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ABSTRACT

This study investigated the feasibility of using chitosan coated silicaasa
novel type of biosorbent for Cr(VI) removal from agueous solution through
adsorption technique. The biosorbent was characterized by FTIR spectra,
TGA, porosity and surface area analyses. The removal of Cr(VI) from
aqueous solution was studied by using the biosorbent under batch equi-
librium experimental conditions. The research parameters included the
effect of pH, contact time, concentration of Cr(V1) and amount of biosorbent
was investigated in order to optimize the process at room temperature.
The equilibrium data were used to study the kinetics of Cr(V1) removal
process such as pseudo first order, pseudo second order and Weber-
Morris intraparticle diffusion models. The data were fitted to Langmuir
and Freundlich adsorption isotherms. The maximum monolayer adsorp-
tion of Cr(VI) on chitosan coated silicawas found to be 294.1 mg/g. The
SSE and y2analysis, used to correlate the equilibrium kinetic models and
isotherms. The experimental results demonstrated that chitosan coated
silicacould be used as an effective biosorbent for the Cr(VI) removal.
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INTRODUCTION

Heavy meta sare defined asthose metal sand met-
dloidsgenerdly consdered to be of sufficient distribu-
tion and abundance asto bein someway environmen-
tdly or biologicaly significant astoxic substance. These
include metal ssuch aslead (Pb), chromium (Cr), Cop-
per (Cu), Cadmium (Cd), Nickel (Ni) and Zinc (Zn).
Chromium pollutionin our environment has attracted
moreand more attention in recent years because of its
harmful effectsto ecosystemsand humanbeings. These

chromium speciesarecommonly found in wastewater
produced from leather tanning, dye, wood preserva-
tion and el ectropl ating industriesand their concentra-
tions could range from tens to hundreds of mg/L 2.
Hexavalent chromium Cr(V1) ismoretoxic than the
trivalent form Cr(I11) because of itscarcinogenic and
mutagenic effects. A variety of diseasessuch asbron-
chogenic carcinoma, asthma, pneumonitisand derma-
titishave been reported to associate with occupational
Cr(V1) exposure®. Hence, thedischarge of Cr(V1) to
surfacewater isregulated below 0.05 mg/L by theU.S.
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EPA, andtotd Crincluding Cr(lll), Cr(VI1) aswell as
itsother formsisregulated below 2 mg/L™“.

Chemical precipitation, membrane separation, ion
exchange, e ectrochemica trestment, evaporation and
carbon adsorption are among the variety of treatment
processeswidely used for theremoval of toxic heavy
metals from the waste steams. In recent years
bi osorption hasbeen recognized asan effectivemethod
of reduction of metal contamination in surface water
andinindustrial effluents®. Biosorption isdefined as
theremova of meta or metalloid species, compounds,
and parti cul atesfrom sol ution by biologica materia®.
Olinetal.lm and Baily et d.® conducted an extensive
literature search to identify low cost sorbentswith po-
tentid for treetment of heavy metd contaminated water
andwastesteams. They identified 12 potential sorbents
for lead, cadmium, copper, zinc and mercury. Among
the sorbentsidentified, chitosan hasthe highest sorp-
tion capacity for metal iong?.

Chitosanisapartidly deacetylated product of chitin,
whichisextracted from shrimp, crab, somefungi, and
other crustaceans, has many useful features such as
biocompatibility, biodegradability and antibacterial
property(*®12, Chitosan is not only inexpensive and
abundant in nature, but it also isagood adsorbent for
heavy metds. Chitosan chd atesfiveto six timesgreater
amountsof meta sthan chitin. Severd investigetorshave
attempted to modify chitosan tofacilitate masstransfer
and to exposethe active binding sitesto enhance the
adsorption capacity!*34. Grafting specific functional
groups onto native chitosan backbone allowsits sorp-
tion propertiesto be enhanced. To overcome some of
the problems associ ated with its softnessand tendency
to agglomerateor toformagd inagueoussolutions, in
this study a new biosorbent is prepared by coating
chitosan, aglucosamine biopolymer over silica, and
formed into beads. It isexpected that the more active
sitesof chitosanwill be available dueto coating, thus
enhancing theadsorption capacity.

