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The adsorption of chromium (V1) ions from aqueous
solutions has been investigated on crude tamarind fruit
shell, HCI treated and Oxalic acid treated shells at room
temperatures. The biosorbents are characterized by FT-
IR, EDXRF and porosimetry. The biosorption
experiments are conducted through batch system. The
influence of different experimental parameters such as
pH, effect of initial metal ion concentration and effect of
dosage of adsorbent on biosorption are evaluated. The
adsorption followed first order kinetics. The data are
fitted well to Langmuir and Freundlich isotherm
models. A comparison is drawn on the extent of
biosor ption between untreated and treated forms of the
tamarind shells. Due to their outstanding adsorption
capacities, tamarind shells are excellent sorbents for the
removal of chromium ions.

*Corresponding author

Increased knowledge about toxicological effectsheavy
metals on the environment is well recognized aeddfore,

it is inevitable to search for different methods remluce
water pollution (Mahvi et al. 2005). The major stes of
heavy metal contaminations are the industrial effts.
Due to their persistence in nature, it becomesntisédo
remove them from wastewaters (Klimmrk et al. 2001).
Conventional techniques have limitations (Ozdentirale
2004) and often are neither effective nor economica
especially for the removal of heavy metals at low
concentrations. New separation methods are effecivd
environmentally acceptable at affordable cost (Ykje
1994).

An alternative method for the removal of heavy reta
considered based on the biological methods of metal
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removal and recovery. The ability of microorganistons

Pre-treatment of the biosorbent

remove heavy metals from aqueous solutions has been

known for some decades (Volesky, 1990). The remofal
the metals occur actively only with living cells cdar
passively at the surface of dead cells. This iswknas
biosorption. Biosorption is a fast and reversitdaation of
the heavy metals with microorganisms or biomas® Gy*
products obtained from biomaterial production arehaap
source of biosorbents. Therefore biosorption isptally
cost effective way of removing heavy metals from
industrial wastewaters. The process is effectivena¥ the
concentration is as low as 200 pg/ml. Several ayres
have been studied and developed for the effecéwmoval
of heavy metals using biosorbents like peat (Brawral.
2000; Ricou-Hoeffer et al. 2001), fly ash (Ho andkdly,
2000), microbial biomass (Texier et al. 1999) arideo
agricultural by products (Laszlo and Dintzis, 19949ya
bean hulls (Marshall et al. 2000) walnut hulls (Yé#e and
Marshall, 2000), cotton seed hulls and corn colesi(Rad et
al. 2002). It has also been observed that thessotiients
need further modifications to increase the actiugling
sites and also made them readily available for teorp

The pre-treatment of tamarind shells is carried twut
increase the metal uptake efficiency. 10 g of @rearind
shells are treated with 100 ml 1N HCI and 1N Oxaléid
for 24 hrs separately and kept on the water ba@kQ) for
half an hr. It is cooled and is neutralized withraDof 1N
NaOH. The filtrates are separated and are dri¢bdaroven
for 4 hrs at 60°C. Thus the pretreated tamarind &hells
H-TS, and O-TS are used as a second and thirdrbiesb

Table 1. Conversion of Cr(VI) to Cr(lll) at different pH.

Reduction of Cr(VI) to Cr(lll) (mg/L)
6.183
3.039
1.013
0.021
0.000
0.000

o
O')U'l-bb.)l\)l—‘I

Huang and Huang (1996) stated that pre-treatment of

biomass removes the surface impurities on the biests
and expose the available binding sites for metaptsm
(Cabuk et al. 2005).

Effect of pH

The effect of pH on chromium biosorption on CTFST§,
O-TS are studied at room temperature by varyinggbH

The aim of the present study is to investigate th&hromium solution. The pH of the solutions is atidswith

biosorption of chromium (VI) on crude tamarind frehells
(CTFS), HCI treated shells (H-TS) and oxalic aciehted
shells (O-TS) and compare their performance.
present work, adsorbents are prepared from tamatietis
and treated with acids and utilized for the remowl
hexavalent chromium from synthetic solutions. Tfieat
of time, initial concentration of the metal, sotutipH and
adsorbent dosage on the biosorption at room terpera
are also studied and compared. The kinetic dathesked
for the pseudo first order reaction and the ratestamts are
evaluated. The equilibrium data are fitted with gamuir
and Freundlich isotherms equations. Further thedstments
are characterized by FT-IR, to examine the met
accumulation due to the presence of different fonet
groups on biosorbent, EDXRF for elemental analgsid
porosity.

