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ABSTRACT
Interaction of Pb(II) ion with modified banana shell (MBS) and banana shell (BS) during adsorption from
aqueous solution were investigated. Batch experiments were carried out to investigate the effect of contact time,
pH, and IDMID ion concentration on adsorption efficiency. The favorable pll for maxim= Pb(II) adsorption
was at 5.0. For the investigated IMOI) concentrations (10-80 mph), maximum adsorption vacs were achieved
almost in the 100 min of contact. Lanpnuir, Freundlich, and Redlich-Peterson were fitted to equilibrium data
models. According to values of error functions and correlation coefficient, the Langmuir and Redlich-Peterson
models were mon: appropriate to describe the adsorption of Pb(II) ions on MRS and BS. The monolayer
maximum adsorption capacity of Pb(II) ions was determined as 104.2 and 453 mgig for MRS and BS.
respectively. Results indicated that theSc adsorbents had a great potential for removing of Pb(11) ions as an ecofriendly process
Keywords: Adsorption; Pb(II) min Isotherm model. Modified banana shell

INTRODUCTION
Heavy metals contained in industnal effluents,
constitute a major source of metal pollution of the
environment, since they are persistent and caruiot be
degraded or destroyed and can be biomagnified by
aquatic organisms. Main industries containing heavy
metals in their effluents are mining, metallurgical.
nuclear power Plants ' metal coating, and battery
production
cf
Lead is the eighty-second Moine t - di p
table. Lead has a number of uses but many of these arc
currently being phased out because of growing
awareness of its toxicity and of the damage that
uncontrolled dispersion in the environment has already
caused. Lead
- s employed in accumulators.
ammunitions, Pining, paints, in anti-radiation screens
and tin-based welding alloys In the past. lead was added
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to petrol in the form of tetraethyl lead pi-riled !Or
with an anti-knocking function: however, in
developed countries this kind of petrol is
currently being phased out for environmental
reasons. Lead may also enter the environment as
a by-product of mining and of the industrial
processing of other metals, such as silver, gold,
bismuth, etc.
Lad po- son g h a
ml co dh-on 'a scd
by increased levels of the metal lead in the blood.
Lead may cause irreversible neurological
damage as well as renal disease. cardiovascular
effects, and reproductive toxicity [2]. Load ranks
second in the list of priontiscd hazardous
substances issued by the If S. ATSDR (Agency
for Toxic Substances and Disease Registry) in
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1999. The noxious effects of this metal have long
been well known, especially as regards acute
forms of poisoning. However, as for many other
contaminants, the threshold level of safety has
been drastically lowered recently. Until
approximately 30 years ago. chronic lead
poisoning was defined by blood lead levels above
80 (grid], while today a lead level of 30 (grAdli in
blood is considered excessive and levels at or
above 10 (grid!. (0.1 ppm) are considered
potentially began!, particularly in children [3].
Various methods of heavy metals removal from
wastewaters have been the subject of different
researches (4-7]. Most of these processes are
unacceptable owing to their high cost, low
efficiency. disposal of sludge, inapplicability to a
wide range of pollutants. Adsorption. on the other
hand, is one of the most recommended physicochemical treatment processes that is commonly
used and applied for heavy metals removal from
water samples and aqueous solutions. In addition.
adsorption process is well recognized as one of
the most efficient methods for removal of heavy
metals from their matrices Adsorption is mainly
based on the utilization of solid adsorbents from
organic, inorganic, biological or low cost
materials [8, 9]. Hewn/ metal removal via
adsorption by organic adsorbents is usually
accomplished by die applications of polymeric
ion-exchangers in which the binding and
interaction or metal species with these adsorbents
is favored via ion-exchange mechanism or by
applications of chelating polymers whereas the
target metal ions arc directly attached to this kind
of adsorbents via chelation or complex formation
mechanism [10-13]. Naturally occumng materials
either modified or unmodified. organic adsorbents
such as &Mon and crosslinkcd carboxymethylchitosan, polysaccharide-based materials and
lignocellulosic fibers with their surface
characteristic functional groups in the form of
hydroxyl or carboxyl were also found great
research interests 114-161
There is not much study on the removal of F5(11)
ions from water reported in the literature. Talley
and et al. [I7I studied the adsorption of P5(I1) by
modified rice husks as a natural solid adsorbent
and Li and et a]. studied the adsorption of Pb 01),
Crall) and Cu(I1) from aqueous solution by
awdust and modified peanut husk [18].