Theobjectivesof thisstudy wereto preparechitosan
coated silicabiosorbent, to characterize the sorbent,
andto evaluatetheremoval of Cr(VI) from synthetic
samples. Theadsorption capacity of the biosorbent was
evaluated by studying the equilibrium adsorptioniso-
thermsand kineticsof Cr(VI) inbatch method. Further
the equilibrium data were fitted to Langmuir and
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Freundlich adsorption isothermsand pseudofirst or-
der, pseudo second order and Weber-Morriskinetic
model sand the values of parametersof theisotherms
and kineticswere obtained.

EXPERIMENTAL

Materials

Analytical grade potassium dichromate from
Qualigens Fine Chemicals was used as source of
chromium(V1). Hydrochl oric acid and sodium hydrox-
ide usedfor pH adjustment wereobtained fromAldrich
Chemicas Company. Sulphuric acid, potassium per-
manganate and sodium azide of andytical gradewere
from LobaChemie, Mumbai. Chitosanand silica, used
for preparation of chitosan coated silica, were obtained
from Loba Chemie, Mumbai, India. Doubly distilled
water wasusedin al experimental work.

Prepar ation of biosor bent

Chitosan gd was prepared by adding 4 g of chitosan
to 100 mL of 2% acetic acid and stirring for about 4 h.
Ten gramsof silica, washed with 2% acetic acid solu-
tion were added to 100 mL of 4% chitosan gel while
gtirringwithamagnetic stirrer for 4 h. Thisprocessled
totheformation of slica/ chitosan suspens on. Spheri-
cal shaped beadswereformed by drop wise addition
of sllica/ chitosan suspensionintoa0.1 M NaOH pre-
cipitation bath. The purpose of adding silica/ chitosan
suspension to aNaOH solutionisto assist rapid neu-
tralization of acetic acid, so that the spherical shape
could beretained. These spherical beadswere taken
from NaOH bath, and washed severd timeswith deion-
ized water to aneutral pH. The beads weredriedin
freezedrier, oven and by air. The average size of the
bead wasfound to be 2.05 mm.

FTIR, TGA and surfaceareaanalysis

The biosorbent was characterized by FTIR (Fou-
rier transform infrared spectroscopy), TGA (Thermo
gravimetricanadysis) and surfaceanalysis. FTIR spec-
trum of biosorbent was recorded in aPerkin-Elmer-
283B FTIR spectrometer over the wave range 4000-
400 cm™. Thesampleswereformed into pelletswith
KBr. Therma stability of the biosorbent wasexamined,
using Setko 220TG/DTA anayzer, from 25to0 700°C
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at heating rate of 10 °C/min with continuousflushing
with pure nitrogen gasat 200 mL/min. Surfaceareaof
the biosorbent was measured by single point BET
(Brunauer, Emmett and Teller) method using thermal
conductivity detector (Carlo Ebra Soptomatic-1800)
withintherange of 0.1-2000 m2g* with the sample
size of 2-10 mg. Pore volume of the biosorbent was
measured using PycnomaticATC (Thermo Electronic
Corporation).

Analytical procedure

The sorption and reduction capacities of chitosan
coated sillicawas studied by adding 0.1 g of adsorbent
to 100 mL of Cr(V1) solutionsof different concentra-
tionsin 125 mL Erlenmeyer flasks. Theflasks, sedled
with glass stoppers and parafilm, were placed in an
oscillating shaker and shaken for 4hat 150 rpm. Initial
adsorption experimentsshowed that thisperiod of time
was adequateto ensure equilibrium between chromium
adsorbed and chromium unadsorbed. After the equi-
librium period, sampleswerefiltered through Whatmann
No. 5filter paper. Thefirst portion of thefiltratewas
discarded to eliminate the effect of any adsorption of
chromium onfilter paper.

