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ABSTRACT

Imteraction of Ph(ll) jon with modified hanana shell (MBS) and bapana shelt (BS) during adsorption from
aqueyus solution were investigated. Batch experiments were carmied out ko investigate the effect of contact time,
pH, and PRI} ion concentration on adsurption efficicncy. The favorable pli for maxirmum Phill) adsorption
was at 5.0, For the investigated Ph(T¥) concentrations {10-80 mgsL), maximum adsorption rues were achicved
almaost 1in the 100 min of contact. Langmuir, Freundlich, und Redlich-Peterson were fitted 12 equilibrium data
models. According to vabues of ermor funclions and corredation coefficient, the Langouir and Redlich-Peterson
models were more appropriate 1o describe the adsorption of Pb{Il) jons on MBS und B5. The monokiyer
maxtrmum adserplion capacity of Phill} jons was determined as 1042 and 433 mgig for MB5 and BE
respectively. Results indicated that these adsorbents had a great potential for rermoving of Ph(ll) jons as an eco-

friendly provess

Keywords: Adsorption; PB{IT) 1on: Isotherm medel. Modified banana shell

INTRODUCTION

Hecavy metals contained in indusinal  cfilucots,
constitute a major source of metal pollution of the
enviromment, since they are persistent and cannot be
degraded or destroyed and can be blomagmilicd by
aquatic organisms. Main industries containing heavy
metals 1n their cffhients are mining, metallurmesl,
nuclear power plants, metal coatmg, aod battery
produetion [1].

Lead is the cighuy-sccond clement in the perindic
table, Lead has a number of uses hut many of these arc
currently  being  phased out because of  prowing
awareness of its toxicity and of the damagc that
uncomtrelbed dispersion in the environment has already
caused.  Lead 18 ecmployved  In accumuiators,
ammunilions, piping, pamts, in anti-radiation sercens
aod tn-based welding allovs 'n the past. lead was added
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to petrol in the form of tetrethyl tead phi{C;l )
with an anti-knocking function: howewver, in
developed countres this kind of petrol is
currently being phased out for environmental
reasons. Lead may alse enter the envirmment as
d by-product of muniog and of the indusirial
processing of other metals, such as silver, gold,
bismuth, ete,

Lead powsoning is & medieal condizon caused
hy inercused levels ul the maotal 1ead 1n the blood.
Lead Ay  cause  drrgversible  nourelogical
damage as well at renal disease, cardiovaseular
cffeets, and reproductive toaactly [2] Lead ranks
sceond i the list of priomtised hazardous
substances issucd hy the LI S ATSDR {Agency
foe Tonxic Suhstances and Diseate Registry) in
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1999, The noxious effects of this metat have lony
been well known, cspecially as regards acutc
forms of poisening. However, as for many other
contaminants, the threshold level of safery has
becn  drastically  dowcred  recemtly.  Until
approximatcly 30 vewrs ago. chronic  leud
potsoning was defined by blood lcad levels above
80 {gr/dl, whilc today a lcad level pf 30 (gr/dL in
bleed is considered excessive and levels at pr
above 10 (gridl, (0.1 ppm) are considered
potentiaily hanniul, particularly in chiidren [3].

Varous methods of heavy metals omeval fiem
wastewaters bave been the subject of different
researches [4-7] Most of these processes arc
unacceptable owing 10 their high cost, Inw
cificiency. disposal of sludge, inapplicabulity to a
wide range of poilutants. Adsorptinn, on the nther
hand. is mne of the muost recommended phvsico-
chemical meatment processes that is commonly
used and applted for heavy metals tempval from
water samples and aqueous solutions, In additien,
adsorption process is well recopmzed as Dne of
the must efficient methods for rempval of heavy
metals from their matnces Adsorption is mainly
based oo the wilization of solid adsorbents from
Organic, inorganic, biological or low  cost
matenals [8, 9] Heuvy mctal rembval via
adsorption by orgunic adsorbents 35 usually
accomplished by the applicaions of polvmerc
iwon-exchangers  in - whick 1he binding  and
interaction of metal species with these adsorbents
15 favored via jon-exchange mechanism or by
applicatiens of chelating polvmers whereas the
target metal 1ons are dwrectly attached o this kind
of adsorbents via chelation or complex formation
mechanism [10-13], Nawrally eccumng materials
cither modified or unmoditied. orgunic adsorbents
such as chitosan and crosslinked carhoxymethyl-
chitosun,  polysaccharide-bused  matcrials  and
Ignocellulosie  tibers  with  their  surfuce
eharacterisic functional groups in the form of
hydroxyl or carboxyl were also found greal
tescarch interosts [ 14-16].

