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Abstract
The objective of this study is to investigate #hasibility of using Butea monosperma leaves povwB&tLP) for the removal of
mercury from aqueous solution at the normal pHhefsgolution and at room temperature (@) Results show that BMLP has a good
biosorption capacity for mercury. The biosorpti@otherms were analyzed using Freundlich, Langmuogt @emkin models. The
Freundlich model yielded the best fit for the expental biosorption equilibrium data. The maximunonwlayer biosorption
capacity as determined from the Langmuir model2®285 mg/g of biosorbent for initial concentratioh 150 ppm mercury in the
solution. The biosorption energy( indicates that the biosorption reaction was ehéotic. The kinetic data fitted the Ho's pseudo-
second-order model with correlation coefficientd89 and 0.9620 for initial concentration of 100 ppmd 150 ppm mercury in the
solution. The studies suggest that the sorbenbeamsed for the removal of mercury from aqueoustisnis.
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1. INTRODUCTION

Today worldwide heavy metal pollution is a dangerthreat
to human and animals both in developed and dewedopi
countries. The most toxic metals given in the refoyr the
United States Environmental Protection Agency (USEP
1978) are antimony, arsenic, beryllium, cadmiunrpotium,
copper, lead, mercury, nickel, selenium, silvegllithm and
zinc. These metals are neither biodegradable rstraj@ble;
therefore removal of them is extremely necessanmfr
water/wastewater [1].

Biosorption is most emerging technique studied ewidle
since last 10 years, due to its potential in tremtmof
wastewater [2-3]. Biosorbents of agricultural anigjave polar
functional groups of protein lignin, carbohydratesd
phenolic compounds that have carboxyl, hydroxyfase, and
amino groups, polymeric groups like cellulose, hepilulose,
pectin, lignin and proteins as active centers faetahuptake
[4]. Many researchers have made significant coutidims in
this area, utilizing a number of agro-based mdteach as
rice husk, coconut shell, walnut hazelnut and aldnshell,
cotton seed hull, bagasse pith, papaya wood, suvefl stem,
etc. [5-7].

The objective of the present study was to explbeegotential
of Butea monosperma leaves pow{MLP) for the removal
of Hg(ll) from the aqueous solutions. TBatea monosperma

leaves are in enormous supply, inexpensive andyeasind
around in forest.

2. EXPERIMENTAL

2.1 Biosorption Equilibrium Experiments

50 ml solutions of 100 ppm Hg(ll) concentration eetosed
with 0.05¢g, 0.1g, 0.15g, 0.2g, 0.25g, 0.3g, 0.384g and
0.45g of average size 0.5125mm biosorbent and halses in
an orbital shaker for about 4 hrs for equilibratiofhe
solutions were then filtered and the residual Hg(ll
concentrations were determined spectrophotomdiricas
reported [8]. A similar set of experiments was parfed with
an initial Hg(ll) concentration of 150 ppm.

2.2 Kinetic Experiments

Batch kinetic studies were carried out in a 250 gfdss
beaker. 0.1g of average size 0.5125mm biomass edexlao
25 ml metal solution of 100 ppm Hg(ll) concentratiand was
shaken in an orbital shaker. Samples were withdravn
different time intervals of 30 Sec, 1 min, 3 mirmé, 10 min,
25 min, 45 min, 60 min, 75 min, and 90 min. Samplese
immediately vacuum filtered by using Gooch sintervegare
grade G4 and the residual concentration of Hg(l@rev
determined spectophotometrically. A similar set of
experiments was performed with an initial Hg(ll)
concentration of 150 ppm.
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3. RESULTSAND DISCUSSION
3.1 Equilibrium Studies

In this study three isotherm models were to usetesd the
equilibrium biosorption of Hg (II) ont8MLP.

1. Freundlich I sotherm

This model normally gives a better fit mainly fao$orption
from liquids and can be expressed as [9]:

qe = KFCe% (1)

Where g, (mg/gm) is the amount of adsorbate biosorbed at
equilibrium and € (mg/L) is the equilibrium concentration of
adsorbate in solution. In this model, the mechanésm the
rate of adsorption are functions of the constabts,and K
(L/mg) respectively. The value of the plots foe thiosorption
of Hg(Il) on BMLP given in the table 1. The plots give good
fit (R* = 0.9945 for 100 ppm and 0.9921 for 150 ppm). &or
good biosorbent, 0.2 ¢n <0.8 (0.3368 for 100 ppm and
0.6036 for 150 ppm) A smaller value dfn indicates better
biosorption and formation of relatively strong bobetween
the adsorbate and biosorbent.

2. Langmuir Isotherm

This model is valid for monolayer biosorption orgorface
having finite number of similar sorption sites wlhids
presented by the following equation [10]:

_ qu LCe

%711k .C, 2

In this model,g, (Mmg/g) is the metal biosorbed corresponding
to complete monolayer coverage, i.e., the maximum
biosorption capacity, Cis equilibrium concentration of the
solution (mg/L), andK_ (L/mg) is the Langmuir constant.
From the values of},, as shown in the Table No. 1, it is
observed that the maximum biosorption capacitBbfLP is
26.719 mg/g and 62.235 mg/g for initial concentmatiof
mercury 100 ppm and 150 ppm respectively.