Nabi and et al. used sawdust for ads rption of
heavy metal ions from aqueous solut on. They
indicated increasing of capacity adsorption,
followed sawdust modified with NaOH solution
119].
I.
In this study. PPE) ion was selee d as the
target metal, since it is the one mainly found in
wastewater due to its intensive use in i dustrics.
The objective of this study was the r moval of
MOO ions from aqueous solution MB and BS
as a function of contact time, initi I MON
concentration and pH regimes in a bate system.
The adsorption capacity of this adsor ent was
predicted by use of the equilibrium models.
Funhermore, error functions were carri d out to
determine the best model.
EXPERIMENTAL
All the chemicals used in our experim nts were
of analytical grade. Pla(NO3)2 (molec ar mass
331.20 g/mol CAS Number: 10099-748) were
prepared from Merck Company with pu My more
than 99.99%. The BS preparation piece ure was
discussed in detail in a pmviou paper 20]. For
preparation, MBS was immersed in N OH (0.4
M) then HNO3 (0.4 M) [20].
': I
To evaluate the equilibrium prde ies, we
first prepared various solutions with yule] P5(11)
concentration ranging from 10 to 80: mg/L, and
then added 3 g MBS and BS as dsortien to each
solution. These samples were th n mot red on a
shaker (HZQ-C) and shaken eon inuousl for 10120 mm at 298 K. The suspensions were filtered
using a 085 mm membrane, and the filtrates
were immediately measured I using atomic
adsorption spectroscopy (AAS (8111LADZIl
model AA-6650). The differen es between the
initial and the equilibrium 176(11 concentrations
determine the amount that Pb(II) adsorbed by
MRS and BS in separate solutions. The amount
of Pb(II) ions per unit of adsorb it at time t (q,;
meg) and at equilibrium (q
mg/g) were
calculated by using Eq. (I) i and Eq. (2),
respectively:
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with -COOH group of MBS was postulated as
the mechanism for the removal of Pb(II) ions
[23, 24]. The reason for higher adsorption of
Prell) ions by MBS is the existence of functional
group (-COOH) on this adsorbent. This
functional pimp causes a rise in the negative
charge on the carbon surface. The oxygen atoms
in the functional groups donate single pair of
electrons to metal ions and consequently increase
their cation exchange capacity [21]. It can be
also related to the fact that carboxylic group on
MBS can form a complex with the Pb(II) ions,
leading to increase in the amount of ions
adsorption 137, 381. These results were also
reported in previous studies [23, 25].

where Cs. CE, and Cja (mg/L) represent
concentrations of Pb(11) at initial, at time, and at
equilibrium in the solution, respectively V is he
volume of solution (L), and m is the mass of the
each of adsorbents used (g)
In order to investigate the desorption capacity
of Prell) from MRS and BS, 3g were introduced
to 100 ml solution whose initial Pla(ll)
concentration is 50 mg.1 and pH is 5.0. As the
adsorption reaches equilibrium. the Pb(II)
concentration of the solution was measured, and
then the solution was filtrated using a membrane
to recover the MBS and RS samples. These NIBS
and BS were dried at 60 "C and dispersed into
100 ml deionized water. The pH values of the
solution were adjusted, from 2 to 6, using RC
and HNO3 solutions, respectively. After the
solutions reach equilibrium, the Prell)
concentrations were rremeasured and, the
desorption results were then obtained.

RESULTS AND DISCUSSION

'OA

Effect of contact time and initial MOH ions
In order to optimize contact time for adsorption,
NIBS and BS were prepared. Then the surfaces
were treated by Pb(II) ion solutions with 50
mgi of concentration, pHo5 and 34298K. The
concentration of adsorbed ions on the surfaces
was analyzed by AAS. The adsorption of Prell)
ions on MBS and BS as a 'Unction of contact
time and initial Pb(II) concentrations are shown
in Figs. I and 2, respectively. The adsorption of
Pb(11) ions (4, mg/0 increased with increasing
contact time and initial Prell) concentrations by
NIBS and BS Rapid adsorption was observed
during the first 80 mm of contact time. It scents
that 100 and 80 min is equilibrium contact time
and with increasing of time, the amount of
adsorption equilibrium is constant. Also 100 min
is selected for contact time for MBS and BS
adsorbents Similar results were also found in
previous studies [21-241. A change in the initial
Pb(II) concentration from 10 to 80 mg/ caused
an increase in the amount of adsorbed metal
value from 4.965 to 39 799 mgig and 8.222 to
65.876 ingig for BS and NIBS, respectively (Fig.
2) This could be due to an increase in the
driving force to overcome all mass transfer
resistance of metal ions between the aqueous and
solid phases. When the BS input NaOH (0.4 M)
then IIN0a (0.4 M) coordination bond formation