Thefiltratewasthendividedintotwo partsand first
part was used to determine equilibrium concentration
of Cr(V1) and the second part was used to determine
Cr(VI1) reducedto Cr(l11). The concentration of Cr(\V1)
was determi ned spectrophotometrica ly by using diphe-
nyl carbazide asacomplexing agent. 10 mL of solution
fromfirst part was pipetteinto 100 mL standard flasks
and made up to the mark with 1:1 H,SO,, diphenyl
carbazide and doubledistilled water. The concentra-
tion of Cr(V1) was determined spectrophotometrically
at 540 nm.

From the second part, 10 mL of the solution was
pipetteout into aconica flask followed by addition of
90 mL doubledigtilled water. Thecontentswere heated
to boil and about 6 drops of 0.1 N potassium perman-
ganate solution wasadded to oxidize Cr(111) to Cr(V1).
To this about 4-5 drops of 0.5% azide was added to
remove excess potassium permanganate. The concen-
tration of Cr(V1) was determined spectrophotometri-
cdly whichgavethetota unadsorbed chromium. Chro-
mium adsorbed was equal to thedifference between
theinitia concentration of Cr(V1) andtota unadsorbed
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chromium and chromium reduced was equd to thedif-
ference between thetotal chromium unadsorbed and
Cr(V1) presentinsolution.

Batch adsor ption studies

Inorder to exploretheeffect of influencing factors,
such as solution pH, contact time, quantity of the ad-
sorbent and theinitial concentration of Cr(V1), aseries
of batch experimentswere conducted with solutions of
initial concentrationsof 50, 100 and 150 mg/L. ThepH
of the suspension at the start of the experiment was
adjustedusing 0.1 N HCI and 0.1 N NaOH. After agi-
tating the samplesfor 3 hours, the sampleswerefil-
tered through Whatmann No.5filter papersto eimi-
nateany fineparticles. Then theconcentrationsof Cr(V1)
and Cr(I11) in thefiltrateweredetermined as discussed
earlier. Theadsorption on the glasswarewasfound to
be negligibleand was determined by running blank ex-
periments.

Theamount adsorbed per unit mass of adsorbent
at equilibrium wasobtained using the equation,

Qe=(Ci ;Ce)V (1)

where Q, (mg/g) isthe adsorption capacity at the equi-
librium, C, and C_denoted respectively theinitial and
equilibrium concentration of Cr(V1). Visthevolumeof
thesolutionin litersand misthe mass of the adsorbent
ingrams.

RESULTSAND DISCUSSION

Char acterization of biosor bent

The FTIR spectrum of chitosan coated silicabeads
before adsorption indi catesthe presence of predomi-
nant peaksat 3351.7 cm* (-OH and —NH stretching).
2987.2 and 2901.4 cm (-CH stretching), 1638.2 cm?
(-NH bendingin—-NH,), 1393.3 cm™ (-NH deforma-
tion vibration in—-NH,), and 1065.5 cm™* (-C-O-C-
stretching). Thisrevea sthat all functiona groupssuch
as—NH.,, -OH, originaly present in chitosan, areintact
even after coatingon silicaand areavailablefor inter-
action with themetal ion. A broad peak around 1092
cnmr may bedueto themerging of peaksrelatingto Si-
O-Si, Si-O-H, and C-O groups. Another broad peak
around 3439 cm isattributed to—NH and O-H stretch-
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ing vibrations. The FTIR spectraof sorbent after ad-
sorptionindicateashift in absorption frequency of amino
and hydroxyl groups. Thismay beattributed to the de-
formation of O-H and N-H bandsasresult of interac-
tion between thefunctiona groupsand meta ion.