MATERIALS AND METHODS
Biosorbent

Tamarind fruit shells, a waste product of tamamputp, are
used for the removal of Cr(VI) ions from aqueoukisons.
These shells are collected from tamarind fruit paads
Tirupati town, A.P., India, and are powdered are/ad to
get uniform size (60-80) mesh particle size. Theg a
washed thoroughly with distilled water and dried tire
oven for 2 hrs at 60°C. It is used as a biosorf@nES).

0.05N HCI and 0.05N NaOH by making use of digitel p
meter (Hanna Instruments, Italy).

In th
n %atchstudies

An adsorbate stock solution of 1000 mg/l of Cr(\i$)
prepared by dissolving 2.829 g of potassium diclatnin
double distilled water. Batch adsorption experiraeate
carried out by shaking 100 mg of biosorbent mixethw
100 ml of potassium dichromate solution of known
concentration in 200 ml Erlenmeyer bottles at room
temperature in a rotatory mechanical shaker ap8@ The
ffect of contact time, metal ion concentration, pke
tudied. The bottles are removed after the desimedact
time and the filtrates are analyzed using atomgogation
spectrophotometer (Perkin Elmer 280) and UV-Visible
spectrophotometer (Elico-180). All chemicals usee af
analytical grade obtained from Glaxo, India, Ltdouble
distilled water is used in preparing the stock sohs and
also throughout the experimental analysis.

Four samples of chromium ion concentrations varying
50-200 mg/L were treated with 100 mg of the biosatb

In acidic media some part of chromium (VI) was regflito
the trivalent state when it contacts with organibstance.
Cr(lll) was oxidized to Cr(VI) by potassium permangte
and sodium azide and analyzed by spectrophotoratyric
(Systronics-118) at wavelength 540 nm using dipheny
carbozide as complexing agent (Prakasham et al9)199
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a: EDXRF of Cr.
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Figure 1. EDXRF spectra of tamarind shell.

With increasing pH, reduction of chromium from paper. The data of the reduction of chromium from
hexavalent state to trivalent state is also deesed®s the hexavalent state to trivalent was depicted in Tdbl&otal
present work, the optimum pH for chromium adsomptio unadsorbed chromium (VI) was calculated by takihg t
was found to be 3.0 and at this pH reduction obotium  difference of initial concentration and total heakant
(V1) to chromium (111) was less. Detailed descrgatiof the  chromium concentration in the filtrate.
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[nitial chremium

Cr{vl adsorbed = "\ entration | ~

chromium concentration in the filtrate
+ chromium reduced from Yito ll

After the equilibrium is attained by each systehe metal
uptake capacity for each sample is calculated daogrto
mass balance on the metal ion using

e(Ge)e

whereCi andCe are initial and equilibrium concentrations

of Cr(VI) respectively, m is the mass of adsorbemdV is
volume of solution in litres.

Characterization

The biosorbents are characterized using pycnon#gkic
(microstructures) -It is designed for the analysissolids
and extremely fine powders. The real density ofsblé is
calculated from the ratio of the dried sample wemid the
volume is measured by the pycnomatic. From thetgesa
of pore volume, specific volume is calculated frarhich
percent porosity of each sample is obtained.

Energy dispersive X-ray fluorescence spectrophoterrie
an instrument used to determine the presence efeanent
both qualitatively and quantitatively. The solideges,
loose powders and granules are directly paced otheo
XRF instrument and analyzed with a single calilomati

Porosity is one of the factors that influence thernical
reactivity of solids and physical interaction oflide with
liquids and gases. Percent porosity is measurethking
one gram of the biosorbent and these values asemed
in Table 2. Pretreated biosorbents showed increpsed
volume, decreased density and high percentage rosipp
indicating more pores are available for adsorptibmetal
ions after the pretreatment.

Table 2. Porosity values of biosorbents.

