¢/ Desalination and Water Treatment
www.deswater.com

() doi: 10.5004/dwt.2018.22659

127 (2018) 97-103
September

Effects of eggshells for lead ions removal from aqueous solution

Hasan Kogyigit*, Biisra Sahin

Department of Environmental Engineering, Aksaray University, 68100 Aksaray, Turkey,
emails: kocyigithasan@hotmail.com (H. Kogyigit), bussra.sahinn@hotmail.com (B. Sahin)

Received 14 February 2018; Accepted 22 June 2018

ABSTRACT

Characteristics and efficiency of untreated eggshells (UNES) were investigated as a low-cost adsor-
bent in removal of Pb* ions from aqueous solution. Initial findings showed UNES potential to be
applied as an effective sorbent due to high concentrations of carbon and calcium and high porosity
and availability of functional groups. Adsorption experiments were studied with varying pH, contact
time, and UNES concentration. Maximum percentages of Pb* ions removal were recorded at opti-
mum pH, contact time, and adsorbent concentration. At optimum conditions of the above-mentioned
parameters, more than 92% yield was obtained within 10 min at UNES dose of 2.5 g/100 mL for the
initial Pb* concentration of 100 mg/L. Evaluation of the isotherms and kinetics confirmed that UNES
has high value of adsorption capacity. Adsorption capacity was calculated from the Langmuir as
3.0172 mg/g at 20°C. The system was best described by the pseudo-second-order kinetic, which its
equation provided evidence in favor of the adsorption kinetic. This experiment demonstrated the
ability of UNES as an effective, sustainable, and low-cost adsorbent for removal of the heavy metal

ions in different wastewaters.
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1. Introduction

Adsorption has been recognized as a promising technique
due to its ease of operation, simplicity of design, high effi-
ciency, and comparable low cost of application in decolor-
ation process [1,2]. Adsorption of different heavy metals has
been studied using low-cost adsorbents including agricul-
tural wastes. Some of the advantages of using agricultural
waste for wastewater treatment include simple technique,
requires little processing, good adsorption capacity, selective
of adsorption effluent, low cost, free availability, and easy
regeneration [3-7]. Lead (Pb*) is classified as a priority haz-
ardous substance by various agencies including the Agency
for Toxic Substances and Disease Registry [8,9]. Since Pb*
pollution in drinking water leads to important health prob-
lems for people, it is seen as significant environmental issue.
Pb* is related to industrial activities. Lead is broadly used
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in the manufacture of batteries and accumulators, in the
manufacture of pigments and paints, in the petrochemical
sector as a stabilizer for plastics and as a detonator for explo-
sives, among other applications [10,11]. Lead is considered
a potential carcinogen in humans [11,12]. Activated carbon
is usually used as the versatile material due to high surface
area, microporous structure, and high adsorption capac-
ity [13]. However, activated carbon is expensive and there is
a need for its regeneration after each adsorption experiment.
In order to decrease the cost of adsorption, low-cost forest
wastes are presently considered promising adsorbents for
adsorption [14-16]. Recently, our laboratories have devel-
oped untreated eggshells (UNES) as a potential adsorbent for
the removal of Pb* from its aqueous solutions.

Eggshells (ES) are well-known waste materials, which are
everyday generated on a large scale from household, restau-
rants, food industries, bakeries, etc. [17]. ES, a biodegradable
natural material, is a widespread domestic by-product that
is abundant and available at a very cheap [18]. Because of
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its unique natural spongy structures and loud ingredient of
calcite, ES has been used in many applications including as
an adsorbent for ecological remediation [19]. ES-based mate-
rials have shown powerful affiliations to different heavy
metal ions and thus can be used as an inexpensive adsorbent
for soil remediation and wastewater treatment [20,21]. The
purpose of this study is to investigate the optimum condi-
tions for the removal of Pb* from its aqueous solutions using
UNES as a biosorbent. This paper includes results of the
effects of pH, contact time, and UNES dosage on its removal
along with adsorption isotherms.

