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ABSTRACT

In the present investigation, the biosorption is carried out to test the suitability of abundantly
available plant based material Ficus Benghalensis L. Leaf powder as an adsorbent for removal
of chromium ions from aqueous solution. The equilibrium studies are systematically carried out
in a batch process, covering various process parameters that include contact time, adsorbent
size and dosage, initial chromium ion concentration and pH of the agueous solution. It is
observed that there is a significant increase in percentage removal of chromium ions as pH
increases from 2 to 6 and attain maximum when pH is 6. The contact time is to be 10 minutes.
The Langmuir isotherm is more suitable for biosorption followed by Temkin and Freundlich
isotherms. The biosorption of chromium ions follows second order kinetic model having a
correlation coefficient of 0.9987.
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INTRODUCTION

The effects of heavy - metal ions on human headthehreceived great attention in the last
decades. As a consequence, methods to remove spetaes from waste water have been the
subject of interest of researchers, in order torawp the water quality. The removal of toxic

metal ions and recovery of valuable ions in minesteavaters, soils and waters have been
important in economic and environmental problemsgl][IHeavy metals and other metal ions

exist as contaminants in agueous waste streamsmy mdustries, such as metal plating, electro
plating, mining, ceramic, batteries and pigment afacturing [5, 6].
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Heavy metals like lead, mercury, arsenic, coppammium and cadmium are highly toxic when
adsorbed into the body [7]. Chromium is often foundeffluents discharged from industries
involved in acid mine drainage, galvanizing plantafural ores and municipal waste water
treatment plants and is not biodegradable and Igatkrough the food chain via
bioaccumulation. Therefore, there is significanerast regarding chromium removal from waste
waters [8] since its toxicity for humans is 100-50@/day [9]. World health organization
(WHO) recommended the maximum acceptable concentraf chromium in drinking water as
0.05 mg/L [10].

Conventional methods of removing toxic heavy metads include chemical precipitation,
chemical oxidation or reduction, filtration, ionalange, electrochemical treatment, application
of membrane technology and evaporation recoverydyer, these processes have considerable
disadvantages such as incomplete metal removagnsige equipment and monitoring system,
high reagent or energy requirements, generatiolo»€ sludge and other waste products that
require disposal [11-14]. Therefore, there is nfeedan alternative technique, which is efficient
and cost effective. Biosorption, based on livinghon living microorganisms or plants could be
such an alternative method of treatment. Which rilese the removal of heavy metals by the
passive binding to non-living biomass from an aaqisesolution [15]. Kuyucak indicated that the
cost of biomass production is the crucial factod@termining the over all cost of a biosorption
process [16].

The present work investigates the potential usamfeatedFicus Benghalensis L.biomass as
metal sorbent for chromium from aqueous solutibicus Benghalensis L.was chosen as a
biosorbent because of the relative lack of inforamatbout its sorption ability. Environmental
parameters affecting the biosorption process sagbHa contact time, metal ion concentration,
biosorbent dosage and biosorbent sizes were eedlu@ihe equilibrium adsorption data were
evaluated by Langmuir, Freundlich and Temkin isothenodels. The kinetic experimental data
were correlated by first and second order kinetclets.

EXPERIMENTAL SECTION

2.1. Preparation of biosorbent

The F. Benghalensis L.leaves were collected from R.V.R. & J. C Collegé&eafyineering campus
of Guntur, Andhra Pradesh, India. Leaves were whsthigh deionized water several times to
remove dirt and dried. Then the dried leaves weredered using domestic grinder to the powder
size of 75-212 um. and used as biosorbent withoypeetreatment for chromium adsorption.

2.2 Chemical

Analytical grades oK,Cr,O, Cr, (SQy)3, HCl and NaOH were purchased from Merck (Mumbai,
Maharastra, India). Chromium ions were preparedlibgolving its corresponding sulphate salt
in distilled water. The pH of solutions was adjastéth 0.1 N HCl and NaOH.

All the experiments were repeated five times areaherage values have been recorded. Also,

blank experiments were conducted to ensure thatsorption was taking place on the walls of
the apparatus used.
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2.3 Biosor ption experiments

Biosorption experiments were performed at room tnaipire (30 + 4C) in a rotary shaker at
180 rpm containing 30 mL of different chromium centrations using 250 mL Erlenmeyer
flasks. After one hour of contact (according to pineliminary sorption dynamics tests), with 0.1
g F. Benghalensis L.leaves biomass, equilibrium was reached and thetioeamixture was
centrifuged for 5 min. The metal content in the esmptant was determined using Atomic
Absorption Spectrophotometer (GBC Avanta Ver 1.A8dstralia) after filtering the adsorbent
with 0.45 um filter paper. The amount of metal alled byF. Benghalensis L.leaves was
calculated from the differences between metal diyaatided to the biomass and metal content of
the supernatant using the following equation:

a=(c,-c. )t ()

Whereq is the metal uptake (mg/go andC; the initial and final metal concentrations in the
solution (mg/L), respectivelyy the solution volume (mL)¥ the mass of biosorbent (g).The pH
of the solution was adjusted by using 0.1N HCI @ridN NaOH.