The sample was subjected to thermo gravimetric
analysis(TGA) to determinethethermal stability and
decomposition characteristics. Thethermal degrada-
tion behavior of chitosan coated silicawas examined
following weight loss asfunction of temperature. The
thermo gravimetric curve (Figure 1) of chitosan coated
silicashowed abroad transition with arelatively less
weight loss. Thewel ght losswas about 3% around 150
°C and about 6% at 360 °C. Thermo gram of chitosan
coated silicaindicates that about 8% of chitosan is
coated on silica. From the TGA analysis of the
biosorbent, it may be concluded that the biosorbent
could beused even a higher temperaturesin water tregt-
ment. Theinfluence of surface propertieson the extent
of adsorption was eval uated by measuring the surface
area(160.8 m?/g), porosity (46.2 %) and porevolume
(0.224 cm® gY). Porosity isone of thefactorsthat influ-
encetheactivity and physical interaction of solidswith
liquidsand gases.

g mg'Cr1

374

T T T T T T T T T T T T T T T T T T T T T T T T T T
40 80 80 00 120 140 160 80 200 20 240 260 280 300 30 340 30 30 °C

Figurel: Thermogravimetric curveof chitosan coated silica
Effect of pH

In order to optimizethe pH for maximum removal
efficiency, experimentsare conducted with 100 mL of
100 mg/L of metal solution containing 0.1 g of chitosan
coated silicain the pH range of 3to 8 for Cr(VI) at
room temperature. Theresultsare depicted in Figure
2. Fromthefigureitisclear that the adsorption capac-
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ity (87.95 mg/g) ismaximum at pH 3 and decreases at
higher pH values. Similar behavior wasobserved by de
Dantas et a.[*¥ and Schmuhl et al.[*¥, Chromium(V1)
forms stable complexes such as Cr,0,%, HCrO,,
CrO,? and HCr,0O,* depending on the pH of the so-
lutioni*”), The actual speciesof chromium presentin
sol ution depends on pH of the solution and the concen-
tration of chromium. Inasolution of acidic pH thepre-
dominant speciespresent are Cr,0,> and HCrO,. The
fraction of any particular species depends upon the
chromium concentration and pH of the sol utionf*”.
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Figure?2: Effect of pH on biosor ption of Cr (V1) on chitosan

coated silica

Atlower pH the sorbent ispositively charged dueto
the protonation of amino groups, whilethesorbate, dichro-
mateion, exigssmogtly asan anionleadingtothedectro-
stati ¢ attraction between sorbent and sorbate. Thisre-
aultsinincreased adsorption at low pH. Asthe pH of the
solution increasesthe sorbent undergoes deprotonation
and the adsorption capacity decreases. Inview of thisal
experimenta datawereconducted at pH 3.

Effect of contact timeand kinetic studies

Theeffect of contact time on the extent of adsorp-
tionof Cr(VI) at different concentrationsat pH 3was
showninFigure 3. Theextent of adsorptionincreases
withtimeand attained equilibriumfor al the concentra-
tions (50, 100and 150 mg/L) of Cr(V1) studied at 180
min. After thisequilibrium period, theamount of Cr(V1)
adsorbed did not change significantly withtime. The
amount of Cr(V1) adsorbed versus time curves are
smooth and continuous. The changesintherate of re-
mova might beduetothefact that initidly al adsorbent
steswerevacant and the sol ute concentration gradient
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was high. Later, the Cr(V1) uptakerate by adsorbent
had decreased significantly, dueto thedecreasein num-
ber of adsorption sites.
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Figure3: Effect of contact timeon biosor ption of Cr (V1) on