2. Materials and methods
2.1. Aqueous solution

The Pb* simulated solutions were prepared from Pb(NO,),
(Merck Chemicals GmbH, Germany). About 1.593 g of
Pb(NO,), was weighed and a standard Pb* concentration
of 1,000 mg/L was prepared, and further working solutions
of 100 mg/L was prepared by serial dilution as and when
required. All chemicals were analytical grade, as they were
purchased from Merck. The initial pH of Pb* solution was
adjusted to the desired pH by adding 1 mol/L HCI or NaOH
solutions.

2.2. Preparation of UNES as an adsorbent

The UNES were collected and washed with distilled
water several times to remove dirt particles and dried for 3 h
in an oven at 150°C and then allowed to cool at room tem-
perature, subsequently it was crushed and then finally sieved
into particle size of 0.5 mm (see Fig. 1). The sieved adsorbent
was stored in an air-tight container. No other chemical modi-
fication was taken place [22,23]. Ash content was determined
at 650°C. Moisture content was determined at 105°C in accor-
dance with Oyeleke method [24]. Fiber was also determined
by means of Oyeleke method. Crude nitrogen was deter-
mined by means of Kjeldahl method and crude protein was
obtained by multiplying the value of nitrogen with a protein
conversion factor 6.25. Both lipid and fiber were determined
according to the work of AOAC [25], while carbohydrate was

estimated from: CHO = 100 — (%ash + %crude lipid + %crude
protein + %fiber) [26].

2.3. Analytical methods

Before the start of the experiments, UNES were dried and
placed in ball mill and obtained crumbs were sifted to acquire
the size of smaller than 100 um. The pH measurements were
performed with LABQUEST2 digital meter. Adsorption
experiments were performed in batch systems, using UNES
amount, pH, and contact time as variables. The Pb* concen-
trations in the initial and effluent samples were analyzed
using the Perkin Elmer Optima 2100 DV model inductively
coupled plasma optical emission spectrometry (ICP-OES).
The chemical characteristics of surface functional groups
for UNES were determined by Fourier transform infrared
(FTIR) spectroscopy at a wavelength range between 400 and
4,000 cm™. The surface morphologies for UNES were exam-
ined by scanning electron microscopy (SEM). The chemical
composition of the UNES sample was determined by X-ray
fluorescence machine [16]. The experiments were carried
out by contacting precisely weighted samples of UNES with
100 mL of Pb* solutions in the sealed 250 mL Erlenmeyer
flasks. The suspensions were conducted on a thermal shaker
at a shaking speed of 250 rpm at 20°C in triplicate. After
the specified time, suspensions were filtered through filter
study 0.45 um pore size membrane filters. After adsorption,
the mixtures were filtered and the filtrates were analyzed for
Pb* content using an ICP-OES at 261.42 nm.

2.4. Pb* adsorption capacity

The experiments were performed at different process
variables for the ES, the concentration of Pb* deposited onto
UNES surface utilizing the accompanying mathematical
expression:

] mg :(CU—CC)XV )
‘Lg 1,000 x w

where g, is the amount of Pb* deposited on UNES (mg/g),
C, is the initial solute concentration in the solution before

Fig. 1. (a) Natural eggshell and (b) UNES adsorbent [43].
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adsorption (mg/L), C, is the final concentration of solute in
the solution after adsorption (mg/L), V is the volume of the
metal solution (L), and w is the weight of the UNES adsor-
bent. Adsorption system was quantified by calculating the
adsorption percentage (E %) as defined by Eq. (2):

(Co _Ce)

2
1,000xC, @

E(adsorption)(%) =

Adsorption experiments were performed in triplicate
and the mean values of instances were submitted. In addi-
tion, blank examples were used to compare the results
through all adsorption system. Data submitted are the mean
values from the adsorption tests, error bars are indicated in
Figs. 2-4.

3. Results and discussion
3.1. Effect of contact time for Pb*"

Contact time is an important parameter in the adsorp-
tion of heavy metals for the different wastewater treatments.
The adsorption of Pb* has been investigated on UNES as
a function of time in the range of 1-150 min. Based on the
literature survey on the removal of heavy metals using nat-
ural adsorbents, it is decided to use these parameters [27].
The efficiency initially increased rapidly and the equilibrium
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was attained in 15 min at efficiency of 97% (97 mg/g).
The maximum Pb* yield which were found 97.35%
(97.35 mg/g) at contact time of 10 min for UNES (Fig. 2).

