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ABSTRACT

In the present work, the usefulness of chitin and chitosan has been investigated for the removal of Zn*", Cd** and
Cu?*. Kinetic data and equilibrium sorption isotherm were measured in batch conditions. The influence of different
experimental parameters such as time contact, initial concentration of zinc, chitin mass, initial pH of solution and
temperature on the kinetics of zinc removal was studied. The main parameters that play an important part in
removal phenomenon were initial zinc concentration, chitin mass and initial pH of solution. The process follows a
pseudo second-order kinetics. The zinc uptake of chitin was quantitatively evaluated using sorption isotherms. In
order to describe the isotherm mathematically, the experimental data of the removal equilibrium were correlated by
either the Langmuir or Freundlich equations. Results indicated that the Langmuir model gave a better fit to the
experimental data than the Freundlich equation. Scanning electron microscopy dispersed analysis for zinc-
equilibrated chitin, demonstrated that zinc existed on its surface. The biosorption of the metals studied by chitin and
the chitosane variesin the same order : Cu (1) > Cd (II) > Zn (1) and the quantities biosorbed in equilibrium by
the chitosan are higher than that of chitin.
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INTRODUCTION

Aqueous effluents emanating from many industriestain dissolved heavy metals. If these dischasgesmitted
without treatment, they may have an adverse impacthe environment [1]. Higher awareness of thdogpcal
effects of toxic metals and their accumulation tigio food chains has prompted a demand for purificaof
industrial waste waters prior to their discharg® ithe natural water bodies and increasing intdrastbeen shown
in the removal of heavy metals. The search forpeasive, but cost effective technologies, for heaeyal removal
from industrial wastewaters loaded with heavy miga$ normally leads to the use of materials ofdgjwal origin
as sorbents. Many technologies can eliminate ara@the presence of these metals in industrialegifs, being the
most practical of them precipitation and copreaifpitn, electrodeposition and electrocoagulatiormegtation,
membrane separation, solvent extraction, ion-exghasorption and biosorption [2]. Nowadays, bioforpis a
strongly explored technique; it is defined as passhot involving metabolically mediated processsgh the
property to bind metals by living or dead bioma3k [Considerable attention has been paid to the s¥goand
removal of valuable heavy metal ions from industaiad municipal wastewater by using various biotafses or
natural products, particularly because of the lawstcand high availability of these materials, withmeeding
arduous regeneration process for reuse, being lamdbbinding heavy metals by sorption, chelatiord éon
exchange processes [4,5]. These low-cost abunagduntah materials such as chitin, chitosan, alginegfulose,
peat and biomass require little processing andabrandant in nature, mainly when obtained as byymtsdand
waste from industry [6]. Chitin, a natural productnsisting of N-acetyl glucosamine units linked pby1—4)
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bonds, is one of the most abundant polysaccharidéise world, synthesized by an enormous numbéivofg
organisms and found as a structural componentetkoskeletons of crustaceans, the cuticles otissand the
cell walls of fungi and yeast [7]. Chitin carrieseolinear amino group per glucose ring, thus makiegtron pairs
available for coordination. It behaves as a Lewise[8].

Chitosan, a partially N-deacetylated product ofinhis an important natural biopolymer due tobitscompatibility
and biodegradability, with broad applications insteavater treatment

in chemical, biomedical and pharmaceutical appbicatand in agriculture and biotechnology [9].High nitrogen
atom contents allows uptake of several metal idmeuigh various mechanisms such as chelation, eltatic
attraction or ion-exchange, since both amine amftdxyyl groups act as chelating sites for metal id:0§.

The objective of this paper is to obtain the basiormation for the design of sorption equipmenhetic data and
equilibrium in batch systems. During this investiga, the effect of different experimental parametsuch as as
time contact, initial concentration of zinc, chitimass, initial pH of solution, agitation speed amthperature, on the
removal kinetics was also studied. In order to dbscthe isotherm mathematically, the experimedtth of the
removal equilibrium were correlated by either tl@gmuir or Freundlich equations. Spectroscopicrtiegles SEM
(scanning electron microscopy) were used to chariaet chitin, before and after equilibration wittetzinc ion, in
an attempt to better understand the mechanismefdmoval. The results obtained may contribute foetier
understanding or application of the sorption phesoanat the liquid/solid interface.

We also determined the affinity of chitin and thétasan according to three metals studied sepgrate
MATERIALS AND METHODS

Chitin and chitosan produced from shrimp carapaeere used throughout this work without any pnaiary
purification. Metal solutions of desired conceritvat were prepared from ZnQ@H,O, Cd(N@)..4H,O and
CuSQ.5H,0, by dissolving the exact quantities of metalssaitdistilled water.

