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ABSTRACT

A new adsorbent was prepared from Custard apple (Annona squamosa) and applied to remove Pb (1) ions from
aqueous solution. The present studies were conducted in a batch adsorption process. The biosorbent was
characterized by FTIR spectroscopy, scanning electron microscopic analysis, eemental analysis and X-ray
diffraction analysis. The influence of P", adsorbent dose, contact time, initial concentration of the adsorbate has
been determined. The optimum pH for the removal of lead ions from aqueous medium is found to be pH=5. Kinetic
parameters of adsorption such as Lagergren pseudo-first order, pseudo-second order and intraparticle diffusion
model were determined. The sorption system follows pseudo-second-order kinetic model and equilibrium time is
obtained after 50 min. The equilibrium data were analyzed by using Langmuir, Fruindlich and Dubinin-
Radushkevich isotherm models. Langmuir model was fitted well by its good correlation co-efficient values.
Desorption studies and recovery of adsorbent were carried out by using dil. HCI solution. The results suggested that
the Annona squamoa bark powder can be used as effective, eco-friendly, low cost adsorbent in the removal of Pb
(1) ions from aqueous solution.
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INTRODUCTION

In recent years increasing industries are resplendib release lot of polluted waste in the envirenmand
damaging the ecosystem [Heavy metal pollution has gained much attentionldweide because unlike other toxic
pollutants, they are not biodegradafde Among all heavy metals, Pb (Il) is one which hageroxic nature when
releases into the environmef@reater levels of Pb (ll) in the adjacent-normatpaf kidneys with carcinomas are
responsible for the individual effect or synergisffect on enzymatic systems in oncogenic pathi@hyAccording
to the Environmental Protection Agency (EPA), tladedevel of Pb (ll) in drinking water is 50ug/L efe as in
waste water it is 500ug/L. By the information oM Health Organization (WHO) the safe level of @b in
drinking water is 10ug/L [4]. Lead can dissociaded exists in Pb (ll) ionic form at low pH valuesdathese Pb (II)
ions enters into the human body by ingestion, imi@h of contaminated air and by taking contamiddte®d and
water [5]. Lead is a general metabolic poison aelaves as enzyme inhibitor. In young children Pbdduses
mental retardation, semi permanent damage of p8&irThere is a growing demand to find relatively efit, low
cost and easily available adsorbents for the atisarpf toxic heavy metals. Heavy metals removahfrdiluted
aqueous solution gaining an interest by the apidicaf biomass from different origin. Sequesterafgoxic heavy
metals with the help of biomaterials has becomeakernative method to economically expensive tranl
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methods like coagulation, precipitation, adsorptietc. [7]. Biosorption is a popular technique thdilizes
inactive/dead biological materials for the remoohheavy metals. Biosorption of metals is not basednly one
mechanism. It consists of several ones that quainely and qualitatively differ according to thgé of biomass,
its origin and its processing. Metal adsorptionoires complex mechanisms like ion exchange, cloelati
adsorption by physical forces and ion entrapmerniniar & intrafibrilar capillaries and spaces oktistructural
polysaccharide cell wall network [8]. Various bidsents from different origins were used to remo¥e(P) ions
from waste water [9-11]. Among the different bidsemts Custard apple (Annona squamosa) bark powaeused
as a novel adsorbent in the present study anditésof the good adsorbents to sequester Pb (i$) fimm aqueous
solution. Annona squamosa plants as biologicaliiess mostly available in large quantities acrbssworld. It
can be used as medicinal plant in India.

EXPERIMENTAL SECTION

2.1. Biosorbent preparation

The bark of Annona squamosa tree was collected Bovh University premises, Tirupati, Andhra Pradeghe
bark was peeled off from tree and made into sesnalll pieces. To remove dirt particles the bark washed with
deionised water for several times and dried inightl The dried pieces were ground in a steel toilget fine
powder and it was sieved. This powder was agaifestéd to washing with deionised water to remowedbluble
materials present in it. After washing it was drad7CC in hot air oven for 4 hours. The final productsweamed
as Custard apple bark (CAB) powder.