There are many different studies in the literature provid-
ing findings for the optimum contact times [13,24]. Optimum
contact time could vary according to the type of adsorbent
used in the operation, the heavy metal scrap that is removed,
and other operating conditions. After the effect of contact
time on adsorption was investigated, the effects of other
parameters could be obtained based on the optimum con-
tact time [28]. Heraldy et al. [16] use tomato waste and apple
juice residue as a natural adsorbent in the removal of Pb(II)
ion. In this study, the effect of contact time is investigated
between 0 and 90 min, 15 min are selected as the optimum
contact time. Using Anadara inaequivalvis shells, Bozbas and
Boz [29], states that the optimum contact time for reaching
the maximum removal efficiency for Pb(II) and Cu(Il) are
7 and 10 min, respectively. In Boeykens et al. [11], 79%,
29%, 83%, 58%, 89%, and 65% Pb yields were observed for
the adsorption of 60 mg/L Pb concentration in the aqueous
solution after optimum contact time (60 min), in the differ-
ent agro-industrial wastes (peanut shell, sugarcane bagasse,
avocado peel, pecan nutshell, wheat bran, and banana peel),
respectively.

3.2. Effect of pH on Pb**

pH plays a major role in heavy metals adsorption as
it effects superficial load, metal ion speciation, complex-
ation, and binding sites of the adsorbent [30,31]. In fact,
pH is considered to be the most significant factor that con-
trols the adsorption of heavy metal ions [32,33]. The Pb*
removal efficiency of UNES at different pH values is shown
in Fig. 3. Values of pH > 6 have not been studied, since it
precipitated as Pb(OH),, being the process of entrapment
actually a combination of adsorption and microprecipitation.
It was found that Pb* uptake by UNES was a function of
the initial solution pH. Fig. 3 shows that the maximum Pb*"
removal efficiencies that were found 94.43% (94.43 mg/g) at
pH 3.0 at 100 mg/L of initial concentration for UNES. Refs.
[18,34,35] also observed the same experimental results. The
optimum initial pH value for Pb* adsorption by UNES was
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determined to be 3.0. Massimi et al. [36] provided evidence
for an apparent increase in the different heavy metals remov-
als by 12 food waste materials from 22% to 99% when the
pH value increased from 2 to 5.5. Similarly, Han et al. [37]
indicated that using of biochar (CM100, CM400, and BB600)
was exactly associated with adsorption level for Pb* when
pH was increased from 1.5 to 5.0.

3.3. Effect of UNES amount

The adsorbent amount in aqueous solution is a momen-
tous parameter in the adsorption works because it makes
the capacity of an adsorbent for a given initial concentration
of the adsorbate [3]. Effect of UNES amounts on the elimi-
nation yields of Pb* are indicated in Fig. 4. It was observed
that the Pb* removal yield of the UNES was a function of
UNES amounts in the aquatic solution. The amount of Pb*
adsorbed increase from about 32.56% to 92.28% (92.28 mg/g)
with an increase in UNES amount from 0.1 to 2.5 g. The max-
imum adsorption efficiency of Pb* onto the UNES was found
to be 92.28% (92.28 mg/g) at the dose of 2.5 g/L UNES. It can
be explained as UNES amount increased, more and more
surface area available metal ions will be exposed to more
active sites for binding [38]. As compared with some low-
cost adsorbents in the previous literature, the organic waste
used in our study is of relatively higher adsorption capacity
and ranges within the most efficient and best adsorbent for
Pb*. Many investigators have tried out different adsorbents
to remove heavy toxic metals from wastewater efficiently.
Comparative study of removal of commonly occurring heavy
metals in wastewater by using different adsorbents has been
done. It has been concluded that Pb removal can be removed
efficiently by using different adsorbents with between 29%
and 99% removal efficiencies [39].