The Langmuir [17] sorption model was chosen for #simation of maximum chromium
sorption by the biosorbent. The Langmuir isotheam be expressed as

Qmabe
EEFTO = 2)
1+bC,
WhereQumax indicates the monolayer adsorption capacity obdznt (mg/g) and the Langmuir

constantb (L/mg) is related to the energy of adsorption. ftiing the experimental data, the
Langmuir model was linearized as

LS — ©)
q Qmax meaxCeq

The freundlich [18] model is represented by theatign:

1

WhereK (mg/g) is the Freundlich constant related to gaisam capacity of adsorbent adth is
the Freundlich exponent related to adsorption Bitgn(dimensionless). For fitting the
experimental data, the Freundlich model was lizedrias follows:

Inq=|nK+1|nCeq (5)
n

The Temkin [19] isotherm has generally been apphetie following form:
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WhereAr (L/mg) andby are Temkin isotherm constants.

2.4. Biosorption Kinetics

The kinetic studies were carried out by conducbatch biosorption experiments with different
initial chromium concentrations. Samples were ta&edifferent time periods and analyzed for
their chromium concentration.

RESULTSAND DISCUSSION

3.1. The effect of contact time

The data obtained from the biosorption of chromians on the~. Benghalensis L.showed that a
contact time of 10 min was sufficient to achieveliigrium and the adsorption did not change
significantly with further increase in contact timéherefore, the uptake and un -adsorbed

chromium concentrations at the end of 10 min avergias the equilibrium valuesy, mg/g;C,,,

mg/L), respectivelyKig. 1) and the other adsorption experiments were coeduat this contact
time of 10 min (pH 6).

3.2. Effect of pH

We know that the pH of the medium affects the sititylof metal ions and the concentration of
the counter ions on the functional groups of thentasiss cell walls, so pH is an important
parameter on biosorption of metal ions from aquesmhgtions[20—24]

F. Benghalensis L.presents a high content of ionizable groups (carbgroups from mannuronic
and guluronic acids) on the cell wall polysacchesidvhich makes it very liable to the influence
of the pH. As shown ifrig. 2 the uptake of chromium increased with the inazaaspH from
2.0 to 6.0. Similar results were also reportedtarature for different biomass syste{@§—-27]

At pH values lower than 2.0, chromium removal wakibited possibly as a result of the
competition between hydrogen and chromium ions fma gorption sites, with an apparent
preponderance of hydrogen ions, which restrictsaffgoach of metal cations as in consequence
of the repulsive force. As the pH increased, tlgarids such as carboxylate groupsFin
Benghalensis L.would be exposed increasing the negative chargsitgesn the biomass surface,
which in turn increases the attraction of metaibinos with positive charge and allowing the
biosorption onto the cell surface.

In this study, the chromium cations at around phleBe expected to interact more strongly with
the negatively charged binding sites in the adsurb%s a result, the optimum pH for chromium
adsorption was found as 6 and the other adsorptipariments were performed at this pH value.

3.3. Effect of metal ion concentration

Fig. 3 shows the effect of metal ion concentration on ddsorption of chromium b¥icus
Benghalensis L. The data shows that the metal uptake increasethanaercentage adsorption of
chromium decreases with increase in metal ion aunggon. This increase (5.31-14.54 mg/g) is
a result of increase in the driving force, i.e. @amtration gradient. However, the percentage
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adsorption of chromium ions d¢h Benghalensis L.was decreased from 82.29 to 72.93%. Though
an increase in metal uptake was observed, the akxren percentage adsorption may be
attributed to lack of sufficient surface area teaaomodate much more metal available in the
solution. The percentage adsorption at higher cunaon levels shows a decreasing trend
whereas the equilibrium uptake of chromium showsgposite trend. At lower concentrations,
all chromium ions present in solution could intéradgth the binding sites and thus the
percentage adsorption was higher than those athigiromium ion concentrations. At higher
concentrations, lower adsorption yield is due ®ghturation of adsorption sites. As a result, the
purification yield can be increased by diluting thestewaters containing high metal ion
concentrations.

