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ABSTRACT

In this study, chitosan beads were produced fromtosan flakes. The researches on adsorptive pragserof
chitosan beads were carried out. The effect of péhtact time, temperature and initial concentratiamere
investigated. The results obtained on the adsonptib nickel were analyzed by the well known modelen by
Langmuir and Freundlich. The maximum adsorptionagdy for chitosan gel beads at a temperature d8K9
initial concentration of 40mg/L, contact time ofn3d and pH 5.0 in solution was found to be 30.5mg/g
Thermodynamic parameters of the adsorption prosesh as the standard Gibb’s free energy change, dreergy

change AG?), enthalpy change§H °) and entropy change/AS®) were calculated. The result showed that
adsorption of nickel ions in aqueous solution byagan beads was spontaneous and endodermic imenatu
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INTRODUCTION

The ground and surface waters pollution by chemimahtaminants is a worldwide problem. Heavy metal
contamination of water sources is hazardous totglaanimals and microorganism and can be carcinogen
mankind. On the other hand, metals are playing mapé roles in most industries [1]. Nickel is ugednake metal
alloys such as stainless steel. It can be usedm@mpaund fro coloring ceramics, nickel-plating, miaeturing
batteries and as a catalyst [2]. Nickel ions careipeoved from water or wastewater physically ometeally due to
the fact that they are unbiodegradable. Severahigues have been proposed for the removal of hioks from
water and wastewater including chemical precigitatimembrane filtration, ion exchange, electrolyarsd
adsorption. Most of these methods are inefficiehemvit comes to treating water with low metal corication
[3-5].

The use of chitosan as an adsorptive polymer inovémy a wide range of contaminant has been a major
development in the past years [6]. Chitosan is doabundantly on earth and is obtained by industilhline
deacetylation of chitin. It is worth noting that ang many biopolymers, chitosan has the highestrptisn
capacity for metals because the amino and hydmgotdps on chitosan chains serve as coordinaties. diitrogen
and oxygen atoms have free electron doublets Hratreact with metal cations. Stronger attractiotheflone pair

of electrons to the nucleus in an oxygen atom ceimg&ao nitrogen atom causes the more tendencyitaigen
atoms to donate the lone pair of electrons forisgawith a metal ion to form a metal complex. Smio groups

are responsible for the uptake metal ion. Also higln concentration of metal salt anions causesratien of these
anions by polymer. Consequently, chitosan posseasesgatively charged characteristic and showstiadél
ability for metal cations by electrostatic mechamig-9].

In this study, chitosan gel beads were produceth fohitosan flakes. The research on adsorptive ptiepeof

chitosan beads was carried out. The effect of pbhtact time, temperature and initial concentrativas
investigated.
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EXPERIMENTAL SECTION

2.1 Preparation of the adsorbents

The 70% (w/w) chitosan solution was made by digaglw5.3g of chitosan flakes in 1L of 3.0% (v/v)etic acid

solution. The dissolved chitosan solution was ridte through a polystyrene sieve with mush 100umetoove
impurities, formation of chitosan gel beads is smidake place when the filtrate comes in contaith WM of

sodium hydroxide solution. The product of chitog@hbeads was thus obtained and then stored fardasorption
experiments.

2.2 Adsorption experiments

Adsorption experiments were conducted in a setdff &L Erlenmeyer flasks containing 0.50g of chitoggel
beads and 100 mL of nickel ion solutions with vasiénitial concentrations (40mg/L, 60mg/L, 80mgll00 mg/L
and 120mg/L). The initial pH was adjusted to 5.¢hvii mol/L HCI. The flasks were placed in a shaktea constant
temperature (293, 303 and 313K) and 200 rpm. Thapkes were filtered and the residual concentratibnickel
ion was analyzed by atomic absorption spectrophetonfAAS).

2.3 Analytical methods
The amount of adsorbed nickel iof}, (mg/g) at different time, was calculated as foow

_ (Co —Ct)XV
m

Ok 1)

where C, and C, (mg/L) are the initial and equilibrium liquid-presoncentrations of nickel ion respectively.

V (L) is the solution volume andn (g) is the mass of adsorbent used.

2.4 Statistical analyses of data

All experiments were repeated in duplicate anddhi of results were the mean and the standarati®vi(SD).
The value of the SD was calculated by Excel Sogwail error estimates given in the text and ebars in figures
are standard deviation of means (mean+SD). Alissteal significance was noted @t0.05 unless otherwise noted.

RESULTSAND DISCUSSION

3.1 Effect of pH in solution

The pH in solution is an important regulating fadto adsorption process. The adsorption of metas oy surface
functional group is highly dependent on pH in solut To determine the optimum pH for the adsorptafn
Nickel(II) ions onto chitosan gel beads, the percentagewvanad Nickel(Il) ions as a function of hydrogen ion
concentration was examined at an initial conceioinadf 40mg/L. Effect of pH was showed in Fig.1. stsown in
Fig.1, it showed a decrease in the removal ratdiciel(II) ions at lower pH conditions. At lower pH, hydroge
ions occupy most of the adsorption sites on théasarof the adsorbent and the results to a veryddsorption of
nickel ions due to electrostatic repulsion. Howewecreasing the pH of the solutions results toeardase in the
competition of hydrogen ions with nickel ions fatsarption sites and thus facilitating higher rataemoval of
nickel ions. Moreover, increasing the pH above &8ulted to the precipitation of insoluble nickeldihoxide,
causing a decrease in the removal of nickel ions.

