudo second order kinetic model.
The rate constant for Hg(IT) was found to be 0.007 mg g h™, and sorption capacity q. equals
300.03 mgg™
Sorption Isotherm

Sorption experiment at various concentrations were carried out and applied to Langmuir
and Freundlich isotherm models. From linear Langmuir plot the maximum sorption capacity was
found to be 352.11 mgg' with Langmuir constant K; 0.0696 L/mg. Langmuir equilibrium

parameter Rp falls between 0 and 1 which indicates that sorbent is suitable for Hg(Il)
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sorption(Figure5). The Freundlinch constat Ky =38.41 mg'"".¢"L"™ and 1/n =0.4607. 1/n value

between land 0 indicate favourable sorption.SEM, IR and XRD images taken before and after
adsorption confirmed the sorption ( Figures 6,7 and 8)
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Fig 8. SEM-comparison

Conclusion

A Schiff base of chitosan with citral was prepared and characterized by Fourier
Transform IR spectroscopy and Scanning electron microscopy. The Schiff base was evaluated
for Hg(II) sorption. The sorption occurred and followed pseudo second order kinetics. Sorption
data fitted to both Freundlich and Langmuir isotherms. The maximum sorption capacity was
found to be 352.11 mg/g. Isotherm studies indicated that the Schiff base has different binding

sites having different binding affinities. The sorption was spontaneous. Thus the Schiff base
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from chitosan and citral, the citralidene chitosan was found to be an efficient, cheap and
biodegradable sorbent for Hg(I).
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