2.1. Biosorption kinetics

For metal removal kinetics studies, 0.6 g of bibeot was contacted with 300 ml of metal solutionga beaker
agitated vigorously by a magnetic stirrer using aew bath maintained at a constant temperaturéaE.2 In all
cases, the working pH was that of the solution @ad not controlled. At appropriate time intervatiring was
briefly interrupted while 1 ml volumes of supern#taolutions after decantation were pipetted fromreactor and
were analyzed to determine the residual metal cdretion in the aqueous solution. This was doneqs
AURORA Al 1200 atomic absorption spectrophotomefBhe metal uptake q (mg ion metal/g sorbent) was
determined as follows :

q= (Co—C).v/m 1

where G and G are the initial and final metal ion concentratign®/l), respectively, v is the volume of solution
(ml), and m is the biosorbent weight (g) in dryrfor

2.2. Biosorption isotherm
The equilibrium isotherms were determined by cdittgca constant mass of biosorbent with a rarfgdifferent
concentrations of metal solutions

RESULTS AND DISCUSSION

3.1. Biosorption kinetics

Different parameters related to the biomateriainttal and the medium can influence the kineticgind removal
by chitin . In this context, the influence of vai® experimental parameters such as time of contautjal
concentration of zinc, mass of chitin used, ihiiE of solution, temperature and agitation speadthe kinetics of
zinc removal have been studied with a goal of opzétion.

3.1.1. Effect of contact time

According to figure 1, the kinetics of zinc remowsl chitin presents a shape characterized by agtircrease of
the capacity of zinc removal by chitin during thestf few minutes of contact between the solutiod &hitin,

follow-up of a slow increase until a state of edilm is reached. The necessary time to reachatuilibrium is
about 6 h and an increase of removal time to 2#&lndt show notable effects. At equilibrium, theamt of zinc
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biosorbed by chitin is about 5.35 mg/g. These alzEms are in agreement with the works of Wightraad coll
[11].

During the course of zinc removal by chitin, weioed an evolution in the value of the initial pH tbe solution
from 5.5 to 5.98 at the equilibrium. In order tvéstigate the reason of this pH value change,rarpats were
performed with the chitin tested in distilled waterder the same conditions in absence of metal ioitsal pH
value of solution exhibited an increase from 6 @656that can be interpreted as a possible fixatioH;O" ions by
the negative groups present on the biosorbentcairfaoncerning the decrease in its value in thegmee of zinc
ions, it can be interpreted by a competition betweznc ions and kD" [12] for binding sites. Similar observations
have been made by other researchers [13,14].
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Fig. 1: Kinetics of zinc sorption by chitin
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Fig. 2 : Effect of initial zinc concentration on tte sorption kinetics of zinc by chitin

3.1.2. Effect of initial zinc concentration

Several experiments were undertaken to study fleetedf varying the initial zinc concentration (280, 100, 200,
300 et 400 mg/l), on the zinc biosorption kinefitsn solution by chitin. The results obtained anewn in figure 2,
and indicate that the obtained curves have the s#mape. The necessary time to reach equilibriuvaitable
according to the initial concentration in zinc oab4 h (G=20 and 60 mg/l), 6 h (Co=100 mg/l) and 8 h (Co=300
and 400 mg/l). The amount of zinc biosorbed atettpailibrium increases with the initial zinc conagtibn from 20
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to 100 mg/l, this quantity remains constant whemitfitial metal concentration passes from 100 @400 mg/l.
This can be explained that starting from a certpiantity of metal fixed the sites of biosorptiohlmosorbant
material used are saturated. During the phenomehaimc removal, we also noticed an increase efitlitial pH
of the solution for all studied concentrations,haitit reaching the pH value of zinc precipitation.

3.1.3. Effect of chitin mass

In the goal to determine the necessary chitin dtyafar a maximal removal of zinc, the effect ofittlh mass on the
kinetic of zinc removal was studied. Figure 3 shawat the capacity of zinc sorption at equilibritoy chitin
increases with the quantity of chitin introduced1¢0.6 g), this can be explained by the fact thatarthe mass
increases, more the surface of contact offeretle@orption of zinc becomes important. Beyond 008 chitin, this
capacity of zinc does not nearly rise, and the makiquantity at the equilibrium of zinc removal tiyitin is about
5.35 mg/g. These observations are in agreemehttidt works of Benguella [15]. The smallest chitiass (0.1 g)
appears to have reached equilibrium after 2 h,enthié higher chitin masses (0.6 g) have achievadiledgum after
7 h. As above, the same phenomenon in the initiavgriation during the sorption experiment was obse.
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Fig. 3. Effect of chitin mass on the sorption kinéts of zinc by chitin

