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ABSTRACT

Adsorption is one of the effective techniques for Cr (V1) removal fromindustrial wastewater. The present work deals
with the determination of Cr (VI) removal capacity from aqueous solution using Ficus religiosa leaves. The effect of
various parameters such as pH, contact time, adsorbent dose, initial metal concentration and temperature was
investigated. The maximum adsorption of Cr (VI) on leaves was obtained at pH 2. Langmuir, Freundlich and
Temkin models were used to explain the equilibrium data. The adsorption data were well fitted to Langmuir
adsorption model. The maximum adsorption capacity obtained using the Langmuir isotherm model is 18.18 mg/g.
Results indicate the following order to fit the isotherms: Langmuir > Temkin > Freundlich. Adsorption kinetic data
were modeled using the Pseudo first order, Pseudo second order and Elovich models. The kinetics of adsorption
process was well described by the Pseudo second order kinetic model.
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INTRODUCTION

Chromium is one of the contaminants which exishéxavalent and trivalent forms. Trivalent chromiisnan
essential element in human nutrition and is muds ®xic than the hexavalent one, which is recaghias a
carcinogenic and mutagenic agent [1]. Sources afrolum pollution are leather tanning, textile, nhgtecessing,
paint and pigments, dyeing and steel fabricatign [2

Due to environmental concern, discharge limits athbCr(lll) and Cr(VI) have been instituted by mastlustrial
countries. Their concentration in industrial wasiésvs ranges from 0.5 to 270 mg/L. The toleranoé for Cr(VI)

for discharge into inland surface water is 0.1 magfd in potable water is 0.05 mg/L. The MinistryEgfvironment
and Forest (MOEE); Government of India has set mmahinational standards (MINAS) of 0.1 mg/L for safe
discharge of effluent containing Cr(VI) in surfagater|3].

In general Chromium (VI) is removed from waste wabg various methods such as chemical precipitation
electrochemical reduction, sulphide precipitati@@mentation, ion-exchange, reverse osmosis, elalitigsis,
solvent extraction, and evaporation, etc. Thesdoust have been found to be limited, since theyndfteolve high
capital and operational costs. Among these metlaatiorption is the most efficient technique becaoldts
convenience, easy operation and simplicity of de$#]. Adsorption which have proven to be effectfee the
removal of Cr(VI) from aqueous solutions and indasteffluents. Agricultural by-products have beerdely
studied for metal removal from waste water. Theséude peat, wood, pine bark, banana pith, soybaancotton
seed hulls, rice husk, saw dust, tamarind seedspast and leaves [5].

In the present study, activatéicus religiosa leaves are used as low-cost adsorbent for thewanod Cr(VI) from
aqueous solutions. Leaves of different trees arg versatile natured chemical species as thesaitpatvariety of
organic and inorganic compoundsicus religiosa Linn commonly known as ‘Peepal tree’ is a large elyd
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branched tree with leathery, heart-shaped, lometipleaves on long slender petioles and purplésfgrowing in
pairs. The tree is regarded as a sacred tree to Hhiodus as well as Buddhists [12]. Cellulose, remihiloses,
pectin and lignin present in the cell wall are thest important sorption sites. Leaves have chloylbpbarotene,
anthocyanin and tannin which contribute to metabsbrption. The important feature of these compousitisat they
contain hydroxyl, carboxylic, carbonyl, amino aritagroups which are important sites for metajpsion [2]. The
influence of pH, contact time, metal ions conceidraand adsorbent dose were investigated and iexpetal data
obtained were evaluated and fitted using adsorbgutibrium isotherms, and kinetic models.

MATERIALS AND METHODS

2.1. Materials

All chemicals used were of analytical reagent gratkxavalent chromium solution of 1000 mg/I concatibn was
prepared by dissolving 2.827 g potassium dichronmatene litre distilled water. These solutions wéunether
diluted to get solutions of various known concergs of chromium. For pH adjustments throughout th
experiment hydrochloric acid and sodium hydroxidiisons were used. 1M Nitric acid was used far tfeatment
of leaves.