I
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Fig. I. Effect or contact tulle on the adsorption of
Pb(11) ions by NIBS and 115, initial Pb(I1)50 mg/L.
p14-5 and T=2981C

Fig 2. Effect of initial Pbfill concentrations on the
adsorption of Ph(ll) ions by NIBS and BS. contact
time 100 min. 01=5 and 14298K.
Effect of initial pH regimes
The pH of the solution was one of the important
factors governing the adsorption of Pb(11) ions.
Initial pH regime has a critical role in metal
adsorption by influencing the functional groups
85
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on the adsorbent surface and also the metals
solubility. The pH range of solutions was
adjusted to 2-6 because Pb(II) ions precipitated
as Pb(OH)2 in a solution with a pH value above 6
[25-27]. The effect of pH for the adsorption of
Pb(II) ions on NIBS and BS are given in Fig. 3.
The initial pH values strongly affected the
adsorption of Pb(11) ions. At a pH. value of 2, the
metal adsorption by the MRS and BS was found
to be the lowest. At this pH. high concentration
of FI2 ions could he very effective in excluding
metal ions from binding to the sites on cell
surface. Similar results were also reported in
literature for thc adsorption of some ions on
different adsorbents [4. 5. 271.
The zero poini charge (pH) of the adsorbent
is one way to understand the adsorption
mechanisms 111,131. The pH,g of MBS and BS
were found as pH 8.1 and 1.2, respectively.
where electrostatic repulsion between adsorbent
molecules is at minimum. When pH of the
solution is lo Cr than that of pH, values the
surface of the absorbent gets positively charged.
This limits the adsorption capacity of metal ions
due to electrostatic repulsion. The amount of
dsorbed metal at pH 2 was found to be lower
han that at pH 5 because the surfaces of the
absorbent get more positively charged at the
ower pH 125-281. Decreasing the pH of the
elution causes to increase in positively charged
protons) group density on the surilaee of the
adsorbent, and electrostatic repulsion occurs
between metal ions and functional groups on the
urfacc. Therefore, adsorption capacity of
dsorbents reduced with decreasing the pH of the
[caution [29].

Adsorption isotherm
The relation of Pb(11) ion coMentrati n in the
bulk and the adsorbed amount at the in erface is
a measure of the position of cquilibd m in the
adsorption process and can gene ally be
expressed by one or more of a series o isotherm
models. The interpretation of adsorption data
through theoretical or empirical equations is
essential for the quantitalive estimati n of the
adsorption capacity or amount of the dsurbent
required to remove the unit mass of ollutant
from wastewaier. Fig. 4 and 5 shows a sorption
isotherms of Pb(11) ion at 298K by BS a d MILS,
respectively In this study the experime tal data
were correlated by the non-linear
rms of
Langmuir (Eq. 3). Freundlich (Eq. 4) and
Dubinin-Radushketheh (D-R), (Eq. 5) adsorption
isotherm equationv

VbC,

82,0

(3)

I + bC
=

(4)

th„ = Kurth 22 /II

,
(5)
[
2 1
where q, is the quantity of Pb(II) ion 0, orbed at
equilibrium over the mass of adsorbent material
(mg/g) and C, is equilibriuM cone ntration
(mg/L) of the adsothate species! in solution. Q°
and b are Langmuir constants related to the
monolaycr adsorption capacity (mg. g) and
energy or intensity of adsorption (Uing) 'The
Freundlich constants K1 . and Un are related to the
adsorption capacity and heterogeneity factors
related to binding strength, respectively. Kpa is
D-K constant related to theoretical saturation
capacity and ( is the Polanyi po enual, equal to
RT In( l+Ilthe). where R is t e gas constant
(kthmol K) and T is the temperature (() [30-33].
Also. the Chi-square statistic (82) as error
function is gran by [34]:
!v2
[j
qm
(ha

Fig. 3. Effect of pH solution Pb(It) on the tu sorption
of Ph(111) ions by MRS and BS, initial 1115(11i
concentrations, contact little 100 mm, PH =. and
T=2981(..