3.4. Effect of adsorbent size

The effect of different adsorbent particle sizes percentage removal of chromium is
investigated and shown Fig. 4. It reveals that the adsorption of chromiumForBenghalensis
L.decrease from 82.29 to 51.64% with the increaseiitjgasize from 75 to 212 um at an initial
concentration of 20 mg/L. The smallest size obthwas 7um due to the limitation of available
grinder configuration. It is known that decreasthg average particle size of the adsorbent
increases the surface area, which in turn increhgeadsorption capacity.

3.5. Effect of adsorbent dosage

Fig. 5shows the effect of adsorbent dosage on the % ranab\equilibrium conditions. It was
observed that the amount of chromium adsorbed draigh varying adsorbent dosage. The
amount of chromium adsorbed increases with an aserén adsorbent dosage from 0.1 to 0.5 g.
The percentage chromium removal was increased B&8r9 to 91.61% for an increase in
adsorbent dosage from 0.1 to 0.5 g at initial cotretion of 20 mg/L. The increase in the
adsorption of the amount of solute is obvious duéntreasing biomass surface area. Similar
trend was also observed for chromium removal usizaglirachta indica as adsorberj28].

4. Biosor ption equilibrium

The equilibrium biosorption of chromium on tke Benghalensis L.as a function of the initial
concentration of chromium is shown kig. 6-9 There was a gradual increase of adsorption for
chromium ions until equilibrium was attained. Thengmuir, Freundlich and Temkin models are
often used to describe equilibrium sorption isathger The calculated results of the Langmuir,
Freundlich and Temkin isotherm constants are gindrable 1

It is found that the adsorption of chromium on En@&enghalensis L.was correlated well with the
Langmuir equation and Temkin as compared to Fréchmdiquation under the concentration
range studied. Examination of the Freundlich datans that this isotherm was not modeled as
well across the concentration range studied.

5. Kinetics of adsor ption
The prediction of adsorption rate gives importarfbimation for designing batch adsorption
systems. Information on the kinetics of solute kets required for selecting optimum operating

conditions for full-scale batch proce$sg.10shows the plottings between amount adsorlogd,

(mg/g) versus timd,(min) for an initial concentration of 20 mg/L. Thdsorption rate within the
first 5 min was observed to be very high and tladter the reaction proceeds at a slower rate till
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equilibrium and finally a steady state was obtaiaéeér equilibrium. The saturation time was
found to be 10 min based on the initial metal cotregion. The kinetics of the adsorption data
was analyzed using two kinetic models, pseudo-fatsid pseudo-second-order kinetic model.
These models correlate solute uptake, which is rapbin predicting the reactor volume. These
models are explained below

5.1. The pseudo-first-order equation
The pseudo-first-order equation of Lagergi29] is generally expressed as follows:

ﬂ: —_
- k(. - a) 7)

where g,and g are the sorption capacities at equilibrium andrmaet, respectively (mg/g) and
k is the rate constant of pseudo first-order sorpiimin®). After integration and applying
boundary conditionsgy =0toq = ¢ att= 0 tot =t; the integrated form of E{7) becomes:

— kl
log(q. - ) = log(a,) 5 2t ®)
The pseudo-first-order rate constagtcan be obtained from the slope of the graph betwee
log(ge-q) versus time,t (Fig.11). The calculatedk; values and their corresponding linear
regression correlation coefficient values are shawhable 2 The linear regression correlation
coefficient value R* found to be 0.9648, which shows that this modelnoarbe applied to
predict the adsorption kinetic model.

5.2. The pseudo-second-order equation
If the rate of sorption is a second-order mechanidra pseudo-second-order chemisorption
kinetic rate equation is expressed2:

dqt — _ 2
o = Ka.-a) (9)

Where g, and ¢, are the sorption capacity at equilibrium and maeti, respectively (mg/g) anki

is the rate constant of pseudo-second-order sorgti{mg min)). For the boundary conditions
g =0to g = g, att= 0 tot=t; the integrated form of E{9) becomes:

1.1, (10)

g k& g

wheret is the contact time (min), (mg/g) andq (mg/g) are the amount of the solute adsorbed
at equilibrium. Eq.(10) does not have the problem of assigning an effectjyelf pseudo-
second-order kinetics is applicable, the grafgh againstt of Eq. (10) should give a linear
relationship, from whichg, andk can be determined from the slope and intercept ofpioé¢

(Fig. 12 and there is no need to know any parameter bedock

The pseudo-second-order rate constanthe calculatedle value and the corresponding linear
regression correlation coefficient valuB are given inTable 2 At an initial chromium
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concentration of 20 mg/L, the linear regressiorralation coefficientR> value was higher. The
higher R value confirms that the adsorption data were vegtesented by pseudo-second order
kinetic model.
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Fig.1. Effect of contact time on biosorption of amium byFicus Benghalensis L.
for 20 mg/L of metal and 0.1 g/30 mL of biosorbeahcentration.
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Fig.2. Effect of pH on chromium biosorption Bicus Benghalensis L. for 20 mg/l
metal and 0.1 g/30 mL of biosorbent concentration.
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Fig.3. Effect of metal concentration on the biosiom of chromium byFicus Benghalensis
at 0.1 g/30 mL of biosorbent concentration.
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Fig.4. Effect of Ficus Benghalensis L. particle size on biosorption of chromium for
20 mg/L of metal and 0.1 g/30 mL of biosorbentantration.