3.4. Proximate analysis and chemical composition of UNES

As presented in Table 1, the chemical composition of
the UNES shows that calcium oxide was the most abundant
component. Proximate analysis was conducted according to
ASTM D 5832-95, ASTM D 3172-89, and ASTM D 2867-95
standards [40-44].

3.5. SEM and FTIR analysis

The surface structure of UNES (empty) is found as a
porous structure using SEM. In the sample obtained after the
adsorption process, the pores are covered with heavy metals
and a flat surface structure was available (Figs. 5(a) and (b)).

Table 1
Proximate analysis and chemical composition of UNES adsorbent
[40-42]

Proximate analysis Wt.% Chemical composition =~ Wt.%

Moisture 05 C 21.1286
Ash 435 Na,O 0.1046
Crude fiber 3.0 MgO 0.9261
Protein 135 P,0, 0.4149
Carbohydrate 51.7 CaO 76.9922

EHT=2000K  pgg= 100K
IProbe= 50pA

EHT=200K gy 100K x
Ipe= St

Sigral A= SE1 i @ Sigal A= SEf Bym
& Wo=95mm ™ &/ Wo=90m

Fig. 5. SEM image of (a) UNES before adsorption and (b) UNES
after adsorption (1,000%).

The presence of functional groups on the surface of
UNES was confirmed using FTIR analysis. In addition,
FTIR analysis provides information on possible mecha-
nism(s) involved in metal ion adsorption. The FTIR spec-
tra analysis of ES (before and after sorption) of heavy metal
ions was conducted to investigate the vibration frequency
changes of the functional groups in the adsorbent. The
FTIR spectra represent a number of adsorption bonds that
identifies the type of chemical bonds (functional groups),
indicating the complex nature of the adsorbent as shown in
Figs. 6(a) and (b).

3.6. Adsorption isotherm and kinetic models

Isotherm factors for the adsorption of Pb? upon UNES
at 20°C are submitted in Table 2. The best suitable was
provided by Langmuir model as compared with the other
isotherms to detect the highest relation coefficient value of
0.99. Langmuir isotherm is proposing that the Pb* were
sucked onto the UNES in a monolayer. The highest mono-
layer adsorption value was determined to be 3.02 mg/g for
the UNES. The necessary characteristic of the Langmuir
isotherm can be used to estimate the affinity between the
adsorbent and adsorbate using isolation factor, “R,.” The
R, was specified as 0.04 for the concentration of 100 mg/L
Pb*, which showed that the adsorption of Pb* by UNES was
positive in the system. These results were in line with the
results of former works [44—46]. Tasar et al. [47] investigated
the equilibrium adsorption of Pb* onto peanut shell and
the adsorption model was well described with Langmuir.
Similarly, the adsorption of Pb*" onto walnut wood active
carbon was investigated and the isotherm data of Pb* were
correlated by the Langmuir [48]. Moreover, some research-
ers used organic wastes including data-modified walnut
shell [34], orange barks [49], banana shell [50], apple pulp
[6], peanut shell [51], and the watermelon shell [63] for the
removal of Pb*. The equilibrium data for all adsorbent were
well described by Langmuir.

In this study, various kinetic models including, pseu-
do-first (Psefo) and second-order (Pseso) kinetics were
applied to the experimental data in order to investigate the
mechanisms of UNES adsorption. Comparing the kinetic
values, it can be finalized that the Peso model supplied the
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Fig. 6. The FTIR spectra of (a) UNES before adsorption and
(b) UNES after adsorption.

best correlation parameter. The major correlation factors
and the arrangement of calculating and experimental g, both
showed that the kinetics of Pb* over UNES monitored the
Pseso (Table 2). For this reason, the speed-limiter stage may

Table 2

be chemical adsorption through participation or exchange of
electrons between adsorbent and the adsorbate. Prior inves-
tigations of adsorption on Pb* with different natural wastes
adsorbents remarked that lead ions removal followed Pseso
[52-56]. The results of the present studies on Pb* are similar
to past investigations.