3.1.4. Effect of initial pH

The effect of pH in the solution on the removaiaéincy of Zn (II) by chitin was studied at differtepH values in
the range 2-7. As shown in figure 4, the initial pHzinc solution has an influence on the kinetidszinc
biosorption by chitin. The necessary time to reaghilibrium was in the range of 2—-4 h dependingritial pH of
solution. The amount of zinc biosorbed at the dopiilm increases with the initial pH value. Thesservations are
in agreement with the works of of other authors][T8uring the course of zinc removal by chitin, weioed an

increase of the pH of the solution with the inifidl value 2 and 4, thus translating a competikietween Zn2

ions and HBO * for binding sites of chitin. Regarding the initjgiH of solution equal to 7, the pH decreases in the

course of timethat can be explained by a deprotonation of thesswhich make more accessible for the
biosorption. These same reports were observed hyglgsla [15].

57
www.scholar sresear chlibrary.com



Bensaha Sofiane and Kara Slimane Sofia Der Pharma Chemica, 2015, 7 (5):54-63

6 -
51 AAAAA A
4 .
> EEEEE m
ga M. ®pH=2
E7 [ geeeeee . mpH=4
0'2 |
ApH=7
1 -

0 ' T T T T T T T 1
0

200 400 600 800 1000 1200 1400 1600
Time (min)

Fig. 4. Effect of initial pH on the sorption kinetics of zinc by chitin

3.1.5. Effect of temperature

To study the effect of this parameter on the kagetdf zinc sorption by chitin, we selected the dafing
temperatures : 10, 20, 25, 30 and 40 °C. The wesblained are presented in figure 5 indicateahahcrease of the
temperature in the interval 10-30 °C deals withiremnease in the capacity of zinc sorption at efiilim : 3.12
mg/g at 10 °C and a high capacity of sorption as08® mg/g between 20 °C and 30 °C. Beyond 30 ¥netice a
reduction in the capacity of zinc sorption at euilm : 3.88 mg/g for 40 °C. The reduction of tteenoval in the
interval of temperature 30—-40 °C means that thegqe® of zinc sorption by chitin is exothermic tas the case for
the majority of gas adsorption processes. The t@eessary to reach equilibrium of sorption for thierent
studied temperatures is about 4—7 h, Accordintediterature, results of study of the effectlod temperature on
the phenomenon of sorption for different metal-katenials systems are disparate. An increase dietneerature,
in the range 5-45 °C, rose the sorption [17], whdeations of temperature in the range 5-25 °Crditlaffect the
sorption [18]. As mentioned above, the same phenomén the initial pH variation during the sorptierperiment
was observed.
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Fig. 5. Effect of temperature on the sorption kindts of zinc by chitin

3.2. Equilibrium of biosorption

3.2.1. Isotherm of biosorption

To study equilibrium of zinc removal by chitin, ttepproach more used frequently consists in measgutia
isotherm of sorption. It represents the quantitynetal removed (@ against the equilibrium concentration of metal
ion (G) in the solution, and it corresponds to the elquiilim distribution of metal ions between the aqueand
solid phases when the concentration increases.
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As shown in figure 6, the isotherm for zinc sorptis of Langmuir's type according to the classifica of
Brunauer [19] and of L type according to the clfissfion of Giles [20].

From the graph of this isotherm, the maximum capasfizinc removal by chitin is about 5.40 mg/g.
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Fig.6. Isotherm of zinc biosorption by chitin at 5 °C

3.2.2. Modelling of isotherm of zinc biosorption

Two isotherm equations have been tested in theeptegudy, namely, Langmuir [28hd Freundlich [22]. This
modelling permits us to determine the maximal cépaof biosorption. The quality of the isotherm fib the

experimental data is typically assessed basedemtgnitude of the correlation coefficient for tiegression; i.e.
the isotherm giving anRvalue closest to unity is deemed to provide thst fie

(a) The Langmuir model has the following form :
de = qmb Ce/ 1+ DbC, (2

where g is the amount of metal ion sorbed at equilibriuen gram of adsorbent (mg/g), @5 the maximal metal
sorption capacity of sorbent material (mg/g) tle equilibrium concentration of metal ion in g@ution (mg/l) and
b is the constant of equilibrium (I/mg) dependingtemperature and the applied conditions. This gguaan be
linearised under the following shape :

Ce/qe = 1/b qm + Ce/Am (3

If the equation of Langmuir is valid to describe taxperimental results, it must verify the lineadishape of the
basis equation, in system of coordinates Ce/q€Gej, that will permit to obtain the constantsand b from the
intercepts and slopes.