chitosan coated silica
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In order toinvestigate the mechanism of sorption,
therate constants of sorption processwere determined
by using pseudo first order*®9 and pseudo second or-
der? kinetic models. Thevalues of thefirst and sec-
ond order rate constantsareincluded inTABLE 1. In
many casesthefirst order equation doesnot fit well to
thewholerange of contact timeandisgenerally appli-
cableover theinitial stage of the adsorption process?!.
The second order kinetic model assumesthat therate
limiting step may bechemical adsorptioni?3. In many
cases, the adsorption datacould bewell correl ated by
second order rate equation over the entire period of
contact time?. Theresults of the present study indi-
cate that the adsorption of Cr(V1) on chitosan coated
silicafollowssecond order kinetics. It wasfound that
the correlation coefficient r> valuesfor thismode was
near to unity ascompared to ther? values as obtained
inthefirst order kinetics.

TABLE 1: Pseudofirst order and pseudo second order Ki-
netic modelsof Cr (V1) biosor ption on chitosan coated silica

Concentration First
) order Second order model
of fluoride
. model
solution 0 o
ma/L k r2 eexp. ecal. k r2
(MoL) ke T (mgg (mgg *
50 0.01 099 412 57.8 0.0002 0.99
100 0.01 097 850 99.0 0.0002 0.98
150 0.01 097 133.7 153.8 0.0002 0.99
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The adsorption process on porous sorbents gener-
ally described with four stages, and one or more of
whichmay determinetherateof adsorption. Thesestages
are described as bulk diffusion, film diffusion,
intrgparticlediffusion and finaly adsorption of the sol-
ute on thesurface. Theexperimental datawereusedto
investigate whether the diffusionistheratecontrolling
step in adsorption of Cr(V1) on chitosan coated silica.
Themodel proposed by Weber and Morris?! can be
writtenas,

q, =K t2+C )
whereK_, (mg.g*.min??) istherate constant of intra
particlediffusion. Cisthevaueof intercept of ¢ versus
t¥2, which givesanideaabout the boundary layer thick-
ness, i.e. thelarger theintercept; thegreeter isthe bound-
ary layer effect.

Theplotsof g, versust?? obtained for the adsorp-
tionof Cr(VI) onchitosan coated silicaat different con-
centrations (50, 100 and 150 mg/L) areshownin Fig-
ure4. Theintraparticlerate constants (K. ) 2.70, 3.71
and 5.33mg.g*.min*2 and intercept (C) values2.79,
30.10 and 55.38 mg.g* for 50, 100 and 150 mg/L re-
spectively. Thekinetic resultscan beused to determine
if particlediffusionistherate-limiting step for Cr(V1)
adsorption on chitosan coated silica. Accordingto this
model, the plot of uptake(q,) versusthesquareroot of
time (t¥?) should belinear and theselines should pass
throughtheoriginif intraparticlediffusionistherate
controlling step®!. When the plotsdo not passthrough
theorigin, thisisindicative of somedegree of boundary
layer control and further showsthat theintraparticle
diffusonisnot theonly ratelimiting step, but a so other
Kinetic processes may control the rate of adsorption.

160

€50 mg/L

140 1 8100 mg/L
A 150 mg/L
120 A1

100 1

e
—

o, mg/g

40

20 1

0

0 5 10 15 20
t1/2

Figure4: Weber-Morrisplotsfor biosor ption of Cr(VI) on
chitosan coated silica
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The plots shown in Figure 4 are not passing through
originindicatingthat theintrapartidediffusonisnot the
only rate determining factor and in addition other fac-
torsmay be operating s multaneoudly.

Fitnessof thesor ption kinetic models

Theassessment of the empl oyed kinetic mode sfor
fitting the sorption datawas made by cal culating the
squared sum of errors (SSE). Lower values of SSE
show better fit to sorption dataand cangiveanindica
tion of the sorption mechanism.