3.7. Comparison of Pb* removal with different adsorbents reported
in literature

Numerous literature reviews pertaining to the use of
different adsorbents for wastewater heavy metals removal
have been published over the last few decades. A list show-
ing the adsorption removal of different adsorbents for the
adsorption of lead from aqueous solutions is given in Table 3.
As it can be seen, the observed removal efficiencies of acorn
shell for Pb*" are comparable with other low-cost adsorbents.

4. Conclusions

This paper examines the removal of Pb* from water
solutions using UNES. Based on the experimental results
obtained using UNES, which is a low-cost waste material,
the optimum removal efficiencies in the metal input con-
centration of 100 mg/L are between pH 3.0 and pH 4.0. The
adsorption of Pb* rapidly occurs in 15 min and remained
stable at later times. The maximum adsorption efficiencies
by the UNES is obtained between 92% and 98% for Pb* ions
under the optimum conditions (Pb*, . = 100 mg/L, UNES
amount = 2.5 g/100 mL, contact time = 10 min, pH = 3.0, stir-
ring speed = 250 rpm, T = 25°C). Experimental data are con-
sistent with very high correlation coefficient for Langmuir
isotherm. The speed of the adsorption processes is explained
by the Pseso kinetic model, which is more compatible with
the other kinetic models. The results show that UNES is an
environment-friendly adsorbent in the removal of Pb+2 from
the water environment.

Best-fit parameters for kinetics and isotherm of Pb*" adsorption onto the UNES

Models Equations Factor 1 Factor 2 Factor 3 R?
K,C
Langmuir go=dCe g1 q,=3.02 K, =2.69 R, =0.04 0.99
1+K,C, 1+K,C, "
Freundlich q,=K.4lc, K, =447 n=931 - 0.91
D-R Ing, =Ing,__ —B&’ £2=49.77 - - 0.58
Psefo ln(qe —q,) =Ing, —k, xt k, =0.05 q,=1.52 0.42
t 1 1
Pseso — — k,=0.11 q,=1.66 — 0.99

=+
q, kxq q,

k, (min™) and k, (g/mg/min) are the pseudo-first-order and pseudo-second-order apparent adsorption rate constants; g, indicates the mono-
layer adsorption capacity of adsorbate (mg/g); K| is the Langmuir constant related to the energy of adsorption (L/mg); C, is the equilibrium
solution concentration (mg/L); K, is the Freundlich constant related to the sorption capacity of adsorbent (L/mg); 8 is the desorption constant
(mol?/J?); R, (dimensionless) is the separation factor for Langmuir model; D-R: Dubinin-Radushkevich model. g, depicts the amount of Cd*

adsorbed per unit weight of adsorbed at equilibrium (mg/g); g

max

is the maximum biosorption capacity of D-R (mg/g); g, and g, are amounts

of adsorbed ions at equilibrium and at time ¢, respectively (mg/g) for pseudo-first-order adsorption; ¢ is the Polanyi potential for D-R; and #

is the adsorption intensity for Freundlich isotherm.
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Table 3

Comparison of adsorption removal of various adsorbents for Pb*

Adsorbent Removal (%) pH Adsorbent amount (g) Pb*" (mg/L) References
Almond shell 68 6-7 0.5 200 [57]
Antep pistachio 90 5.5 1.0 30 [58]
Groundnut shell 82.81 4.9 1.0 - [59]
Hazelnut shell 90 6-7 0.5 200 [57]
Palm shell - 3-5 - 10-700 [60]
Pecan shell - 5.5 4 100 [61]
Pistachio shell 83 6-9 0.1 30 [62]
Walnut shell 95 4 10 100 [35]
Tomato waste 97 4.0 1.0 20 [16]
Walnut shell 92 4.0 8 20 [34]
Watermelon 98.8 4.21 0.5 100 [63]
Olive stone 88 5.0 10 150 [56]
Active carbon 80 4.0 0.1 50 [48]
Biochar 98 6.5 2 100 [64]

UNES 95 3.0 25 100 This study
References walnut shell: kinetics, thermodynamics parameters, isotherms,
. . Int. J. Environ. Sci. Technol., 12 (2015) 1401-1408.
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