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Abstract: Pomegranate peels were chosen for the ability soration of lead ions from the simulat
wastewater. Ihas been tested uni various experimental parametstgch as pH, contact time, weight
sorbent, and concentration of metal and effeceofperature. The outcomes indicated that adsorpfi
Pb (Il) ions on the pomegranate peels carappropriatedwith the Langmuir adsotion model and
pseudo-secondrder kinetic model. Result showed that the Pomedeapeel was found to be |-cost
adsorbent for the removal of contaminates. A gdéidiency to remove toxic metal ions was achievec
usage of such by- product.
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1. Introduction

The existence of heavy metal ions of the transitioain, namely: Cu, Fe, Ni, Pb, e
in an environment is a major concern because of theicity for many forms of life
Contrary toorganic pollutants, most of which are exposed tdadgical decompotion,
the metal ions do not degradeinnocuousterminating products [1]ead is highly toxic
heavy metal, and is aimed organs such as bones, blaod, kidney, anthyroid gland
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[2]. Existence of lead in leakage and Poisonouse&dle other negative impacts on the
receiving waters in water regime. Even the conegioim of heavy metals is very low; it
has toxic effect on aquatic life. Major source edd and cadmium in water is from
Industrial Processes i.e. electroplating, paingmant, the steel industry, textile
industry, the metal finishing and manufacturing asdembling batteries [3].

Traditional ways to remove metals involve chemigakcipitation, chemical
oxidation and reduction, ion exchange filtratiomec&rochemical treatment, reverse
osmosis, membrane technologies and evaporationmBe drawback of the traditional
treatment techniques is production of the toxicaical sludge and discarded/treatment
becomes expensive and not environmentally-friendlijus removing toxic heavy
metals to an ecologically secure manner in a ctisctere and in a friendly way
suppose considerable importance, [4][5]. In thé p&siod, the researchers interested to
find low-cost adsorbents that have metal bindingabdities. Agricultural residues have
been fully considered for the removal of metalsrfravastewater. Which involve peat,
wood, pine bark, banana pith, soybean and cotted bellls, peanut shells, hazelnut
shell, rice husk, saw dust, wool, orange peel, ashand leaves [6].

The consumption of Pomegranate fruit is widelyrast and in various products like
a juice, jams and wine. Pomegranate peel is futh vellagitannins (ETs) such as
punicalagin and its isomers, in addition to fewesamgities of punicalin (4,6-
gallagylglucose), gallagic acid, ellagic acid (EApd EA-glycosides [7]. It is a
substance consist of many components, involvinggtanols, ellagictannis and Gallic
and ellagic acids[8]. In the present study, theabdpy of pomegranate peel to remove
Pb (Il) from aqueous solutions has been investijatea batch process. The impacts of
various parameters such as pH of the agueous @ojutbntact time of biosorbent, and
different biomass quantity have been studied. Eothparameters were conclusion by
using biosorption measurements.

2. Materials and approaches
2.1. The preparation of sorbent

Biosorbent were prepared from Pomegranate peainmve PE ions. These peels
collected from the juice market; washed and théeddoy using oven at the temperature
of 110 °C for one day, then crushed and sievedtaio particles with size 0.5 mm.

2.2. The preparation of Lead solution

Artificial wastewater used in this experiment camitag the required concentration of
lead was being prepared by dissolving the calcdlapeantity of the Pb (Ng€), in
distilled water. pH of solution was adjusted toidss value by adding 0.1 M HNCor
NaOH as required. The mass these metals requirgchieve the required concentration
was calculated according to equation (1) assunangpdete dissolution [4]:

M.wt
At.wt

W=VXC(; X

(1)
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Where:

W= weight of the heavy metal salt (mg).

V= the solution volume (L).

Ci= initial concentration of metal ion in solution gh).
M.wt= molecular weight of a metal salt (g/mole).
At.wt= atomic weight of the metal ion (g/mole).

2.3. Batch experiments

The sorption of Pb (Il) on pomegranate peel sdrbes studied by batch method.
In each experiment 100 ml of metal solution witeentration of (50 mg/L) was
adopted in 250 ml Erlenmeyer flask. Weighed a ddsttose quantity of sorbent (0.15-
0.55 g) and added to every conical flask; wereaggpt throughout the orbital shaking
incubator with speed of 200 rpm for 2 hours. Tha@as were taken at various periods
of time, and then separated the supernatant natfdh and measured by Atomic
Absorption Spectrometer (AAS) for remaining heawstah content.