2.2. Chemicals and equipment

All chemicals were Analytical grade. Stock solutiohthe test reagent was made by dissolving PixCHouble
distilled water from a Merck Millipore-Q water sgst. Working standards were prepared by progreskivgon of
stock Pb (l) solution using double distilled watéhe pH meter was calibrated using standard bsfiértions of
pH 4.0, 7.0 and 9.2. The pH measurements were msidg an Elico LI120 pH meter. Test solutions pHsrev
adjusted using HCI (0.1 N) and NaOH (0.1 N). Theaheoncentrations in the samples were determirsatguan
atomic adsorption spectrophotometer (Shimadzu MA#eb6300). Bruker Alpha FT-IR spectrophotometenbetn
the wave numbers 4000 and 400trScanning electron microscope ((Model: EVO ma Ihufactured by Carl
Zeiss) has been used to study the surface morphabghe biosorbent. Wide-angle X-ray diffractioWfAXD)
patterns of CAB samples were recorded on an X-iffyadtometer (XRD-6000, Shimadzu) by using Cw K
radiation.

2.3.Batch biosorption process

Batch adsorption tests were carried out at roonp&gature and used to investigate the effect obuarparameters
on Pb (Il) adsorption. A series of 250 ml conidakks are taken for the experiment. Fixed amouiidsbrbent was
placed in conical flasks contains 50 ml of 50 mgRb (1) solution. The pH was adjusted in the ranfjpH 2-9 by
adding little aliquots of dil. HCI and dil. NaOHh&n the conical flask was closed with the helptopger. The
sealed conical flasks were placed on a mechartieddirsg incubator and shaken well for about 24 hatt300 rpm
speed and 2T temperature to get equilibrium. After shakings uspension was filtered and then the filtrate was
analyzed for residual lead ion concentration. Tlacentrations of lead were determined by Flame i&tom
adsorption spectrophotometer. The effect of pH etermined by adjusting the initial pH values raggirom 2-9.
Adsorbent dosage was determined by taking diffegeiaintities of doses from 100 mg to 1000 mg angikeethe
initial concentration and contact time constante Hifect of contact time was determined by varytimg contact
time form 10 min to 100 min. The adsorption isothemwere evaluated from 10 mg ko 170 mg [* by keeping the
adsorbent constant (300 mg). Blank test was peddrim the same experimental conditions without dnibent.

From the metal concentrations measured before fadthe adsorptiond, andC,, in mg L respectively) and dry

weight of biosorbent (W in kg), as well as volunfeaqueous solution (V in ml), the uptake capacitiead ion €,
mg g*) and the removal percentage¥) were calculated according to Equations (1) (@d

qe = (Co—Co)+ (1)

E% =&

o=Ce ¥100 )
0

C
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2.4. Desorption studies

The reversibility of adsorption was investigateddayrying out desorption experiments. DesorptioRPbf(Il) from
metal loaded CAB was carried out by using dil. H@th different concentrations. After determinatioh metal
content in the final solutions, the biosorbent weshed with excess of acid solution and distilledexin order to
reuse the CAB.

RESULTSAND DISCUSSION

3.1. Characterization of the biosorbent

3.1.1. FT-IR spectra

The FTIR spectra of CAB and CAB with Pb (ll) areepented in Fig. 1. The FTIR spectrum of CAB showed
number of absorption peaks, reflecting the presefi@mplex functional groups on the surface of iesorbent.
In the spectrum, the broad band at around 3300 ismattributed to the presence of free and hydrdgemded -OH
stretching vibration. The band at 2950-2899 tim due to the C-H stretching vibration and the ahd440-1410
cm* corresponds to CHbending vibration. The peak at 1155-1145 cm-1tesldo C-O-C anti symmetric
stretching vibration. The adsorption band at 120001cm’® is attributed to cellulose peak at finger pringios
stretching vibration. These peaks are all the dtaristic absorption bands of cellulose [12]. Aftezatment of
CAB with Pb (Il) the characteristic adsorption pgalte disturbed and shifted. The reason may béutiwional
groups present in CAB are bound with metal ions.