There 1 not much study on the remeval of Bbin)
wns from watcr rE:purted in the lterature, Turley
and ct al. [17] stuched the adsorption ot Ph{1l) by
modificd fee husks as a natural solid adsorbent
and L1 and et al. srudied the adsorption of Ph (11},
Cr(IlI}) and Cu{ly from aqueous solution hy
awdust and modificd peanut husk [15).

e

Nabi and et al. used sawdust for adsorption of
heavy mctul ions from aqueous solution. They
indicated nereasing  of capacity  adsorption,
followed sawdust modified with NaOH selution
[19]. ]

In this study, PH(II) ion was selected as the
target metal, since it s the pne muinly found in
wastewater dug to its imensive usc in industrics.
The pbjective nf tis study was the removal of
P(Il} ipns (rom aqucous selution MBS and BS
as a function of comtact time, inibal Ph{ll)
concentration, and pH regimes in a batch systemn.
The adsorption capacity of this adsorbent was
predicted by use of the equilibrium modcls.
Furthermore, error functions were carricd out to
determine the best moded.

EXPERIMENTAL

Al the chemicals used in pur experimens were
nf analytical grade. PBNO,), (molecular mass
331.20 g/mol CAS Number: {0099-74-8) were
prepared frim Merck Company with puriry mere
than 99.99%. The BS preparatinn procedure was
discussed in detail in a previous paper [20]. For
preparation, MBS was immersed in NaOH (0.4
M} then HNOs (0.4 M) [20]. 1 N

To cvajuatc the cquilibrium prupemes Wi
first prepared various selutions 'Jv:th iniial Ph{II}
concentration ranging trom 10 to 30! mg/L, and
then added 3 g MBS and BS us adsertent to each
solution. These samples were then mounted on a
shaker (HZQ-C) and shaken continunusly for 10-
120 mun at 298 K. The suspensions were filtcred
using 4 085 mm membrane., and the filtrates
were immediately mcasured | using  atomic
adsorption spectroscopy (A AS) (SHIMADZU
model AA-6630). The differences between the
mmitial and the cquilibrium PWIT) concentrations
determine the amount that Ph(TT) adsorbed by
MBS and BS in separaie solutions. The amount
of Pb{1l} ions per unit of adsorbent at time t fa:
me/g) and at equilibrium (g mpg) were
caleulated by using Eq. (1) |and Eq. (2,
respectivgly: |

C,=C W |
.4 ()
ML

(C,-C W

H o =—m—_ (2)
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where Ci, €. and G, (mgL) represent
eoncentrations of PH{1T) at imbal, at timc. and at
equilibrium m the solution, respectively V is the
volume of solution (L), and m i5 the mass of the
cach of adsorbents used (g)

In urder to wvestigate the desorption capagity
of P11} from MBS and BS, 3g were introduecd
to 130 ml solution whose initial Phill)
eoncentration 15 50 mg/L and pH is 5.0. As the
adsotption  reaches  equilibrium.  the  Pbill}
concentration of the solution was measurcd. and
then the solution was filttaicd using a membrane
to recover the MBS and BS samples. These MBS
and BS ware dried at 60 "C and dispersed into
100 ml deionized water. The pH values of the
solution were adjusted, from 2 to 6, using HC
and HNO; solutions, respectively. After the
solutions  reach  equilihrium,  the  PB{Il}
concentrations  were  pe-teasured  and,  the
desorptioo results were then obtaied.

RESULTS AND DISCUSSION
Effect of contact time and initiai Pb([l) ions

[n order to optimize contaet time for adsorption,
MBS and BS wore prepared. Then the surfaees
were freated by Ph{Il) 1on solutions with 50
mg/L af coneentration, pH=5 and T=298K. The
concentration of adsorbed ions on the surfaces
w33 analyzed by AAS. The adsorption of Ph{Il)
ions on MBS and BS as a function of contact
time and initial Phi{ll) eoncentrations ate shown
in Figs. 1 and 2, respcetively. The adsorption of
Pbi11} ions (g, mg/g) increased with increasing
contaet time and initial PE{ID) concentrations by
MBS and BS Rapid adsorption was obscrved
during the first 30 min of eontaet fime. [t scems
that 100 and 80 min is equilibium contact time
and with increasing of tme, the amount of
adsorption cquilibrinm is constant. Also 100 min
is selected for contaer time for MBS and BS
adsprbents  Similar resulis were also found in
previous studies [21-24]. A change i the nital
PhLill) concentration from 10 to 80 me'L caused
an inerease IR the amount of adsorbed metal
valug from 4,965 to 39 790 mpfe and 8.222 1v
£35.876 mgfg for BS and MBS, respectively (Fig.
2). This eould be duc o an increasc i the
dnving force to overcome all tnass transfer
resistance of metal 1ons between the aqueous and
solid phases. When the BS input NaOH (0.4 M)
then HNO, (0.4 M} eoordination bond furmation
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with —COOH group of MBS was postulaled as
the mechanism for the removal of P{IDN iony
[23, 24]. The rcason for bigher adsorption of
Pb(II} ions hy MBS is the existence of funciional
oroup  {(-COOH) on this  adsorbent. This
functivnal group causes 3 nse i the negative
charge on the carbon surfaee. The oxygen atoms
n the functional groups donate single pair of
cleetrons to metal ions and consequently mercasc
their eation cxehange capacity [24]. It ean be
also related to the fact 1hal cathoxylie mroup 0o
MBS can form a complex with the Ph(I1} ivns,
leading to inercase in the amount of ions
adsorption [37, 38]. These results were also
reported in previous studies [23, 25].
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Fig. 1. Effect of contact fime oo the adsorprion of
PE{L funs by J1BS and BS, initial Ph{1l) 39 mg/L.
pH=5 and T=298K_
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Fiz 2. Effect of snitial PR(l} concenirabons on the
adsorpion of Pb{Il) ions by MBS and BS. coptact
time 100 min. ptl=5 and T=298K.