3.2 Effect of contact time

The effect of contact time is importance in adsorpexperiment. Adsorption of nickel ions onto osén gel beads
was investigated at various contact time from 30tmi210min. The results were shown as Fig.2. Dutirggfirst
30min, the removal of nickel ions proceeds fastéth wime and then increases slightly. Finally, @aches
equilibrium.
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Fig.1 Effect of pH in solution on removal of nickel ions by chitosan gel beadsat initial concentration of 40 mg/L, contact time of 30min,
293K and 200 rpm
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Fig.2 Effect of contact time on removal of nickel ions by chitosan gel beads at initial concentration of 40 mg/L, pH5.0, 293K and 200 rpm

3.3 Effect of initial concentration

The effect of initial concentration was carried atitvarious initial concentrations of 40-120mg/lheTadsorption
results were shown as Fig.3. The equilibrium oamifaster with initial concentration. This obseiwatis due to
the fact that at lower initial nickel ions concextion, sufficient sites responsible for adsorptidmickel ions are
available. As the concentration of nickel ions @ages, the numbers of nickel ions become relatiheer
compared to the availability of adsorption siteenkk, the rate of removal of nickel ions is depahda the initial
concentration of nickel ions and also decreasds iwdrease in concentration of nickel ions.
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Fig.3 Effect of initial concentration of nickel ionson removal of nickel ions by chitosan gel beads at contact time of 30min, pH5.0, 293K
and 200 rpm

3.4 Adsorption isotherm

The capacity of an adsorbent can be describedsbggtilibrium sorption isotherm. The Langmuir anéundlich
adsorption models are commonly adopted to inve®titfae adsorption behavior of materials and theetation
among adsorption parameters. Accordingly, equiliforidata were simulated by the Langmuir [10] andufdéich
models [11].

The Langmuir isotherm equation is represented bydhowing Eq. (2):
q, = ImKiCe )
° 1+K.C,

Where C, is the equilibrium concentration of nickel ionsgf), ¢, is the amount of nickel ions adsorbed

(mg/g), q,, is the maximum adsorption capacity of nickel iqngg/g), and K| is the Langmuir adsorption
equilibrium constant (L/mg) related to the affindf/the binding sites.

The Freundlich isotherm equation is described byftlowing Eq. (3):

1

ge = K:CJ @3)

Where K and n are the Freundlich adsorption isotherm constaviéch are indicators of adsorption capacity
and adsorption intensity respectively.

The corresponding values of Langmuir and Freundkottherms for nickel ions adsorption on chitosah lipads
were listed in Table 1. The results indicate thet Langmuir isotherm fits better than the Freurdigotherm,

which may be due to homogeneous distribution dizadites onto chitosan gel beads. The valuekof or K

is between 0 and 1, which indicate heterogeneitthefadsorbents and favorable adsorption [12]. MAgimum
adsorption capacity obtained from the Langmuirhisotn is 30.5 mg/g.
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Table 1 Equilibrium model parametersfor the adsor ption of nickel ions onto chitosan gel beads. Experimental conditions: 0.50g of
chitosan gel beads, contact time of 30 min, 293 K, 200 rpm and pH 5.0 in solution

Langmuir model Freundlich model
O, myg) K, wmg R2 Kimgg n R2
30.5 0.024 0.9713 0.431 0.4892 0.945

3.5 Thermodynamic studies

The thermodynamic parameters of free energy ch(aﬂ@o), enthalpy changefH O) and entropy change/_‘(SO)
were used to describe thermodynamic behavior ohtsmrption of nickel ions onto the chitosan geddse These
parameters were calculated from the following eignat[13].

AG® = -RTInK, (4)
0 0

nK, = Ai - A:T ©)

K, =% 6)

where T is the solution temperature (KW, is the adsorption equilibrium constanl® is the gas constant
(8.314 Jnol*K™), Q. is the amount of adsorbate adsorbed per unit wladsorbate at equilibrium (mg/g) and

C, is the equilibrium concentration of the adsork{atg/L).

Thermodynamic parameterdH °, AS® and AG?) for nickel ions adsorption were evaluated usiog.B4)-(6).
The values of AH® and AS® were determined from the slope and intercept efgiiot of In K, versus 1/T.

The values of AH °,AS® and AG°are listed in Table 2.

Table 2 Thermodynamic parametersfor the adsor ption of nickel ion onto chitosan gel beads

Temperature () AG° (kamol) AH © (kaimoly  AS® (Ka/mol)

293 -1.46 34.29 0.21
303 -4.32 34.29 0.21
313 -5.26 34.29 0.21

As the temperature increases, and the valuA@® decreases. It indicated that less driving forcd hance

resulting in lesser adsorption capacity at highemgeratures. The negative values AG® indicates the
adsorption of nickel ion onto chitosan gel beadsgentaneous and thermodynamically favorable. Tdtipe

value of AH° indicated that the sorption process was endotheimmature. The positive value AS® showed
the increasing randomness at solid/solution intedawith some structural changes in the adsorbate the
adsorbent and an affinity of the adsorbent.

CONCLUSION

In this experiment, chitosan beads were producenh fthitosan flakes. The chitosan gel beads werd urs¢he
removal of nickel ions in solution. The resultsigade that the Langmuir isotherm fits better thhe Freundlich
isotherm. The values of the thermodynamic pararmetarealed that the adsorption of nickel ion ortidosan gel
beads is spontaneous and thermodynamically favardhle increasing randomness at solid/solutionfanted with
some structural changes in the adsorbate and Huoelaeht and an affinity of the adsorbent.
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