3.1.2. X-ray diffraction (XRD)

The crystal phases of CAB were determined by Xpawder diffraction (Fig. 2). The XRD study reveakbat the
presence of amorphous regions, which is favorafidibsorption of metal ion onto CAB. The spectrsinows that
in raw CAB the peaks at 2128, 35 indicates the amorphous regions in the adsorbémtother peaks were
observed which explains the crystalline nature.

% Transmittance

A) CAB
B) CAB with Pb (1)

T T T T T T T T T T T T T
4000 3500 3000 2500 2000 1500 1000
Wave number (cm™)

Fig. 1. FTIR spectra of CAB and CAB with Pb (II)

450



K. Seshaiah et al J. Chem. Pharm. Res., 2014, 6(11):448-459
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Fig. 2. Powder XRD spectra of Custerd apple bark powder

3.1.3. Scanning Electron Microscopy

The Scanning Electron Microscopic image of CAB wasarly shown in fig.3.The image tells the external
morphology of the adsorbent. The image represenitinfig.3 consists of the porous, uneven, hetereges
structures. These characteristics of adsorbereaponsible for biosorption process.

2\

EHT =20.00 kv Signal A = SE1 Date :13 Oct 2014 Zpyen {ou EHT = 20,00 kv Signal A = SE1 Date :13 Oct 2014 Zpyeg

WD = 9.5mm WD = 8.5 mm

Mag= 1.00KX | ] Mag= 1.00 KX

Fig. 3. SEM images of CAB and CAB with Pb (1)

3.2. Effect of pH on removal of Pb (1)

Solution pH is the most important parameter in biesorption of heavy metals. The speciation of seita the
solution is pH dependent. By changing the pH ofgbleition, the state of chemically active sited wlilange. In the
present study solution pH was varied in the ramgef2 to 9, and adjusted the pH values by using\OHCI and
0.1 N NaOH. Due to hydrogen ion competition at keution pH values, the Pb (1) uptake was smadl.the pH
increases, the amount of Pb (II) uptake increasdgtee sharpest increase is observed between pahd.6.0. The
low adsorption of Pb (II) under high acidic condiits is because of the metal binding sties on thsobbent are
closely associated with *Hand restricted the approach of lead as a resulhefrepulsive forces [13]. Minimal
adsorption quantity of Pb (Il) at low pH can beihtited to the competition betweeri Hnd lead ions. Maximum
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removal of lead (ll) was achieved at pH 5% 0.1 vahig the optimum level. At this pH maximum remowéPb (I1)
ions was took place.

12

pH
Fig. 4. Effect of initial pH on theremoval of Pb (I1) on CAB

The adsorption decreases when pH is higher thaoptismum level, which may be attributed to the fatimn of
hydroxides of metal ions by the hydrolysis of Ppigns.

3.3. Effect of biosorbent dosage

The removal efficiency and specific uptake of neetdepend on type and quantity of the biosorbentolf
information is available for particular type of hiass, it is better to find the optimal dose experitally. In the
present study the quantity of biosorbent was vafiesh 100mg to 1000 mg. As revealed in Fig. 5, peecentage
removal or adsorption capacity increased with iaseein biosorbent dose upto the optimum level. dptémum
level is the point where the maximum removal of ahéns from aqueous medium. An amount of 300 mg is
sufficient for the optimal removal of Pb (l) iongloreover, the biosorption capacity was high at thage rates. The
reason for this may be the availability of lessading sites and these were fully utilized.