3. Results and discussion

3.1 Theimpact of pH

Usually, the pH of solution plays a significanteah the sorption process. For the
purpose of study the impact of pH on the removdeatl by using Pomegranate peel as
sorbent; 100 mL of 50 mg/L metal solution was udexperiments were performed in
pH of 2, 4, 6, and 8. Hydrochloric acid (HCI) aratigim hydroxide (NaOH) were used
for pH adjustment'Fig.1' indicated that more than 4 pH value the sorptiapacity
impact was important for Pbions. At the pH 6.0 precipitations will happentteavy
metals, because of the insoluble metal hydroxiggsnbprecipitating from the solutions
at higher values of pH and lead to the real sonpgiidies very difficult. This situation
should be avoided through the sorption tests tisinguish between the sorption and
precipitation metal removal becomes difficult [8} low value of pH, the competition
would be between the proton and metal ions on ¢hieeabinding sites. The protonation
of active sites therefore prefers to reduce theahsetrption. At low value of pH about 2
each the binding sites can be Protonated, anddasarbing all the originally bound
metals from the biomass. pH dependence by the mptake could be relatedto a large
extent to the different functional groups on thenbass surfaces and also the chemistry
of metal solution [10].Therefore optimum lead bigmn process will be at pH 4.
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Figure 1.Impact of the pH on Pb (Il) removal by using Pomegranate peel.
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3.2 Impact of sorbent dose

Quantity of sorbent is one of the important parargeused to get the quantities
removal of metal ion. Sorbent amount was studied vayying the quantity of
Pomegranate peel (0.15- 0.55 g) in volume of 100antd about 50 mg/L of metal
solution. Sorption of metal ions was increasedhassbrbent amount increased. Result
was expected due to a constant initial concentratb metal which increases the
amount of adsorbent that supply larger surface areadsorption site[11].The higher
removal efficiency was achieved by using 0.5 g/@0@orbent dosagébig.2'.
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Figure 2.Impact of sorbent quantity on removal of Pb (Il) using Pomegranate peel.

3.3 Impact of contact time

Plot of % efficiency of removal versus time is meted in "Fig.3". The result
showed that the biosorption of Pb (ll) has incrdaséh the increase in time. In the
beginning this increase was fast and then slow vaineas noted until equilibrium.
Equilibrium was founded after a 60 min. In the Imegng, the rate of biosorption was
speedy because of an adsorption of metal ion pestion the upside surface of an
adsorbent. And then became slow because of thesssage of metal ion particles in
the internal structure of the adsorbent [12].
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Figure 3.Effect of time on of Pb (ll) uptake using Pomegranate peel.

3.4 Sorption isotherms

Adsorption data analysis is essential to devel@tiosorption isotherms, and the
interaction between adsorbent and sorbate mayedrtifiéd by the sorption models. In
this study the Langmuir, Freundlich isotherm modetse investigated, [13].
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3.4.1 Langmuir isotherm model

The Langmuir isotherm model implies that adsorptiona surface of adsorbent is
compatible in quality. A saturated monolayer curvan be represented by the
expression, [14]:

qmbCe

T @)

de

where: @ is the metal ions that sorbed on a biomass (mgfg)s the maximum
capacity of adsorption for monolayer coverage (mgihgis the constant relevant to
affinity of a binding site (L/mg), and{s the concentration of metal ions in the solution
at equilibrium (mg/L). The Langmuir model most ofteised to describe sorption
isotherm which limited by the defaults of unifiedpacities of sorption on an adsorbent
surface. Equilibrium constant of an adsorbate-dmsdrand the monolayer ability b and
gehave been identified by the slope- intercept framltangmuir plot in "Fig.4".
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Figure 4.Langmuir plot of Pb (ll) sorption on Pomegranate peel.

3.4.2 Freundlich isotherm model

The Freundlich isotherm is an experimental relafioding the interplay between
adsorbate particles and diverse surfaces. The ssipreof linear equation is [15]:

loggqe = logK + %logCe(3)

Where: Kis the constant indicative of the relatiserption ability of adsorbent
(mg/g). 1/n is the constant pointing to sorptiotensity. Each of K and n are constants,
and are being shows how the sorption and the dedneen-linear between solution and
concentration, respectively. The plots of lineagUfdlich are acquired by plotting log
Oe VS. log G from which adsorption coefficients "Fig.5". All dhe constants from
Langmuir and Freundlich isotherms are shown in &4bl
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Figure 5.Freundlich plot of Pb (l) sorption on Pomegranate peel.

Tablel. Langmuir, Freundlich isotherms Parameters for the Pb(ll) sorption onto pomegranate peel.