Effact of initial pH rggimygs

The pH of the solution was one of the important
factors goveming the adsorption of Pb{ll) ions.
Initiat pH regime bas a colical rele 1o metal
adsorpuion by mlucncing the functional groups

L



T
'!‘,!, IF

0. Mnrads et al. /1. Phys, Theor Chem, LAU lran, 7(2); £3-90. Summer 2010

an the adsorbenl surface and also the metal's
solubility. The pH range of solutions was
adjusted to 2-6 because Pb{IT) ions precipitatcd
as Pb{OH): in a solution with a pH value above 6
[25-27]. The effect of pH for the adserption af
Pb(Ii} tons on MBS aod BS are given in Fig. 3.
The imtial pH walues strongly affected the
adsorption of Pb(IL) ions. Ata pH. value of 2, the
metal adsorption by the MBS and BS was found
10 be the lowest. At this pH. high concentration
of H' ions could be very effective in excludmg
metal jons from binding to the sites on cell
surface. Similar resulls were also reported in
literawure for the adsorption of some jons on
different adsorbents [4, 5. 27).

The zero point charge (pH ) of the adsorbent
1S onc way to understand the adsorption
mechanisms {11,t3]. The pH,y. of MBS and BS
were found as pH 8.1 and 7.2, respectvely,
where clectrostatic repulsion between adsorbent
moelecules 15 al minimum. Wheo pH of the
snlution 15 luwer than that of pH.n valucs. the
surface of the absorbent gets positively charged,
This limits the adsorption capacity of metaf jons
due to clecirostatic repulsion. The amount of
adserbed metal at pH 2 was found to be Jower
than that at pH 3 because the surfuces of the
absorbent get more positively charged at the
lower pH [25-28]. Decrcasing the pH of the
solution causes o increase in positively charged
(protons) group density oo the surface of the
adsorbent, and clectrosiatic repulsion occurs
between metal jons and functional groups on the
surface.  Thercfore, adsorption  capacity  of
adsorbents reduced with decreasing the pH of the
solution [29].
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Fig. 3, Effect nf pH sotution PRt} on the adsurption
of Pb{It) ions by MBS and BS. initial Ph{Il)
concenirations, contact iime 100 min, pH=5 and
T=298K.
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Adserption isetherm -
The relation of Pb(II} 1on conecotration in the
bulk and the adsorbed amount ar the interface is
3 measure of the posihon of cquilibrium o the
adsorption  process and can  generally be
expressed by one or more of a series of isotherm
models. The interpretation of adsorption data
through theoretical or cmpincal cquatinns s
esseotial for the quantitative estimation of the
adsnrption capacity ot amount of the adsorbent
required lo remove the unit mass nf pollutant
from wastewarer. Fig. 4 and § shows adsorption
isotherms of Ph{Il) ton at 298K by B and MBS,
respectively In this study the experimental data
were corrclated by the nondincar forms of
Langmuir (Eq. 3). Freundlich (Eq."4) and
Dubinin-Radushkevich (D-R), (Eq. 5) adsorption

isotherm equations: i
0°bC
[ 3
Bes [+hC, )
|
G = K:C? @
ey = KLI—R[HE g b {3}

Ly
where g, is the quantity of Pb(1) ion adsorbed at
equilibrium over the mass of adsorbent material
{mg/g) and C, Is equi[ihriurh cuhcentnluun
(mg/L) of the adsorbate species' in solution. Q°
and b are Langmuir constanis relaied to the
monalaver adsorption  capacity  (mefe)  and
eocrgy or ntensity of adsurption (Limig) * The
Freundlich constants K, aud 1/n are related to the
adsorption capacity and heterogeneity factors
related to binding strength, respectively. Kyg is
D-R constant related to theoretical saturation
capacity and ¢ s the Polanyi potcnal, 2qual to
RT In(1+0Cc), where R 15 the gas constant
(kI/mol K) and T is the temperature {K) [30-33].
Also. the Chi-square statistici {x™) as error
funcuon is given hy [34]:

2 {qnp - qcuj’ )2
3= —_——
Z ]: fi'rcun'
WReTe, Qnp and Qg arc experinental and
caleulated amount of adsnrhed Ph(Il) per uni

weight of adsorbent (mg/g). respectively.