100

95

90

% Removal

85

T T T T T
0 200 400 600 800 1000

80

Dose (mg)
Fig. 5. Effect of dose on the removal of Pb (I1) on CAB
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3.4. Effect of contact time and adsor ption kinetic study

The contact time profile of the adsorption of P ¢h CAB adsorbent has shown in fig 6. A very thjicreasing
trend is observed during initial 40 min, and thé&exathe rate of Pb(ll) adsorption decreasesy afb@ut 50 min, no
significant change in Pb (ll) removal is obtain&dring initial stage of sorption, a large numbervatant surface
sites are available for Pb (ll) adsorption. Aftepde of some time, the remaining vacant surfaes site difficult to
be occupied due to repulsive forces from lead afsorbed on adsorbents surface. Here, the actieemneksites get
almost saturated. Thereafter, lead ions have toersendeeper into the active intra-particular sgesountering
much larger resistance. This slows down the ratehofil) adsorption during later period of adsavpti

The kinetic parameters are helpful for the predittof the adsorption rate and give important infation for
designing and modeling of the adsorption procebsisTthe kinetics of Pb (II) adsorption onto CABsvamalyzed
using pseudo-first-order [14], pseudo-second-ordé] and intraparticle diffusion kinetic models [16The
conformity between experimental data and the mpdatlicted values was expressed by the correlatefficients
(R*=1).The relatively higher value is the more applieabodel to the kinetics of Pb (Il) adsorption o@AB.

8
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7 —
/ —=— 10mgL"
6 / —e— 30mgL"
0 —a— 50mg L™
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"o R o990 —0—o
o4
E . "
©
]
2
./.’.’l——-l—l—l ]
1 -
0 /
0 20 40 60 80 100

contact time (min)
Fig. 6. Effect of contact time on theremoval of Pb (1) on CAB

3.4.1Pseudo-first-order equation
The adsorption kinetic data were described by tagekgren pseudofirst-order model [14], which is daeliest
known equation describing the adsorption rate basedhe adsorption capacity. The differential epumatis
generally expressed a follows:

d
—E=Ki(qe — 40 3

where g and q are the adsorption capacity at equilibrium ancetimespectively (mg1. K, is the rate constant of
the pseudo first order adsorption (Mjnintegrating Equation (3) for the boundary coiutis t=0-t and qt=0-qt
gives:

log(q—e)— Ky (4)

de-qt/ ~ 2303

Equation (4) can be rearranged to obtain the fotigiinear form:

Ky

log(qe — q¢) = log(qe) — 55t ()
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3.4.2 Pseudo-second-order equation
The adsorption kinetic may be described by the ¢gsesecond-order model [15]. The differential equratis
generally given as follows:

da

==K (qe — 90)° (6)

where k (g (mg min)) is the second-order rate constant of adsorptimegrating Equation (6) for the boundary
conditions g=0-q at t=0-t is simplified as can be rearranged ameidiized to obtain:

t 1 1

- = +—=(t) (7)

qt K2q2  qe

The second-order rate constants were used to agddhle initial sorption rate, given by the follogiequation:
h =K,qé (8)

If the second-order kinetics is applicable, them plot of t/q versus t should show a linear relationship. THaes
of K, and the equilibrium adsorption capacityvgere calculated from the intercept and slope ef fitots of t/g
versus t (Fig. 7). The linear plots of {theersus t show good agreement between experimanthicalculated (g
values at different initial Pb (Il) concentratiof&ble. 1). The correlation coefficients for themed-order kinetic
model are >0.98, which led to the conclusion thatkinetics followed a pseudo-second-order kinatdel.

Table 1 Kinetic parametersfor theremoval of Pb (I1) by using CAB

Pseudo first order Pseudo second order
2
Initial concentration(mg®) qeexp(mgd) ccal(mgg) Kix 102 (min™) R? g.cal (mg ¢") @ lfnzgxl ?noin'l) R?
10 1.5275 1.3726 0.0782 0.95209 2.599969 0.11358 0.9995
30 4.595 2.4797 0.0543 0.98595 4.90076 0.03751 0.9995
50 7.71 4.3848 0.0647 0.99318 8.145312 0.027342 0.9996

3.4.3The intraparticle diffusion model

The adsorbate species are most probably transpiaedthe bulk of the solution into the solid phakeough the
intraparticle diffusion/transport process, which dffen the rate-limiting step in many adsorptioroqasses,
especially in a rapidly stirred batch reactor [18ince the Pb (ll) ions are probably transporteanfits aqueous
solution to the adsorbent by intraparticle diffusidhe intraparticle diffusion is another kinetiodel which should
be used to study the rate of Pb (I1) adsorptiom @AB. The possibility of intraparticular diffusiomas explored by
using the intraparticle diffusion model, which @nemonly expressed by the following equation:

1
qr = Kaipt /2 + C )

where C (mg ) is intercept and l is intraparticle diffusion rate constant ( mgrgin™?). The values of qwere
found to be linearly correlated with the values;gf(Fig. 8) and the rate constang#can be directly evaluated from
the slope of the regression line (Tab. 2). The emlof the intercept C provide information aboutttiiekness of the
boundary layer, the resistance to the external imaasfer increases as the intercept increasescdimgtant C was
found to increase with an increase of Pb (Il) com@gion from 10 to 50mg t, indicating the increase of the
thickness of the boundary layer and the decreatieeoéhance of the external mass transfer and hémeéncrease
of the chance of internal mass transfer. The&ues given in Tab. 2 are close to unity indiogtihe application of
this model. This may confirm that the rate-limitistep is the intraparticle diffusion process. Timedrity of the
plots demonstrated that the intraparticle diffusigayed a significant role in the uptake of the catlate by
adsorbent. However, as there is no still sufficiadtcation about it, it was shown that if the agarticle diffusion is
the sole rate-limiting step, it is essential foe tp versus 4, plots to pass through the origin, which is not thse
[17]. So it may be concluded that the surface autsmr and the intraparticle diffusion were concuathg operating
during the Pb (ll) and CAB interactions.
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Time (min)
Fig. 7. Pseudo-second-or der kinetic model for Pb (11) onto CAB
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Fig. 8. Intraparticlediffusion kineticsfor adsorption of Pb (11) onto CAB

Table2 Intra-particle diffusion model parametersfor theremoval of Pb (11) by CAB

Initial concentration (mg®) K (mg g min™®  C (mg &) R
10 0.07161 0.91936 0.90528
30 0.20094 2.86652 0.92886
50 0.3098 5.0783 0.90399

3.5 Analysis of adsorption isotherms

Adsorption isotherm provides a relationship betweencentration of metal ion in solution and the antoof the
same adsorbed on the adsorbent when both the paesés equilibrium. In the present study, the Rpuptake
capacity of CAB was evaluated using the LangmuieuRdlich and Dubinin—Radushkevich (D—-R) adsorption
isotherm models and the plots are shown in Fig. 9.
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The Langmuir isotherm model assumes that the hitisortakes place at specific homogeneous siteh@surface
of the biosorbent, it means once a metal ion oexgi binding site, no further adsorption can oatuthat site
where the first metal ion binds [18]. The non line@m of the Langmuir equation can be written @tofved in the
equation (10):

_ 9maxKaCe
Te = (11K ac0) (10)

where g is the biosorption capacity at equilibrium (mg)gomax is the maximum Pb (I1) specific uptake (mg)g
and Ky represents the equilibrium constant of the biasmmpreaction. The essential features of the Larigmu
isotherm may be expressed in terms of equilibriarameter R which is a dimensionless constant referred to as
separation factor or equilibrium parameter [19].

1

R,=——
L™ 1+(+K400)

(11)
Where:

Cop = initial concentration

K. = the constant related to the energy of adsorgtiangmuir Constant). Rvalue indicates the adsorption nature
to be either unfavorable if RL>1), linear if RL fayvorable if 0< RL<1 and irreversible if RO [20]. From the data,
the R is greater than 0 but less than 1 indicating tiaatgmuir isotherm is favorable. From this reseawchk, the
maximum monolayer coverage capacity)(@om Langmuir Isotherm model was determined t8B27 mg @, R,
(the separation factor) is 0.2243 indicating the equilibrium sorption was favourable and tHeaRie is 0.99
proving that the sorption data fitted well to Langmnisotherm model.