Biosorbent | Pore volume (cc) | Density (g/cc) | % Porosity
CFTS 0.2053 4.869 30.85
H-TS 0.2232 4.480 33.70
O-TS 0.2466 4.055 37.4

EDXRF studies. An EDXRF analysis is a surface sensitive
technique used to measure almost every elementNato
Pu in the periodic table. X-rays observed in flsoent
analyses typically have energies ranging from 1-Key.
These photons can only penetrate a few millimeieic
substance so that it reflects the composition of th
substance not the core or overall composition. Elgal
analysis of biosorbents after biosorption is stddiem the
spectra of EDXRF and is shown in Figure 1. From the
spectral data the three biosorbents show the preseh
chromium at 5.4 () and 5.98 KeV (i8). The penetration
of photons into the substance reflects the comiposibf
the substance and this is seen from the peaksnebltait

Thermo Electron Corporation, EDXRF spectra analysi§esSpective energies for chromium.

(ED 2000 model), used in the detection of chromiism
designed specifically for heavy metal analysis
environmental samples.

Infrared spectroscopy detects the vibrations ofnibal
function groups in a given sample. A Fourier transf
infrared spectrometer, (Nicolet IR-200 spectronetesed
in this analysis gives the information of the speaif the

in

FTIR spectral studies. FT-IR spectra given in Figure 2
shows peaks at 3550-3400 timdicating the presence of -
OH or -NH groups. In Figure 2a, the presence okped
1750-1730 cil correspond to C O stretchinige.
aromatic ester groups in the crude form and thes&sgpdo
not appear in the pretreated forms (Figure 2b, féigal and
Figure 2e). The peaks present at 800-700 amdicate the

compounds being analyzed. The spectra collected aRf€Sence of aromatic orthodisubstituted heterocycli
within the range 4000-450 c¢husing a KBr window. The Molecules, but these peaks are also absent in ttal m
background obtained from the scan of pure KBR jdsorbed spectra of chromium. This indicates thertetis a
automatically subtracted from the sample spectrae T POssibility of ring cleavage after the biosorptiaof

spectra plotted are having the same scale on tfgomium. Thus the binding capacities of the pette
transmittance axis. forms are higher than the crude form. From the tsaec

data it is concluded that in the pretreated forhes ester
groups are already converted into acid groups bypite-
treatment and decarboxylation occurs after the ratiso
of chromium. Peak at 2600 €nFigure 1c) indicates the
presence of O-H group obtained from conversion stére
Pycnomatic ATC. Porosity is defined as the fraction of into acid. It may be stated that the rate of hyghisl and the
pore Vé)“t’m? (\j/pRof the a(ils?rbleritgngat is attributedhe a6 of adsorption also influence the adsorptiquaciy of
pores detected (Rouquerol et al. ) the biosorbent. Therefore, the adsorptive capacitiethe
2] pretreated biosorbents are greater than the croda. f
Treatment of biomass with HCI implies the protooati
where¢ is porosity, Vp = pore volume and V = apparentwhich displaces the light metal ions from the bigdsites
volume. (i.e., carboxylic, sulfonic, and others). According todtg

RESULTS AND DISCUSSION

Characterization of biosorbents

¢=VplV
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TS

: TS HCI freated

1 TS O=alic acid treated
cCroon TS

:Cr.oon HCl reated TS

and Huang (1996), acid treated biomass containdreer
percentage of surface nitrogen. This indicates et
treatment may dissolve polysaccharide compoundshén
outer layer of the cell wall and therefore prodadelitional
binding sites. Acid treatment results not only icl@an-up
of the surface impurities, stabilization of the fage
compounds, and increases the surface area by gptren

available sites for metal adsorption.

Table 3. Kaq values of the biosorbents for the adsorption of

Cr(vi).

Concentration (mg/L) CFTS

50 0.014
100 0.014
150 0.014
200 0.014

H-TS
0.031
0.031
0.031
0.031

O-TS
0.037
0.037
0.036
0.037

: Cr. on Dkalic acid
treated TS

Figure 2. FTIR spectra of tamarind shell.