A comparison of the maximum capaci®max of F. Benghalensis L.with those of some other

adsorbents reported in literature is givenrable 3 Differences of metal uptake are due to the
properties of each adsorbent such as structuretidumal groups and surface area.
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Fig.5. Effect of Ficus Benghalensis L dosage on biosorption of chromium
for 20 mg/L of metal concentration.
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Fig.6. Langmuir biosorption isotherm for chromiutrOal g/30 mL
of biosorbent concentration.
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Fig.7. Freundlich biosorption isotherm for chromiair0.1 g/30 mL
of biosorbent concentration.
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Fig.8. Temkin biosorption isotherm for chromiun®at g/30 mL
of biosorbent concentration.
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Fig.10. Effect of contact time on chromium uptakeHicus Benghalensis L. for 20 mg/L
metal and 0.1 g/30mL of biosorbent concentration.
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Fig.11. Pseudo-first-order biosorption of chromibyicus Benghalensis L. for 20 mg/
metal and 0.1 g/30 mL of biosorbent concentration.
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-ig.12. Pseudo-second-order biosorption of chrombyiFicus Benghalensis L. for 20 mg/
metal and 0.1 g/30 mL of biosorbent conceiwine
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Table 1: Langmuir, Freundlich and Temkin isotherm constants and correlation coefficients

Metal ion Freundlich isotherm Langmuir isotherm Tempkin isoth
Ki(mglg)| n R |b(/mg)| Q(mg/g) R |Ar(L/mg)| br R?

Chromium 4.085 0.4379 0.9648 0.1813 17.81 0.9985 7920 596.21 0.9951

Table 2: Kinetic constantsfor chromium onto Ficus BenghalensisL.

Initial Pseudo — first — order Pseudo second order
Concentration (mg/L kl(min‘l) ge(mglg) | R? K, (min‘l) ge(mg/g)| RZ
20 0.5354 9.3583| 0.9669 0.1604 5.711 0.9987

Table 3:Maximum adsor ption capacities for chromium adsor ption to different adsorbents

Adsorbent material Adsorption Capacity (mg/L) pH f&ences
Na-Mont morillonite 3.61 5 [31]
Crushed concrete fines 33 5.5 [32]
Coir 8.6 5.5 [33]
Barley straw 5.3 5.5 [33]
Peat 11.71 5.5 [33]
Coniferous bark 7.4 5.5 [33]
SIl/PE1/GA 32.79 5-6 [34]
Fontinalis antipyretica 14.7 5.0 [35]
Activated carbon 31.11 4.5 [10]
Streptoverticillium cinnamoneum 21.3 55 [6]
Aspergillus niger 405 4.70 5.0 [36]
Penicillium digitatum 9.7 5.5 [37]
Streptomyces nour sei 1.6 5.8 [38]
Mucor rouxii (live) 4.89 5.0 [39]
Mucor rouxii (Na,CO; pretreated) 3.26 5.0 [39]
Mucor rouxii (NaOH pretreated) 5.63 5.0 [39]
Mucor rouxii (NaHCQ; pretreated 6.28 5.0 [39]
Pseudomonas syringae 8.0 n.a [40]
Rhizopus arrhizus 13.5 6-7 [41]
Citrobacter strain MCMB-181 23.62 6.5 [42]
Sargassum sp. 24.35 4.5 [43]
F.Benghalensis.L 18.86 6 | Present study

CONCLUSION

1) The present study shows that the Benghalensis L.was an effective biosorbent for the
adsorption of chromium ions from aqueous solution.

2) The effect of process parameters like pH, metal doncentration, adsorbent dosage and
adsorbent size on process equilibrium was studied.

3) The Percentage biosorption of chromium ions FayBenghalensis L.was increased by
increasing the pH up to 6

4) The uptake of chromium ions By Benghalensis L.was increased by increasing the metal
ion concentration.

5) The Percentage biosorption of chromium ions FoyBenghalensis L.was increased with
increasing the adsorbent dosage.
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6) The Percentage biosorption of chromium ionsHyBenghalensis L.was decreased with
increase in the adsorbent size.

7) The adsorption isotherms could be well fitted by tangmuir equation followed by Temkin
equation.

8) The biosorption process could be best describeatidgecond-order equation.
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