2.2. Adsorbent preparation

Ficus religiosa leaves were collected from local environment inn@xatore city. These leaves were washed, many
times with distilled water to remove dust and s@ulmpurities and were allowed to dry at room terapgre for

two days. The dried leaves were converted into fioevder by using mixer grinder. The powder was eseto
obtain particles of size range 0.01-0.1 mm. 40 gafder sample was soaked in 400 ml of 1N H® 24 h and
then gently heated at %D for 20 min. Treated biomass was washed withlidtivater until maximum colour was
removed and clear water obtained. It was firstdiat room temperature and then in an oven alCLGGnally, it
was stored in air tight glass bottles to protefitoin humidity.

2.3. Batch experiments

Adsorption of Cr(VI) was studied in batch experingenn all sets of experiments, fixed volume of\@J(solution

of 100mL was stirred with desired adsorbent dosg/lLGat 30+2C and 200 rpm for 4 hour. Different conditions of
pH (2-10), initial metal concentration (100-600 kjgAnd contact time of 4h were evaluated duringlytun order
to regulate pH of the medium 0.1N NaOH and 0.1N M&te used. After completion of each batch, theitsm
was filtered through filter paper and the filtratas analyzed for remaining Cr(VI) concentratiorhia sample using
UV visible spectrophotometer with 1, 5-diphenylcaide in acid medium by following APHA, AWWA standa
methods for examination of water and wastewaterTBg absorbance of purple-violet colored solutomeasured
at a wavelength of 540 nm. The amount of Cr(VI)aaded per unit mass of the adsorbent was evalugtasing
the following mass balance equation,

q=[(G- C) xVl/wW 1)

where V is the volume of the solution (L) and We tamount of adsorbent (g); &d G (mg/L), the initial and
equilibrium metal concentrations.

The percent removal of Cr(VI) was calculated akfos:
% Removal of Cr(VI) = [ ( Gita = Gina) / Gnitiar ] X 100 )

Adsorption isotherm studies were carried out withdifferent initial concentrations of Cr(VI) frorh00 mg/L to
600 mg/L at pH 2, contact time 4 h and adsorbesagde level of 10g/L. The kinetic parameters foratsorption
process were studied on the batch adsorption ofd@@ of Cr(VI) at pH 2. The contact time was variigom 30
min to 240 min and the percent removal of Cr(VIswaonitored during the study.

RESULTS AND DISCUSSION

3.1. Effect of pH

The solution pH has been reported to be most irapbrvariable governing the adsorption of metal idys
adsorbents. In order to establish the effect of @Hthe sorption of Cr(VI) ions ont&icus religiosa, batch
equilibrium studies at different pH values wereriear in the range 2-10. It was found that maximuencpnt
removal of chromium (VI) ions on the adsorbent waserved at pH 2 and significantly decreased atenigpH
values. The dominant form of Cr(VI) at pH 2 is HGr@hich arises from the hydrolysis reaction of tighcomate
ion (CrO;%) Increasing the pH will shift the concentration ErO*” to CrLO,* and other forms as CfO
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Maximum adsorption at pH 2 and 3 indicates thatds the HCré form of Cr (VI), which was the predominant
species at this pH range and adsorbed prefergntialithe adsorbents. Better adsorption capacitgrobd at low
pH values with optimum range of pH between 2 anda¥ be attributed to the large number dfibhs present at
these pH values, which in turn neutralize the rigght charged hydroxyl group on adsorbed surfacereby
reducing the hindrance to the diffusion of dichréenans. At higher pH values, the reduction in agdon may be
possible due to abundance of Gbins causing increased hindrance to diffusionidimmate ions [3].

Effect of pH
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Fig.1. Effect of pH on the adsorption of Cr(VI) onb Ficusreligiosa leaves. Initial concentration 100 mg/L, adsorbentlosage 10 g/L,
contact time 4h.

3.2. Effect of contact time

The effect of contact time on the batch adsorptib@r(VI) at pH 2 and initial Cr(VI) concentraticof 100 mg/L is
shown in Fig. 2. The removal of chromium ions imses with time and attains equilibrium in 240 nbiasically the
removal of sorbate is rapid, but it gradually deses with time until it reaches equilibrium. Theéeraf percent
metal removal is higher in the beginning due tcamér surface area of the adsorbent being availinl¢he
adsorption of metal. The two stage sorption meamanwith the first rapid and quantitatively predoanihand the
slower and the quantitatively insignificant [7].