(b) The Freundlich model has the form:

qe = KC¢ (4)

where g and G are as described before, K and n are the positiustants depending on the nature of system solute-
sorbent and temperature, n < 1. This equation edmearised under the following form :
Lnge =LnK +nlnC, (5)

If this equation is verified with data of sorpti@quilibrium, we must obtain a straight line in thgstem of
coordinates Ln g= f (Ln C), the slope and the intercept to the origin gikke values of constants n and K
respectively.

Results of the modelling of the isotherm of zingpgimn by the chitin, according to either Langmaid Freundlich
models, are represented in Figures 7 and 8 respBgtihence the Table 1 summarizes the model padexsne
determined by least squares fit of the experimesagition data, along with correlation coefficients
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Fig.8. Modelling of isotherm of zinc biosorptiorby chitin according to Freundlich model

Whatever be the linearized shape of the Langmuiaton used, it appears that the Langmuir modd fitssthe
experimental results over the experimental rangd wood coefficients of correlation. According teetvalues
obtained from parameters, @nd b, presented in Table 1, we notice that tiheyaarly identical (g= 5.86 mg/g).

According to the coefficients of correlation obtd) we deduct that the model of Freundlich is ritegmate for
modelling the isotherm of removal of zinc by chitimall the studied concentration domain, whictbéyond our

objective.
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Modelling of isotherm of zinc biosorptiorby chitin according to Langmuir model
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Table 1 : Summary of isotherm parameters for zinc arption by chitin

- Gm(mg/g) | b(img) | R

Parameters of the Langmuir modet 586 0.027 0,992
} , N K R?

Parameters of the Freundlich moget 0418 0374 0934
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3. Scanning electron microscopy (SEM)
Electron microscopic examination of chitin, befened after metal removal, was undertaken in orddodate the

active sorptive sites of the chitin. The scannitegteon microscopic (SEM) micrographs of chitinfdre and after
equilibration with a metal solution, are shown igufe 9.

The SEM micrograph in Figure 9a shows the presehtdoles " on surface which correspond to theepgresent
on chitin.

Figure 9b shows the presence of white nodules atidig the presence of heavy elements such as.: zinc

20100303 1055 L D25 x10k 10um 20100303 1341 L D23 x10k 100um
TM1000-0018-03-10 TM1000-0020-03-10

(@) (b)

Fig. 9. SEM micrographs of chitin: (a) in the abseee of zinc, (b) after zinc sorption

4. Biosorption kinetics of zinc, cadmium and coppeby chitin

Figure 10, shows the kinetics of zinc, cadmium @ogper biosorption by chitin. They take similarrhs
characterized by a strong increase of the quaotitgetal removal by chitin during the first fewmmies of contact
between the solution and chitin, follow-up of avelmcrease until a state of equilibrium is reachEde necessary
time to reach this equilibrium is about 6 h (5.38/g) for zinc, 4 h (13.27 mg/g) for cadmium and @8.5 mg/qg)
for copper. The biosorption of the metals studigathitin varies in the same order : Q) & Cd (1) > Zn ().
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Fig. 10. Kinetics of zinc, cadmium and copper bi@sption by chitin

5. Biosorption kinetics of zinc, cadmium and coppeby chitosan
The results obtained are represented in Figureshaws that the three curves obtained take the Same
characterized by a strong increase of the quanfitinetal removal by chitosan during the first fevinutes of
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contact between the solution and chitosan, follpwefia slow increase until a state of equilibrisréached. The
necessary time to reach this equilibrium is abott(®9.31 mg/g) for zinc, 4 h (37.5 mg/g) for cadmiand 2 h
(44.7 mg/qg) for copper. The biosorption of the alestudied by chitosan varies in the same ordar (II) > Cd
(1) > Zn ().
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Fig. 11. Kinetics of zinc, cadmium and copper biasption by chitosan
CONCLUSION

The biosorption of zinc in solution by chitin isflsenced by various parameters, such as inibacentration of
zinc and chitin mass. Thus for acid pH, the coitipet between the protons and the metal ion redube
performances of biosorption of chitin, whereasiramease in its value up to 7, improves considgréte capacity
of biosorption of zinc.

The biosorption of the metals studied by chitin @hdosan varies in the same order : Ay ¥ Cd (I) > Zn (II)
and the quantities biosorbed in equilibrium by ¢héosan are higher than that of chitin.
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