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ABSTRACT

The potential to remove Pb (II) from aqueous solutions through adsorption using Ailanthus
Excelsa tree bark was investigated. The effects of pH, contact time, initial concentration and
adsorbent dosage on the adsorption of Pb (II) were studied. The different experimental conditions
were investigated in this study. It was observed that the amount of Pb(II) adsorbed increases
rapidly initially, then system approaches equilibrium within 360 minutes. The extent of Pb (II)
removal increased with increase in time and adsorbent dosage. The reaction kinetics was studied
using different models. Langmuir and Freundlich adsorption model is used for the mathematical
description of the adsorption equilibrium and isotherm constants are evaluated. Equilibrium data
fitted very well to the Langmuir and Freundlich model.
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INTRODUCTION

At present lead pollution is considered a
worldwide problem because this metal is commonly
detected in several industrial wastewaters1.
Undoubtedly, industrial waste based adsorbents
offer a great promise for commercial purposes. Solid
wastes are a vexing societal problem mandating
attention to recycling. Recycled product quality is
not always high or recycle may not be feasible.
However, conversion of solid wastes into effective
low-cost adsorbents for wastewater treatments
could decrease costs for removing lead. Water used
in industry creates a wastewater that has a potential
hazard for our environment because of introducing
various contaminants such as heavy metals into
soil and water resources. Heavy metal ions are
nowadays among the most important pollutants in
surface and ground water2. The safe and effective
disposal of industrial wastewater is thus a
challenging task for industrialists and
nvironmentalists. The important toxic metals are Cd,
Zn, Pb and Ni. Nowadays, with the exponential
increase in population, measures for controlling
heavy metal emissions into the environment are

essential. Lead causes many serious disorders like,
anemia, kidney disease, nervous disorders, and
even death3

There are numerous methods currently
employed to removal of metals from aqueous
environment. Some of these methods are chemical
precipitation and sludge separation, chemical
oxidation or reduction, ion exchange, reverse
osmosis, membrane separation, electro chemical
treatment, evaporation and adsorption.Among all
these, adsorption is the most promising technique
and economically feasible alternative for metal
removal.

Adsorption method offers the advantages
of low operating cost and minimizing secondary
pollution. Plant material is easily available and
relatively; inexpensive an investigation of its use
as a adsorbent seems most appropriate Earlier
researchers used different plant materials such as
Sawdust of Dalbergiasissoo, babhul Bark ,
Mangifera indica (mango), coconut fibers and
Madicago sativa (alfalfa) for metal removal from
wastewater In the present work, the Pb (II) ions



490 WAGHMARE & CHAUDHARI , Curr. World Environ.,  Vol. 8(3), 489-492 (2013)

adsorption capacity of Ailanthus Excelsa   tree bark
(AETB) was studied by a batch technique. The effect
of pH, concentration of Pb(II) ions, contact time and
adsorbent dose on percentage of adsorption has
also been investigated.

MATERIALS AND METHODS

Preparation of Adsorbent
Ailanthus Excelsa  (AETB) tree bark was

collected from a local farm. It was cut in to small
segment and dried in sunlight until almost all the
moisture evaporated. Then it was ground to get
desired particle size of 100 to 200 micron. It was
then soaked 2 hours in 0.1M NaOH solution to
remove the lignin content. Excess alkalinity was
then removed by neutralizing with 0.1 N HCl. The
AETB was then washed several times with distilled
water till the washings are free from color and
turbidity. The washed AETB was oven dried at 200
C for 24 hrs and stored for the study.

Preparation of solutions
All the reagents used were of AR grade.

Pb (II) solution
Stock Pb (II) ions solution (1000 mg/L) was

prepared by dissolving 0.331 gm of A.R. grade
Pb(NO3)2 in 1000 ml distilled water. The solutions
of lower concentrations were prepared by dilution
of appropriate volume of stock solution. 0.1M
Sodium Thiosulphate solution was preapared by
dissolving 1.5810gm of A.R. grade Sodium
Thiosulphate in 1000 ml distilled water.

Dithizone
50ml 3% dithizone solution in choloroform

RESULTS AND DISCUSSION

Effect of pH
The pH of feed solution was examined

from solutions at different pH, covering a range of
2.0-6.0. There was continuous increase in
percentage removal with increase in pH and
reached 53.5 % at pH 6. The increase in percentage
removal may be attributed to higher degree of
ionization of metal ion at higher pH and the reduced
competition of H+ ions with the metal ions for
adsorption sites. The removal of Pb (II) ions

decreases rapidly bellow pH 4. At pH< 4.0, H+ ions
compete with Pb (II) ions for the surface of the
adsorbent which would hinder Pb(II) ions from
reaching the binding sites of the adsorbent caused
by the repulsive forces. At pH grater than 4. For this
reason the maximum pH value was selected to be
4.5.