Effect of Contact time
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Fig. 2.Effect of contact time on the adsorption o€r(VI) onto Ficusreligiosa leaves. pH 2, initial concentration 100 mg/L, adsbent
dosage 10 g/L.
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3.3. Effect of adsorbent concentration

Keeping all other parameters constant adsorber das varied from 2 to 10 gm/L. It can be seen fiigure 3
that an adsorbent dose of 10 gm/L is sufficientdptimal removal of metal. After certain adsorbdnsage the
removal efficiency is not increased so significanfthe removal capacity was low at high dose raté\dce versa.
This was due to metal concentration shortage iatiswl at high dose rates.

Effect of Adsorbent dose
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Fig. 3.Effect of adsorbent dosage on the adsorptiasf Cr(VI) onto Ficusreligiosa leaves. pH 2, contact time 4h, initial concentratin 100
mg/L.

3.4. Effect of initial metal ion concentration

Initial concentration of metal was varied from 100600 mg/L and quantity of adsorbent was kept &orisat 10
gm/L. It was observed that percentage removal dseckwith increase in metal concentration as showig. 4. At
low concentrations, metals are adsorbed by spesitfs, while with increasing metal concentratitims specific
sites are saturated and the exchange sites & [ffl].

Effect of initial concentration
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Fig. 4.Effect of initial concentration on the adsoption of Cr(VI) onto Ficusreligiosa leaves. pH 2, contact time 4h, adsorbent dosage 10
g/L.

3.5. Effect of temperature
Keeping all other parameters constant temperatwas varied from 30°C to 50°C. The sorption of chromi
increased slightly with the increase in temperatyseto 40°C and then started decreased Fig. 5tdrhperature
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higher than 40°C caused a change in the textutbeobiomass and thus reduced its sorption capagibmass
contains more than one type of sites for metalibond

Effect of Temperature
86
85
84
83
82
81

% Removal of Cr(VI)

80

79

0 10 20 30 40 50 60

Temperature (°C)

Fig. 5.Effect of temperature on the adsorption of @VI) onto Ficusreligiosa leaves. pH 2, contact time 4h, initial concentratin 100
mg/L, adsorbent dosage 10 g/L.

3.6. Adsorption isotherms

Modeling the equilibrium data is a fundamentaltfoe industrial application of adsorption sinceiites information

for designing and optimizing operating proceduree Rdsorptiorequilibrium data are conveniently represented by
adsorptiorisotherms, which correspond to the relationshipvben themass of the solute adsorbed per unit mass of
adsorbent gandthe solute concentration for the solution at efquiiim C..

In order to successively represent the equilibriadsorptive behavior, it is important to have a sfatitory
description of the equation state between the thases composing the adsorption system. Three kihdeveral
isotherms equations were tested to fit the experiaielata [8].

Langmuir equation: @ge = (C/0may + [1/ (Ghax b)] 3)
Freundlich equation: log.¢r log K¢ + (1/n) log G (4)
Temkin equation: g=a+ b In G (5)

Where ¢ is the amount adsorbed at equilibrium (mg/g) apdsGhe equilibrium concentration of metal ions in
solution (mg/L). The other parameters are differientherm constants, which can be determined byessgpn of
the experimental data. In the Langmuir equatiqn, mg/g) is the amount of adsorbate per unit wegdtadsorbent
to form a complete monolayer on a sorbate surfdrewhich reflects quantitatively the affinity beegn the
adsorbent and adsorbate. Freundlich treatment gineeparameters, n, indicative of bond energiewédxn metal
ion and the adsorbent ang,Kelated to bond strength.
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Fig. 6.Langmuir isotherm plot for the adsorption of Cr(VI) onto Ficusreligiosaleaves. pH 2, adsorbent dosage 10 g/L.
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Fig. 7.Freundlich isotherm plot for the adsorptionof Cr(VI) onto Ficusreligiosa leaves. pH 2, adsorbent dosage 10 g/L.