Langmuir Freundlich

model Lead (1) model Lead (1)
R? 0.992 R 0.971
Om 19.231 1/n 0.274
B 0.325 k 7.328

3.5. Sorption kinetic models

Kinetic study is essential to improve the variopemting conditions for the adsorption.
Different kinetic models have been proposed to @&rpthe system of reactions. The
kinetics analysis of Pb (Il) on the Pomegranatdspesing pseudo-first order, pseudo-
second order models; application of both kineticdele was specified by finding the
coefficients of determination @R At a high value of B the model is better applied to
the data[13].Pseudo-first order kinetic model ipeataling on the reality that the
concentration change of Pb (I) with respect toetiim fit to the power one. Differential

equation described as, [16]:

1n(Qeq - qt) =Inqe — Kyt 4)

While, the mechanism of adsorption over a full &g a contact time is described by
the pseudo-second order kinetic model. The diffeeguation is appeared as, [17]:

t 1 t
L _ £ 5
ac (kzng + %q) ( )

Where @q is a quantity of metal sorbed at equilibrium (mg/g is a quantity of
metal sorbed at time t (mg/g); and ik the equilibrium rate constant of pseudo first
sorption (1/min) and kis the pseudo-second order rate constant (g/mgH®e.slopes
and intercept of In (g;) vs. t plot "Fig.6a" shown pseudo first order rebastants (B
and @. A plot of t/gt versus t “Fig.6b” was used to detee the pseudo-second-order
rate.
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Figure 6. (a) Pseudo-first-order (b) Pseudo-second-order plots of Pb(ll) on Pomegranate peel.

Table2. The sorption rate constants, practical and theoretical values g, of the pseudo-first- and —second-
order reaction kinetics for component systems.

Lead Oeexperimenta - PSEUMO-fir St-or der Pseudo-second-or der
(n
mg/g _
ke Cecalculated R k20/mg.min  Cecaicuiated R
1/min
mg/g mg/g

9.53 0.071 8.0045 0.838 0.00867 10.6383 0.979

3.6 Impact of Temperatureand Thermal Study

The impact of temperature on removal of Pb (ll)usyng peels of Pomegranate was
suggested by Implementation experiments of 50 mgtlal concentration of metal ion
at 298, 308, and 318 k. "Fig.7" showed that sorptiecrease by rising temperature,
which indicates that the process is exothermicatuire. Thermal parameters Gibb’s free
energy AG°), enthalpy changeAH°) and entropy changé\§°) have been calculated
by the next equations [18]:

wo=(E)-)  ©
AG°=AH°-AS"T 7)

Where K is the distribution coefficientAH®, AS°® andAG®° are change in enthalpy
(kJ/ mol), entropy (J/ (mol K)) and free energy/(kdol), respectively. R is the gas
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constant (8.314 J/mol K) and T is the temperatie The values of thermodynamic
parameters are presented in Tables 3 and 4.
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Figure7.Effect of Temperature on of Pb (ll) removal using Pomegranate peel.

Table 3.The distribution coefficients at different temperature.

Ky ,
R
Lead (I) 298k 308k 318k
19.16129 10.52074 7.912656 0.966

Table 4.The thermal parameters of Pb(ll) ions removal on pomegranate peel.

AG(kJ/mol)
Lead (1) AH@J/mol) AS (J/mol K) 208K 308K 318K
-34.9604  93.1168 -27.7838 -28.7149  -29.6461

The passive values for theGin all examined temperatures showed the sorpson i
spontaneous. The passive value\bf, indicating the process is exothermic nature, and
the positive value oASshowsan increase in randomness in a solid/solini@nface
through a biosorption of Pb (Il) ions Pomegranatelf

4. Fourier-Transform Infrared Analysis (FTIR)

FTIR spectroscopy analysis offers excellent infdiora on the nature of the
functional groups present on the surface of theqgyanate peels. The FTIR spectra of
loaded (PB") pomegranate in the range of 400-4000"amere performed to find out
which functional groups were responsible of theogakson process and are shown in
figure 8. In figure (8), the unloaded pomegranael ghows as the number of sorption
peaks, appearing the complexity of the pomegrapatd. The spectrum pattern of
loaded pomegranate peel occurred changes in the gusorption in comparison to
unloaded pomegranate peel which caused by sorptimeess. The main roles of each
functional group in this study are summed up inl&&b
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Figure 8: FT-IR of Pomegranate biosorbent (a) before and (b) after loaded of Pb (Il)

Table 5.Function collections before and after PGP biosorbent with Pb (Il)

Wave Assignment After adsorption
number Groups (cm™)
(e
3406.00 Carboxylic, Amides, Amine, 3452.58
3066.82 Carboxylic acid, Hydroxyle, Alkenes 3059.10
1732.08 Carboxylic 1735.93
1234.44 Carboxylic acid 1236.58
1157.29 Carboxylic acid 1159.29
1041.56 Carboxylic acid 1045.42
865.86 Aromatic 875.39

5. Conclusions

From this search, it was found that the Pomegrapa#t was used successfully as
sorbent for sorption of Pb (ll) from aqueous santi The isotherm equilibrium
examinations assured that the Langmuir form washbist model for the sorption
process. The maximum adsorption potential of poarege peel adsorbent for Pb (I1)
removal was19.23 mg/g. Pseudo-second-order reakii@tic has provided a factual
description of removal of Pb (ll) with suitable Btiaal and calculated values of ge.
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Also correlation coefficients are higher in psew#ggond-order kinetics. The process
was exothermic nature.
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