Effect of pH

Since the solution pH can significantly influenchet
removal of heavy metals, it is therefore an impurta
condition for adsorption of Cr(VI) ions. Experimsrdver a
range of pH values (1-8) with 100 mg/L of chromium
solution in Figure 3 reveal that biosorption capacf
chromium is maximum at pH 3. Agarwal et al. (2006)
reported similar results in the biosorption of ahiom (V1)

by tamarind shell. Tamarind shells are a rich seuot
protein and amino acids (Marathe et al. 2002). Some
functional groups, such as amines, are positivelgrged
when protonated and may electrostatically bind with
negatively charged metal complexes. At lower pHe th
biosorbent is positively charged due to protonateard
dichromate ion exists as anion leading to an eetdtic
attraction between them (Boddu et al. 2003). As ipH
increases, deprotonation starts and there by gesult
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indecrease of adsorption capacity. Chromium gVi)rrfs
stable complexes such as,0f? HCrQ*, CrO,% and
HCr,O;* depending on the pH of the solution. The fraction

of any particular species depends upon the chromium

concentration and pH of the solution (Udaybhaskaale
1990; Kawamura et al. 1997). Speciation studie€rg¥/)

in agqueous solution, on the basis of spectrophdigme
electrochemistry, freezing point depression and NMR
indicates the existence of the following equilibria

H2 CrO4 = HJr + HCrO4-
HCro,t = H" + CrO?
2HCrO ! = Cr,O 2 + H,0

Equilibria are dependent on pH, with HGHOand CpO;?
existing primarily in acidic media and C{being the lone
species of Cr(VIl) above pH 7.0. At higher pH rantes
fraction of CpO;? species rapidly decreases with increasin
pH above 5. The chromium adsorption and pH curve

adsorption capacity, mgly

2 4 B a8

pH

[+ cFTs —=—HCItreated TS —a— Oxalic acid reated T8 |

Figure 3. Effect of pH on adsorption.

Figure 4, Figure 5 and Figure 6 show that adsamptio
capacity sharply increases with increase in ting a@tains
quilibrium in 120 min for (CFTS), 60 min for (H-JSess

imply that the CiO,2 ion is the principal ion being than 50 min for (O-TS) respectively. The metal apson

adsorbed on theamarind fruit shell.

Table 4. Langmuir and Freundlich constants for the
biosorption of Cr(VI) on biosorbents.

. Langmuir Freundlich
Biosorbent 3 o
Q° b r Ke n r
CFTS 74.62 | 0.005 0.99 3.00 | 0.90 | 0.98
H-TS 140.84 | 0.007 | 0.99 | 3.06 | 0.70 | 0.98
O-TS 15151 | 0.035 | 0.99 | 4.87 | 0.80 | 0.98

The decrease in the adsorption with increase ofrjaty be
due to the decrease in electrostatic force of citma
between the sorbent and sorbate ions. At lower aiges,
due to the high electrostatic force of attractidhe
percentage of Cr(VI) removal is high. At very lowHp
value, the surface of sorbent would also be sudedrby
the hydronium ions which enhance the Cr(VI) intéac
with binding sites of the biosorbents by greatdraative
forces. A sharp decrease in adsorption above ptay e
due to occupation of the adsorption sites by asigpiecies
like HCrO4, CrO,’, CrO2* etc., which retards the
approach of such ions further toward the sorbenfase
(Dénmez and Aksu, 2002). The decrease in adsoration
high pH values may be due to the competitivenesthef
oxyanion of chromium and OHons in the bulk. These
results suggest that pH affects the solubility aftafs and
the ionization state of the functional groups like
carboxylate, phosphate and amino groups of thewls
of the biosorbent.

Effect of contact time and initial concentration of
chromium ions

The equilibrium time required for the biosorptiohGr(VI)
on CTFS, H-TS, O-TS is studied at various initial

concentrations (50-200 mg/L) and with 0.1 g of the

biosorbent at different time intervals.

increased rapidly during the first 20 min and remadi
nearly the same afterwards. The rate of adsorjgitigher
in the beginning due to large available surface arethe
biosorbent. After the capacity of the adsorbentsget
exhausted, i.e. at equilibrium, the rate of uptake
controlled by the rate at which the adsorbateasdported
from the exterior to the interior sites of the lmdsent
particles (Verma et al. 2006). The contact timeisery
important consideration for the treatment of wastiewand
accordingly, the contact time is fixed at a littteore than
the respective equilibrium times for each of thesbirbent.

a0

o

Adsorption capacity, mg'g
N © s o oo
B 8 &5 g 8

=)

=]

20 40 &0 a0

Time {min)

100 120 140 160

[~ sopprn = 100pprn & 150pprn 200 ppri|

Figure 4. Effect of contact time on adsorption CTFS.