Table 1.Langmuir, Freundlich and Temkin adsorptionisotherm constants for adsorption of Cr(VI) byFicusreligiosa leaves

Langmuir Isotherm Freundlich Isotherm Temkin Isotherm
Omax(Mg/g) | b(L/mg) R? Ke n R? a b R
18.18 0.032 0.991 4.649 4.5p 0.916 1.0p7 2.646 80.p4
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Fig. 8.Temkin isotherm plot for the adsorption of G(VI) onto Ficusreligiosa leaves. pH 2, adsorbent dosage 10 g/L.

The linearized Langmuir, Freundlich and Temkin ligoims of chromium (VI) are shown in Fig. 6-8. Tistimated
model parameters with correlation coefficienf)(Rr different models are shown in Table. 1. Tlaéues of Rare
regarded as a measure of the goodness of fit afrempntal data on the isotherm models. Applicabiit the three
isotherm models for the present data approximdtdigws the order: Langmuir> Temkin> Freundlich.

Pseudo first order model
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Fig. 9.Pseudo first order plot for the adsorption 6 Cr(VI) onto Ficusreligiosa leaves. pH 2, initial concentration 100 mg/L, adsbent
dose 10 g/L.

3.7. Adsorption kinetics

Adsorption kinetics, which describes the soluteoagton rate, is an important characteristic inleating the
efficiency of the adsorption order to analyze the adsorption kinetics of lyaaetal ions the Pseudo-first, Pseudo-
second order and Elovich kinetic models were agpieedata. The first order rate equation of Lagemgis most
widely used for the sorption of a solute from lidjsolution [9] and is represented as:

In (Ce - @) = In & — Kyt (6)
where @ and g are the amounts of metal ion sorbed (mg/g) atlieguim and at time t, respectively.;Ks the

Lagergren rate constant of the biosorbents (1/nfleudo second order equation based on adsorptigibggm
capacity may be expressed in the form:
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tlor = [L/(K )] + (k)

(@)

where the equilibrium biosorption capacity, and the pseudo second order rate constanfgkng min) were
determined experimentally from gragtinally, the simple Elovich may be expressed imfo

qt:a+[3|nt

©)
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Fig. 10.Pseudo second order plot for the adsorptioof Cr(VI) Ficusreligiosa leaves. pH 2, initial concentration 100 mg/L, adsbent dose
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Fig. 11.Elovich plot for the adsorption of (VI)Ficusreligiosa leaves. pH 2, initial concentration 100 mg/L, adsbent dose 10 g/L.

Table 2.Calculated kinetic parameters for pseudo fst-order, second order and Elovich kinetic model$or the adsorption of Cr(VI) by

Ficusreligiosa leaves.

Pseudo first order

Pseudo second order

Elovich motle

K1 3
$1 K, x10 q
min-t Qe R? 2 %107 e R? R?
(M 1 (ma/g) (@mg*min?) | (mglg) o b
0.012 7.13 0.978 1.675 10 0.996 -3.743 2.147 0.

pO2
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During the present study, the three different kinetodels were applied and showed in Fig. 9-11. &sttmated
model and the related statistic parameters aretegpm Table. 1. The values of correlation coédfits indicated a
better fit of Pseudo-second order model with theeeinental data.

CONCLUSION

The following major conclusions can be drawn basethe above study:

* The removal of Cr (VI) from aqueous solutions stigndepends on the pH of the solution, adsorbesagde,
contact time, initial Cr (VI) concentration and teenature. The optimum pH for the removal was fotmde 2.
Increase in the dose of the adsorbent and deciedise initial concentration of Cr (VI) leads tachease in Cr (VI)
adsorption and increase in temperature and cotitiaetincreases the Cr (VI) removal.

e The experimental results have been analyzed by rhairg Freundlich and Temkin adsorption isothermke T
equilibrium data are best fitted with Langmuir lsetm model thus, indicating the applicability of motayer
coverage of the Cr (VI) on the surface of adsorb&wsults indicate the following order to fit theotherms:
Langmuir > Temkin >Freundlich.

» The adsorption kinetics data were modeled usingRbeudo-first, Pseudo-second order and Elovichtikie
equations. It was shown that the Pseudo-second kirtitics described best the sorption kinetics.

 Finally, this works shows that activaté&dcus religiosa leaves can be used as efficient adsorbent for ILr(V
removal from waste water. However, further reseatobuld attempt to improve the adsorption capaditiicus
religiosa leaves and apply this method to the removal ofisén large scale.
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