The Freundlich equilibrium isotherm equation is empirical equation used for the description of fteyer
adsorption with interaction between adsorbed mddscrepresenting the heterogenous surface prop¢2tig. The
Freundlich equation can be written as:

1
qe = K;C,/ (12)

where K is the Freundlich isotherm constant, ‘n’ represehe adsorption intensity,.@hdicates the equilibrium
concentration of adsorbate (mg*L), q is the amount of adsorbate adsorbed per gram efattsorbent at
equilibrium (mg ).

Dubinin and his co-workers conceived this equatarsubcritical vapors in micro pore solids whene adsorption
process follows a pore filling mechanism onto eegoglly non uniform surface [22]. The Dubinin-Ratikevich
(D-R) model, which does not assume a homogeneodiaceuor a constant sorption potential as the Langm
model, was also used to test the experimental data.

. =Quexp(-K [RT @17 )
q =Q_ exp(-Ks) (14

where @, is the maximum amount of the metal ion that cdaddsorbed onto unit weight of sorbent (m),g is the
Polanyi potential which is equal to RT In (1+2)Gvhere R and T are the universal gas constanin(¥3 K™) and
the absolute temperature (K), respectively. Thenlkequations (13) and (14) is related to the meaa &mergy of
sorption per mole of the sorbate when it is tramefeto the surface of the solid from infinity imetsolution and this
energy can be computed using the following relatdo.

E=_ 1 (15)

V2K
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Fig. 9. Biosor ption isothermsof Pb (I1) onto CAB
The results (correlation coefficient valugs(Chi) values) concluded that the Langmuir adsomptsotherm model
exhibit a better fit to the equilibrium data thare@ndlich, Dubinin—Radushkevich adsorption isotherithe R

values of four adsorption models shown in Tabld@gerefore, the biosorption process of Pb (Il) byBCéan be
interpreted as monolayer adsorption.

Table3 Isotherm parametersof Pb (I1) biosorption on CAB at variousinitial concentrations

Isotherm model Value
Langmuil

Qumax (Mg g") 32.27477
b (L mg?) 0.06914
R? 0.99488
v 0.36731
Freundlich

K(mg g*) 3.23785
N 1.77407
R? 0.96098
e 2.79906
Dubinin—Radushkevich

Qn(mg g% 20.14736
K 0.02056
R? 0.93618
» 457846
E 5.491522

3.6. Comparision with other adsorbents

The maximum adsorption capacity (& of different adsorbents [23-26] was shown in Eadl This can explains
the adsorption capacities of different adsorbemtge results indicate that CAB is a potential adsothin the
removal of Pb (Il) from the waste water.

3.6. Desorption of Pb (1) from sorbent

Desorption studies were useful to identify the matof biosorption process and to recover the nfebah sorbent.
Moreover, it also will help to regenerate the satbereuse to adsorb metal ions, and to develogsticeessful
sorption process. In present study HCl was usedessrbing agent with various concentration and dotivat
desorption of metal from the sorbent using 0.15@ ttas quantitative (Fig. 10)
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Fig. 10. Effect of HCI concentration on the desor ption of Pb (I1) from CAB

Table 4 Comparision of Qmax values of different adsorbentsin theremoval of Pb (11) metal ions

Adsorbent Qax References
Oryza sativa husk 8.6 [23]
barley straws 23.2 [24]
Banana peel 2.18 [25]
Ceiba pentandra hulls  25.5 [26]
CAB 32.27 Present stud

CONCLUSION

From the findings of this research, it can be codet that Custard apple bark (CAB) powder is aatées novel
and eco friendly adsorbent which can be used ssfidbsfor the removal of Pb (ll) ions from aqueomedium.
The results obtained from the above studies shdtedthe removal of maximum lead ions by CAB wasesbed
at pH 5.0. Equilibrium adsorption showed that thesbrption process followed Langmuir adsorptiontligom
model better than Freundlich, and D-R isotherm rigdehich indicates that monolayer adsorption existder the
experimental conditions employed. The kinetics istsidndicated that lead removal followed pseudmsdeorder
rate equation. This study demonstrated that CABdcbe used as an effective biosorbent for remo¥d¢ad ions
from wastewater.
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