1

(6)

where, q, j and tha aw experimental and
calculated mount of ads rbed Pb(II) er unit
weight of a sorbet( (mg/g) respeetively.
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He. 4. Comparison of the experimental and model is
of the Langmuir. Freundlich and D-R isotherms I r
the adsorption of PEE) ions onto BS, contact tim
100 mm. pl M5 and T-298K

comparison between the theoretical Langmuir.
Freundlich and D-R isotherms and the
experimental data. The resulting parameters for
all the three isotherms are tabulated in Table I.
As shown, 183° which is indicative of adsorption
capacity changed in the order of MBS>I3S. The
Freundlich exponent lin gives an indication of
the fayorability of adsorption. Values of I/n <
1.0 represent favorable adsorption condition. The
values of lin obtained in the present study for
P6(11) ions are less than unity, which indicate the
favorable adsorption of Pb(11) ions onto AS and
MRS. The value of D-R constant p is related to
the adsorption free energy E (kl/mol), which is
defined as the free energy change required
transferring Imo! of ions from solution to the
solid surface. From the 13 values the values of E
can

be calculated as E =I/

7. The

magnitude of E is useful to determine the type of
adsorption reaction.
Physisorption processes have adsorption
energy in the range 1-8 kJ/mak while

z
z
.
7

chcmisorption processes have adsorption energy
in the range 20-40 kl/mol. On the other hand,
adsorption can be explained by ion exchange if E

-a"
an'

values he between 8.0 and 16.0 kl/mol 135-37].
The calculated E values for Pb(II) adsorption
onto BS and MBS are ranged 8.11 and 15.46
kilmol. respectively, indicating an ion exchange
reaction, which support the iden that the

2

adsorption of Pb(II) ions onto BS and MRS
mainly prof:wads by binding surface functional
groups, as stated earlier. The Langmuir

Fig. S. Comparison of the experimental and model Is
of the Langmuir, Freundlich and D-R isotherms I
the adsorption of PEESIons onto MRS. contact tun
100 min. plt=5 and T6298K

parameters EP and b are further used to predict
the affinity between Pb(11) ions and adsorbent
using the dimensionless separation factor
Es= I if H-bCs). The values of RL indicate the
shape of the isotherms to be either unfavorable
(Itr > I), linear (lir = I), favorable (0< RL < I)
or irreversible (f5r =0) [38]. The values of Rs for
Pb(11) adsorption was determined over a wide
concentration range at 298 K and the results
confirmed the favorable uptake of Pb(I1) ions
onto BS and MBS. Also. higher Ftr values at
lower metal concentrations showed that
adsorption was more favorabE at lower
concentrations (38-401.

A detailed analysis of the correlation
coefficients obtained for these isotherms by
using non-linear optimization method for IEEE
adsorption. showed that all the two isotherm
equations adequately describe the adsorption
data, but are better fitted to Langmuir, from
which we can assume that adsorption of Pb(II)
ions onto BS and MBS would not take place
beyond a monolayer coverage and all adsorption
sites are equivalent with uniform energies of
adsorption without any interaction between the
adsorbed molecules. Figs. 4 and 5 also show a
87
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TableLlsotherm parameters for the adsorption of K(II) ions onto BS and MBS
Isotherm parameters
Langmuir
(rngig)
b(Urnz)
R2
x2

BS

Pb(11)

MBS

45.3
0.0016
0.9995
0.12

100.2
0.088
0.9996
0.11

1.0059
0.9(77
0.9988
11,12

3.081
0.408
0.9990
10 08

33.12
0 045
0.9981
6.34
8.11

84.18
0 068
0.9983
6.11
15.46

1

Freundlich

Ki

lin
R2

D-R
13

.742

CONCLUSION
MBS is more effective than DS adsorbent for
the removal of Pb(II) ions from aqueous
solutions PIXIE removal increased with
increase in pH and coordination bond
formation with - COOH group of NIBS was

compared to the Freundli h and D-R
equations. The findings indi Med that the
maximum amounts of Plz(10 ions adsorbed
on MBS and ES were found 04. and 45.3
i
mg's, respectively.

postulated as the mechanism for the removal
of Pb(II) ions. The amount of Pb(II) ions
adsorbed per unit weight of MBS at
equilibrium time increased with increase in
concentration. The equilibrium data fitted
better with the Langmuir isotherm equation
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