Adsorption kinetics

Although a range of models is available to studyekics,
Lagergren pseudo first order kinetic model is ufedthe
biosorption of chromium. It should be emphasizeat the
nature of the metal-ion-sorbent interactions i®lijkto be
different for different biosorbents so that biogap of
metal ions on a particular biosorbent could be actien
kinetic controlled process, a diffusion controligcess or
even a combination of the two (Cheung et al. 2008
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rate constant of Cr(VI) adsorption on CTFS, H-T8& and Freundlich) are used to describe the equilibriu
TS followed the first order rate expression givem b between adsorbed metal ions on the algal agl) @nd

Lagergren, metal ions in solutionCy) at a constant temperature. The
equilibrium established between adsorbed compopant
log(qe _ q,) — log g, — [ Ko J the biosorbent and unadsorbed component in solwion
2303 [3] be represented by adsorption isotherms. The madtlyvi

used isotherm equation for modeling equilibriumthe
wherege andg, are amount of metal ion adsorbed per unif_angmuir equation which is valid for monolayer sorp
mass of adsorbent at equilibrium and at tinfein). Kag i onto a surface with a finite number of identicaésiwhich
the rate constant of adsorptlon_. The Ime_ar plditk)g_ @ are homogeneously distributed over the sorbentaserf
%) versus t fqr .the metal ion StUd.'ed at dlffg,-rent The Freundlich expression is an empirical equabased
concentrations indicate the approachability of ¢g@ation on sorption on a heterogeneous surface suggediia t

(Shekinaah et al. 2002). Ho and McKay (1999) oledia N X ) :
similar equation, assuming that the rate limititgpsof the ~ Pinding sites are not equivalent and/or independéhe

reaction may be chemical sorption involving valefurees ~ lin€arized Freundlich and Langmuir adsorption isoths
through sharing or exchange of electrons between ttPf nickel (I1) and copper (Il) ions for both thefos of algae
sorbent and the sorbate. From equation Xihevalues are obtained at 33°C varying the concentration from 50-
calculated and are presented in Table 3. The valfig&sy;  500mg/L was shown in Figure 8 and Figure 9.

remains constant irrespective of initial conceimratof

0 20 40 60 a0 100 120 140 160

Cr(VI) indicates that the adsorption process folofirst 140
order kinetics. Further, increase iK, values for
acidtreated biosorbents relative to untreated foewveal w 0 el
. . 5}
that the rate of adsorption process increases tipatment. E s
5
® 50
100 g
o0 _5 &0
80 ‘é. S — .
El| o 40
% 60 | g
s 20 i
Fe o B i
é 40 0
z

Time {min)
|+ED ppm —8—100 ppm —&— 150 ppm —a— 200 ppm‘

o 20 40 60 80
Time (min) Figure 6. Effect of contact time on adsorption O-TS.

‘ « S0ppm = 100ppm & 180ppm & QDDppm|

The linearized Langmuir and Freundlich models aeduo
describe adsorption of hexavalent Cr(VI) on crudel a
Effect of dosage pretreated forms of the biosorbent.

Figure 5. Effect of contact time on adsorption H-TS.

The effect of biosorbent dosage on the removal ofhe Langmuir isotherm takes the form,
chromium is shown Figure 7. The results indicats the

percent removal of chromium (VI) increases withrease s

in the amount of adsorbent and capable of remofding _ Qe

CTFS, H-TS and O-TS are 93%, 96% and 98% of Cr(VI) Y =10 [4]
respectively. The removal of metal ions increaséti the ‘
g;&ﬁ%?ﬁjmlnaﬁebrlogggegt O;:o;gseg:gaet:]c:n doggge ?&a'?ﬁ \%hgreQ" is the maximum amount of the metal ion per unit
chromium (VI) ions. This is due to availability afiore weight of cell f[c_) form a Comp"?te mon_olayer on the
biosorbent as well as greater availability of scefaarea Surfaces at equilibrium concentrations amds related to
(Aoyama, 2003). The removal of Cr(V1) is highly tawred  affinity of the binding siteQ” and b are determined from
at pH 3 and the same pH is maintained through let t the linear plots 17, vs. 1fe. Langmuir constant®” andb

experiments. and correlation factor iy are presented in Table 4 and are
shown in Figure 8. The values d@° appear to be
Adsorption isotherms significantly higher for Cr(VI) on treated TS. The