L3 F {6_}
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Fiv, 4. Cumparison of the experimental and model fits
of the Langmusir. Freundlich and D-R isotherms for
(ke adsorpticn of Philly uns onle BS, contact time

100 min, pl [=5 and T=293K.
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Fig. 5. Cumpanson of the experimental and model tits
of the Langmuir, Freundlich and D-R isothenns for
the adsorption of PhITY 1ons onto MBS, contact tme

1K) min, pH=5 and T=2%8K

A detailed unalysis of bt Corrclation
cocfficients obtained for these isotherms by
using non-lincar optimization method for Pbill}
adsorption. showed that all the two isotberm
cquations adequately describe the adsorption
data, but are better fitcd w Langmuir, from
which we cun assume that adsorption of PHII}
ions onto BS and MBS would not take place
bevond a monolayer coverage and all adsorption
sites are equivalent with unilorm coergics of
adsorption without any inleraction between the
adsnrbed moelecules. Figs. 4 and 5 also show a

comparison between the theoretical Langmuir,
Freundlich and D-R  isotherms and  the
experimental data. The resulting paramcters for
sl the three isotherms are tabglated in Table 1,
As shown, Q% which is indicative of adsorption
capacity changed in the order of MBS>BS. The
Frcundlich exponent 1/n gives an indication of
the favorability ol adsorption. Valucs of 1/ <
L.0) represent favorable adsorption condibon. The
valucs of 1/n obtained in the present study for
Bhb{Il} ipns are less than unity. which indieate the
favotable adsorption of Ph{ll} jons onto BS and
MBS. The value of D-R constant B 1s related to
the adsorption free energy B {klfmol}, which is
defmed as the free cnormy change required
transferring 1mol of ions fmm solutinn tn the
solid surface. From the B valucs the values of B

can  he  caleulated asE=1/.28. The

magnitude of E is useful to determine the type of
adsorption reaction.

Physisurption  proecsses  have  adsorption
encrpy i the range -8 kl/mol. while
chemisotption processes have adsorption energy
in the range 20490 klimel. On the other hand,
adsorption can be explamned by jon exchange il E
values lie between 8.0 and 16.0 klmol [35-37).
The calculated E values for Pb{II} adsorption
ono BS and MBS ate raneed B.11 and 15.46
kl/mol, respectively, indicating an ion cxchange
reaction. which support the idea, that the
adsorption of PH(T1} ions onto BS and MBS
maunly proceeds by bmding sutface funciional
groups, as stated earfier. The Lanpmuir
parameters Q' and b are further used to predict
the affinny between Fhiil) tons and adsorbent
using the dimensirmless separation factor
Ro=iii+bC.}. The valuwes of Ry indicatc the
shape of the sotherms W be cither unfavorable
{Rp = 1), lincur (R = 1), favprable {0 < RL < 1}
ur imcversibie (R =0} [38]. The values of B for
PB(Il}) adserption wus detcemuned over o wide
concentration range at 2985 K and the mesuils
confirmed the fuvorabic uptake of Ph{ID 1ons
onte BYS and MBS, Also. bigher B values al
iower metal  concentmtions  showed  thal
adsorption was maore [favorable at  fower
concentratinns [38-40].
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Table 1. [sotherm parameters for the adsorption of Phill) ions onto BS und 1"»1'.135 i X
Lsotherm parameters BS PRI} MBS | Iff
Langmuir Cont
Q° (mg'e) 453 1042 |, H |
b(L/ma) 0.0016 0088 |+ [
R 01.9993 05996 - |
X 0.2 011 !
1
Freundbich .
K 10059 3.081
tin 0.49977 {9408
R 0.998% 0.99%)
X 112 10 68 13
DR '
Krx 3512 8418 i
i (a3 o068 1: 't
R’ 0.5981 0.9983]  Ni
X 6.34 6.11 |
Ea (kJitnul) §.11 15.46 . }
:
CONCLUSION 8
MBS 1s more effective than BS adsorbent for  compared to the Freundlich and D-R

the removal of Pb(il) ions from aqueous
selutions. Pb(Il) removal increased with
mcrcase in pH and coordination bond
formatton with - COOH group nf MBS was
postulated as the mechanism for the removal
of PW({Il) tons. Thc amount of Ph{Il} ions
adsorbed per unit weight of MBS a
equilibrium lime increased with increase in
concentration. The equhbrium dara fitted
better with the Langmur isotherm equation
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