Effect of contact time
The effect of contact time on the amount of

Pb (II) ions adsorbed was investigated using 10
and 20 mg/L initial concentration of Pb (II) ions with
0.5 and 1 gm/ (AETB) at pH 4.5. The effect of contact
time and metal concentration on the percent
removal of Pb (II) ions by AETB ispresented. The
results indicate removal of Pb (II) ions increases
with increase in contact time and equilibrium was
attained in about 360 min. The extent of removal of
Pb(II) by AETB was found to increase, reach a
maximum value with increase in contact time.

Effect of adsorbent dose
The effect of adsorbent dose on the

removal of Pb(II) ions was investigated using 10
mg/L of initial Pb (II) concentration at initial pH 4.5.
The adsorbent dose was varied from 200mg to 1g/
L. It is observed that the removal of Pb (II) ions
increases with an increase in the adsorbent dose.
Removal of Pb (II) ions increases with increase of
adsorbent dosage. The percentage removal
increases from 30 to 70% by increasing the
adsorbent dosage from 200mg to 1 g/L.

Adsorption Isotherms
Equilibrium isotherm equations are used

to describe the experimental adsorption data. The
parameters obtained from the different models
provide important information on the sorption
mechanisms and the surface properties and
affinities of the adsorbent. The most widely accepted
surface adsorption models for single-solute
systems are the Langmuir and Freundlich  models.
The correlation with the amount of adsorption and
the liquid-phase concentration was tested with the
Langmuir and Freundlich isotherm equations.
Linear regression is frequently used to determine
the best-fitting isotherm, and the applicability of
isotherm equations is compared by judging the
correlation coefficients.
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Freundlich isotherm
The sorption data of nickel ions sorption

onto AETB was also fitted to Freundlich isotherm,
in the following linear form

log qe = log Kf + 1/n log Ce ...(1)

Where, qe is the amount of metal ion
adsorbed per gram of adsorbent (mg/g). Ce is the
equilibrium concentration of metal ion in solution
(mg/L). Kf and 1/n are Freundlich constants,
indicating the adsorption capacity and adsorption
intensity, respectively.

Straight lines were obtained by plotting
log qe against log Ce, which show that sorption of
nickel ions obeys Freundlich isotherm well. The Kf
and 1/n values were calculated from intercept and
slop of the plot respectively and presented in Table
1. The correlation coefficient R2> 0.923 and the
values of n were higher than 1.0, indicating that
adsorption of Pb (II) ions on AETB follows the
Freundlich isotherm.

Langmuir isotherm
The Langmuir isotherm is valid for sorption

of a solute from a liquid solution as monolayer
adsorption on a surface containing a finite number
of identical sites. Langmuir isotherm model
assumes uniform energies of adsorption onto the
surface without transmigration of adsorbate in the
plane of the surface. The Langmuir isotherm is
represented in the linear form as:

Ce / qe = 1/ b Q
0 + Ce / Q0

Q0 and b is Langmuir constants related to
the capacity and energy of sorption respectively. A
plot of Ce/ qe versus Ce should indicate a straight
line of slope 1/ Q0 and an intercept of 1/ (b Q0). The
values of Qo and b and correlation coefficient
obtained from the Langmuir model are shown in
Table 1. The correlation coefficient R2 > 0.944
suggests that adsorption of Pb (II) ions onto AETB
follows the Langmuir isotherm. The maximum
monolayer capacity  obtained from the Langmuir is
22.72 mg/g.

CONCLUSION

Adsorption of Pb (II) ions, from aqueous
solutions using AETB studied. The following results
were obtained:
• These studies show that Ailanthus Excelsa

tree bark is an inexpensive adsorbent for Pb
(II) removal from aqueous solutions.

• The adsorption of Pb (II) ions on AETB was
dependent on the pH, initial Pb (II) ions
concentration, quantity adsorbent dose and
contact time.

• pH 4.5 was used as the optimum pH.
• The equilibrium time for the adsorption of

Pb (II) ions on AETB from aqueous solutions
is estimated 360 minutes.

• The adsorption process of Pb (II) ions can
be described by Langmuir isotherm and
Freundlich isotherm model

• The amount of Pb (II) ions adsorbed
increased with increase initial Pb(II) ions
concentration.

• Kinetic of Pb (II) ions adsorption obeyed the
pseudo-second-order model.

Table 1: Langmuir and Freundlich isotherm parameters for Pb (II) ions uptake by AETB

Pb(II) Con.          Freundlich Constants        Langmuir Constants

Conc. K 1/n R2 Q0 b R2

20mg/L 4.898 1.169 0.923 22.72 0.018 0.944
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