adsorption capacity of O-TS is higher than thatHeTS,
Equilibrium data, commonly known as adsorptionwhich in turn is greater than that of CFTS. Thisyrba due
isotherms, are basic requirements for the design ab the fact that oxalic acid has strong metal diega
adsorption systems. Classical adsorption modelsgiaiir  properties suggesting a ligand promoted mechanigtich
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Table 5. Adsorption capacities of different adsorbents for The extent of biosorption of chromium (VI) by tarimar
Cr(v1). shell and by different biosorbents is comparablé walues
found in literature and are presented in Tablehe @ata in

Adsorbent ° (mg/ -~ .

Saw dust (Oikshit, 1089 e the table indicate that biosorbents CTFS, H-TS @RS

Leaf mould (Sharma and Forster, 1994) 23.00 have maximum adsorption capacity compared to many

Maize cob (Sharma and Forster, 1994) 13.80 adsorbents.

Palm pressed fibres (Tan et al. 1993) 15.00

Pinnus sylvestris bark 19.50 04

(activated by 0.05 N NaCl) (Alves et al. 1993) 86.20 i

O. anthropi (Ozdemir et al. 2003) ' '

CFTS (present work) 74.62 =

H-TS (present work) 140.84 . i

PTS2 (present work) 151.51 g o2

0,15
is the main mechanism of mineral dissolution (Fargnal. o /
0,05
2005).
§ ; i ; ; ; :
a 01 02 0,3 0.4 a5 0B 0.7
The empirical Freundlich equation is written as 1Ce
|
— n
He = KF Ce [5] Figure 8. Langmuir isotherms for the adsorption of Cr(VI)

on tamarind shell.

whereKg andn are Freundlich constants and are indicators

of adsorption capacity and intensity respectivelhe CONCLUDING REMARKS
values of Kg, n and correlation coefficients Ir are

presented in Table 4 and are shown in Figure @efreral, The results obtained have shown that tamarind &ftls
n values are less than unity indicating that théesarof the  poth in its natural and acid treated forms are kewme

adsorbent is heterogeneous in nature (Lyubchik @084).  higsorhents for the removal of chromium ions. The

The differences in the Freundlich parameters fochea maximum uptake of chromium (VI) ions occurs at pH 3
biosorbent are probably related to their molecular

structures. The results of equilibrium of biosaoptiof Increase in the amount_ of biosorbent mcrea_sespdneent
hexavalent chromium thus fit to the equations. Botidels '€émoval of the metal ions. Further, the biosorbemts
were developed for a single-layer adsorption. Hargthe characterized by porosimetry, EDXRF spectra andRFTI
Freundlich model physically provides a more reilist spectral analyses. The data fits well to both Lamgrand
description of adsorption by organic matter becaitse Freundlich isotherms and the monolayer maximum
accounts for different binding sites. But, in moases, both adsorption capacities of CTFS, H-TS and O-TS aré24
equations fit the data set reasonably well for theng/g, 140.84 mg/g, and 151.51 mg/g respectively.
experimental data over moderate ranges of cond®mtra Therefore, the present study clearly demonstrates t
Furthermore, the value of Freundlich exponert 0.90 in  possibility of usage of low cost biosorbent, tamdriruit
the range of 3-5, indicates a favourable adsorpmand  ghe|is and pretreated tamarind fruit shells as ablet

McKay, 1998). AIS?’ high adsorption ca_pacity indésathe alternatives for the removal of chromium ions.
strong electrostatic force of attraction betweene dy

molecules and biosorbent binding-sites (Kaewsarch Yan,

2
2001).
1,6 -
100 -
1.4
=]
/‘/—’_"/lf—- 1,2 a
o8 oy p
= +
= 9 1=
g / 0. 2
E 95 0.6
& o5 0.4 =
o4 o= |
923 o e S = o
o 0.5 1 1.5 2
= log Ce
o 0ps 01 015 0z 025 03 035
Amount of adosrbent, g ¢« CFTS mH-TS &4 O-TS
[—CFTs —=—HTS —=0OT5]

Figure 9. Freundlich isotherms for the adsorption of Cr(VI) on
Figure 7. Effect of adsorbent dosage on Cr(VI) adsorption. tamarind shell.
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