((31t,e—01t,m)2
2 ©)
dt,e

SSE- Y,

where g, , are the experimental sorption capacity of
Cr(VI1) (mg/g) at timet and the corresponding value
which isobtained from thekinetic models. SSE values
(EQ. (3)) of the pseudo first, second and Weber-Mor-
riskinetic modelswere computed and summarizedin
TABLE 2. Itisassumed that themodel which givesthe
lowest SSE vauesisthebest modd for thissystemand
then the mechanism of sorption can beexplained based
on that model. It was observed from TABLE 2 that
pseudo second order model seemsto bebetter fit than
the other two models (pseudo first order and Weber-
Morrismodels) for representing thekineticsof Cr(V1)
sorption.

TABLE 2: Thesum of thesguaresof theerror (SSE) values
of thekineticmodelsemployed for Cr (V1) biosor ption

Models 50mg/L  100mg/L 150 mg/L
First order 1.00 1.00 1.00
Second order 0.16 0.03 0.02
Particle diffusion 0.87 0.83 0.76
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Theexperimental datawerefitted tothe Langmuir
isotherm? of theform,

_Q"bCe
T 1+4bCe
wherethe Q, istheamount of Cr(V1) adsorbed (mg/g),
C, istheequilibrium concentration of Cr(VI1) (mg/L),
Q°istheamount of adsorbate at complete monol ayer
coverage (mg/g), which givesthe maximum sorption
capacity of thesorbent, bisthe Langmuir isotherm con-
stant (L/mg), that rel atesto the energy of adsorption
evauated fromthelinear plot (Figureb), are presented
inTABLE 3adongwith thecorrelation coefficient.

0.06

Qe G

0.05
0.04
g? 0.03
0.02

0.01

0

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7
1/C,

Figure5: Langmuir isotherm for biosorption of Cr(VI) on
chitosan coated silica

TABLE 3: Langmuir and freundlich isother m parameters
with chi-squareanalysisfor Cr (V1) biosor ption on chitosan
coated silica

Langmuir Freundlich
Q° b 2 2 ke Un 2 2
r n r
(mg/g) (L/mg) X (mglg) (L/mg) X

Equilibriummodeing

Analysisof theequilibrium dataisimportant to de-
vel op an equation which accurately represent there-
sults and which could be used for design purposes.
Severd isotherm equationshave been used for theequi-
librium modeling of adsorption process. Two of these
have been applied in this study, namely Langmuirand
Freundlichisotherms. To obtaintheisotherms, initia con-
centrationsof Cr(VI) werevaried from 50-150 mg/L
while keeping theweight of chitosan coated silicaand
contact time constant at pH 3 of chromium solution.

2941 0.04 100 1419 1287 0.84 1.182 1.00 460.3

The Freundlich?? equationisexpressed as,

Qe=KfCéé ®)

where Q_ isthe amount of Cr(V1) adsorbed per unit
weight of thesorbent (mg/g), C,_ isthe equilibrium con-
centration of Cr(VI) (mg/L), K.isameasureof adsorp-
tion capacity, and 1/nisadsorptionintensity, eval uated
fromtheplot (Figure 6) of log Q_versuslog C_. The
valuesof Freundlich constantsa ongwiththecorrela-
tion coefficient arepresented in TABLE 3. Valuesof 1/
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narelying between 0.1 and 1.0 confirmsthefavorable
conditions for adsorption. Adsorption capacities of
chitosan and modified chitosan sorbents, collected from
theliterature, areincludedin TABLE 4 dong with the
vauescorresponding to chitosan coated silicafor com-
parison. The sorbent devel oped in the present study
exhibits higher adsorption capacity compared to
chitosaninitsnatura and modified formg?.