For Langmuir type process, to determine if the @ipgon is
favorable or not, a dimensionless separation fastatefined
as [11]:

1

= 3
=1 K, C, ©

If R >1, the isotherm is unfavorable

R =1, the isotherm is linear

0<R, <1, the isotherm is favorable

R =0, the isotherm is reversible.

The value of R for Butea monosperma (0.01104 for 100 ppm
mercury and 0.08025 for 150 ppm mercury) falls leetw O
and 1, indicating that the isotherms are favorabig.1 shows

a plot of residual equilibrium concentrati@ (ppm) against
adsorbate loading. (mg/g). The curves are convex upward
and so they are favorable because a relatively adsorbate
loading can be obtained at low concentration instbiation.
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Figl. Equilibrium data for the biosorption of Hg(ll)
on Butea monosperma

3. Temkin Isotherm

The derivation of the Temkin isotherm assumes tthefall in
the heat of biosorption is linear rather than ldbaric, as
implied in the Freundlich equation.

The Temkin isotherm is expressed as [12]:

RT
=—In(K,C 4
e AQn( 1Ce) 4

The parameters of the Temkin model, which take® int
account the biosorbing species-biosorbent inteyastigave a
satisfactory fit to the experimental data. The bipson
energy,4Q (448 kJ/kmol for 100 ppm and 189 kJ/kmol for
150 ppm mercury in the solution), indicates thae th
biosorption reaction was endothernfg. is the equilibrium
binding constant (L/mg) corresponding to the maximu
binding energy. From the values kf (9.7496 and 0.7611 for
an initial concentration of 100 ppm and 150 ppmausy) it is
observed that the binding energy is betteBivi_P.
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Tablel. Isotherm modeling for the biosorption of Hg (INto Butea monosperma

Model Equation R ¥ G Parameter values
(ppm)
1. Freundlich q. = K._C j4 0.9945 0.1486 100 | 1/n=0.3368Kr =12.80
e F e 0.9921 0.4574 150 | 1/n=0.6036 K = 6.599
2. Langmuw q _ qu LCe 0.9894 0.6979 100 qm: 26'719;KL =0.8954
© 1+ K LCe 0.9912 1.2169 150 qm = 62.235;KL =0.0764
3. Temkin RT 0.9903 | 0.2636 100 | AQ = 448 kd/kmol;
9, =—In(K;C,) K =9.7496
AQ 00553 | 2.5904 | 150 | 20 = 189 ki/kmol:
Ks = 0.7611

3.2Kinetic Studies

Information about the biosorption mechanism is et by
kinetic study of biosorption. In this study, twdfdrent kinetic
models were applied in order to establish whichtiem
shows the best fit with experimentally obtainedadat

1. Pseudo-first-order (L agergren) model

This model is frequently used in kinetic studiesd as the
earliest known one explaining the rate of biosorptbased on
the biosorption capacity [13]. Itis given by:

dq

(6)
dt

= kl(qe - qt)

Where, gis uptake at any time't’, s equilibrium uptake and
k, is first order rate constant. The experimentaladgives
good fit for BMLP (R? = 0.9963 and 0.9247 for 100 ppm and
150 ppm mercury concentration). The values of trst-6rder
rate constantk{) are 4.898 and 2.457mirfor 100 ppm and
150 ppm mercury.

2. Pseudo second-order (Ho) model

The kinetic equation is written in the form [14]:

The data gives perfect fit for this model fBMLP (R
0.9985 and 0.9625 for initial concentration of 1@@m and
150 ppm mercury) as shown in Fig.2 compared to tgrga’s
first-order rate equation. The values of the seemml@r rate
constants found from of the graphs BMLP (k, = 0.8261
gm/(mg-min) and 0.1490 gm/(mg-min) for 100 ppm drid
ppm mercury) indicate that Hg(ll) removal rate &yfast.

o
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Fig2. Kinetic data for the biosorption of Hg(ll) on Eat

monosperma
2
q = el ()
"1+ gkt
Table2. Kinetic modeling of biosorption of Hg (Il) by Biaemonosperma
Model Equation R Y Co (ppm) Parameter values
1. Pseudo- q =q.(1- e—klt) 0.9963 0.2087 100 Qe = 23.66;k; = 4.898
first-order vt 0.9247 7.3495 150 0e = 30.15k; = 2.457
(Lagergren)
2. Pseudo- q 2 ¢ 0.9985 0.0870 100 ge = 23.86;k, = 0.8261
second- q = e 2 0.9620 3.7061 150 0e = 30.97k, = 0.1490
order (Ho) 1+ gkt
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CONCLUSIONS

In the present study, the potential of usBMLP was assessed
for the removal of Hg(ll) from aqueous solutionsheT
Freundlich model fitted the experimental data wEtie BMLP
exhibits a maximum biosorption capacity of 62.23%nfpr
initial metal concentration of 150 ppm. Biosorptitatlowed
pseudo-second order rate model as indicated by kgl
value of coefficient of correlation 0.9912. Sindeetraw
material (Butea monosperma) is freely availablelamge
guantities as a waste, it can be used economit@ilyg(ll)
removal from polluting waters.
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