25

15 A1

log Qe

05 1

0

T
0 0.2 04 0.6 0.8 1 12
log C,

Figure6: Freundlichisothermfor biosorption of Cr (V1) on
chitosan coated silica

TABLE 4: Comparison of different biosor bentsfor Cr(VI)
adsor ption capacity (Langmuir model)

Adsorption
Adsor bent pH capacity Reference
(mg/g)

sawdust 6.0 3.3 20
compost 101.0 22
chitosan 5.0 78.0 5
cross-linked chitosan 5.0 50.0 18
metal ion imprinted chitosan 5.5 51.0 14
ch!tosan cross_-llnked with 30 113 %
epichlorohydrin

chitosan coated silica 3.0 294.1 Present

work

Chi-squareanalysis

Toidentify asuitableisotherm model for the sorp-
tionof Cr(V1) on chitosan coated sllicathisanalysishas
been carried out. The chi-squaretest statisticisbasi-
caly thesum of the squares of thedifferences between
the experimenta dataand dataobtained by calculating
from modd s, with each squared differencedivided by

Physical CHEMISTRY o

the corresponding data obtai ned by cal culating from
themode s. Theequivalent mathematica statementis

_ 2
X2=Z[(qe dem) ©

Jem

whereq,  isequilibrium capacity obtained by calculat-
ing from themodel (mg/g) and g, isthe experimental
dataof theequilibrium capacity (mg/g). If thedatafrom
themodel aresimilar to theexperimental data, x> will
beasmadl number, whileif they differ; x> will beabig-
ger number. Therefore, itisnecessary soto analyze
thedataset using the non-linear chi-squaretest to con-
firmthebest-fit isotherm for thesorption system®. The
y?valuesarecaculated using Eq. (6) and aregivenin
TABLE 3. They? vauesof both theisothermsare com-
parableand hencethe adsorption of Cr(\V1) on chitosan
coated silicafollowsboth Langmuir and Freundlichiso-
thermsand better fitsto Langmuir asitsy? valueisless
thanthat of Freundlichmodd.

Effect of adsor bent dose

The dependenceof Cr(V1) biosorption on chitosan
coated silicawas studied at room temperatureby vary-
ing the adsorbent amount from 0.1 g to 0.8 g while
keeping the other parameters such as pH (3), metal
solution volume (100 mL ), concentration (100 mg/L)
and contact time (4h) constant. Theresultsaregraphi-
caly showninFigure7. It isapparent that the percent
removal of Cr(V1) increasesrapidly with increasein
thedoseof chitosan coated silica. Thisisexpected due
tothefact that the higher dose of adsorbent inthe solu-

100

80 1

60 1

% removal

40

20 1

0

0 0.2 0.4 0.6 0.8 1
Effect of biosorbent, g

Figure7 : Effect of biosorbent dose on per cent removal of

Cr(VI)
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tionresultsin greater availability of exchangeablesites
for theions. Themaximum Cr(VI) removd efficiencyis
91.25%at 0.6 g. Thissuggeststhat the Cr(V1) can be
removed effectively by using <1 g of the biosorbent at
pH 3. The reduction in adsorption capacity with in-
crease in the biosorbent dose is mainly due to
unsaturation of adsorption sitesthrough the adsorption
process.

CONCLUSIONS

Inthisstudy, chitosan coated silicabeadswere de-
veloped and used as abiosorbent for the removal of
Cr(VI) from agueous ol ution. Thebiosorbent was char-
acterized onthebasisof FTIR spectrd study, TGA and
surface areaanaysis. Theequilibrium datafitted the
Langmuir and Freundlichisotherms. The maximum ad-
sorption capacity of chitosan coated silicawasfound
to be294.1 mg/g from Langmuir isotherm at pH 3 of
chromium solution. Datareved ed that Cr(V1) removal
on chitosan coated silicaiscomplex and both the sur-
face adsorption aswell asintraparticlediffusion con-
tributesto the rate determining step. The kinetics of
adsorption of Cr(V1) on chitosan coated silicafollows
pseudo second order modd . Themateria ischeapand
indigenous. Theadsorption methodisasovery smple,
doesnot cause any pollution, hence eco-friendly. The
results obtained through this study support that the
chitosan coated silicaisan effective biosorbent for re-
mova of Cr(V1).
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