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ABSTRACT

The Pb(I) adsorption capacity of carbon derived from Citrus limettioides peel (CLPC), which
is a novel waste material, was evaluated regarding the contact time, pH and adsorbent dose
during batch adsorption processes with raw C. limettioides peel (CLP). The optimal contact
time for the adsorption of Pb(Il) ions onto the peel and peel carbon was 3 h, and the opti-
mal pH ranged from 4.0 to 5.0 for CLP and 4.0-6.0 for CLPC, respectively. The equilibrium
data fit well with Langmuir isotherm, indicating that the Pb(II) ions formed a homogenous
monolayer on the adsorbent surface. Maximum monolayer adsorption capacity of Pb(II)
ions on peel (CLP) and peel carbon (CLPC) was found to be 125.00 and 166.67 mgg ',
respectively. The kinetic studies showed that the adsorption data followed a pseudo-
second-order kinetic model. The surface morphology and functionality of the CLP and
CLPC were characterized using scanning electron microscopy, energy dispersive X-ray spec-
troscopy and FT-IR. Various thermodynamic parameters, including the standard Gibbs free
energy (AG°), standard enthalpy (AH®) and standard entropy (AS°), were evaluated. The
CLP and CLPC were tested with Pb(I) plating wastewater through a batch mode process

over five cycles; CLPC showed better results than CLP.
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1. Introduction

The presence of lead ions in the aquatic environ-
ment has been of great concern to scientists due to
their increased discharge, non-biodegradable, toxic
and other adverse effects on human being as well as
the fauna and flora [1]. The major industrial sources
of lead released into the environment are battery
manufacturing, acid metal plating and finishing,
ammunition, tetraethyl lead manufacturing, ceramic
and glass industries printing, painting, dying and

*Corresponding author.

other industries [2]. The permissible limit of lead in
drinking water and surface water intended for drink-
ing, as set by EU, USEPA and WHO are 0.010, 0.015
and 0.010 mg L™', respectively [3]. The presence of
excess lead in drinking water causes diseases such as
anaemia, encephalopathy, hepatitis and the nephritic
syndrome [4]. Many treatment methods have been
applied for the removal of lead from wastewaters,
such as precipitation, ion exchange, solvent extraction,
coagulation and reverse osmosis [5]. However, most
of these methods present several disadvantages like
chemical requirements, low efficiency, and usually
produce large amounts of sludge that can add other

1944-3994/1944-3986 © 2015 Balaban Desalination Publications. All rights reserved.


mailto:sudhar8680@gmail.com
mailto:srins52@gmail.com
http://dx.doi.org/10.1080/19443994.2015.1060163

R. Sudha and K. Srinivasan | Desalination and Water Treatment 57 (2016) 13690-13700

environmental problems. One alternate effective
process is the adsorption, which relies on the utiliza-
tion of solid adsorbents with no chemical degradation.
It is attractive due to its merits of effectiveness,
efficiency and sludge free [6]. Currently, activated
carbon is widely used as an adsorbent for removing
low lead concentrations and any organic matter in
waste streams. Activated carbon derived from various
agricultural wastes such as watermelon shell and
walnut shell [7], coconut shell [8], muskmelon peel [9],
pomegranate peel [10], orange peel [11], date stones
[12], apricot stone [13], tamarind nut [14] and gingelly
oil cake [15] have shown attracting experimental
results for lead(Il) removal.

Citrus limettioides is one of the low-cost nutritious
fruit variety consumed in rural areas of India and
belongs to Rutaceae family. Extracted acid from these
fruits is used as flavouring and preservative in food
and beverages, especially in soft drinks and the peels
are disposed off as waste materials. The C. limettioides
fruit is mainly composed of d-limonene, myrcene,
citronellal and B-citronellol [16]. In this work, it has
been reported that the results obtained on the prepara-
tion of activated carbon from Citrus limettioides peel
(CLPC) and compared with raw Citrus limettioides peel
(CLP) for the removal of Pb(II) from aqueous solution.
The influence of several operating parameters, such as
contact time, pH, point of zero charge (pHpzc) and
adsorbent dose was investigated in batch mode. The
kinetic data were fitted to different models and the
isotherm equilibrium data were fitted to Freundlich,
Langmuir and Dubinin—-Radushkevich.

2. Materials and methods
2.1. Preparation of adsorbent

The CLP was collected from a local juice manufac-
turing unit in Rasipuram (TK) and dried in the sun.
Subsequently, the material was washed with boiling,
deionized water five to six times for removing water
soluble, extractable organics and acids. The washed
material was dried in the sun for 2d and cut into
small pieces using a cutter machine. The dried raw
material was subsequently digested with sufficient
quantities of perchloric acid at between 300 and 350°C
to break down the fibres and then subsequently trea-
ted with concentrated sulphuric acid in a 1:2 ratio by
weight and kept at 160 = 5°C in an air-oven for 24 h.
The carbonized material was washed with distilled
water and soaked in 1% sodium bicarbonate for 24 h
to remove any free acid. The carbon material was
washed, dried and sieved to 20-50 ASTM mesh for
use in the experiments (CLPC). The characteristics of
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the carbon were determined according to ISI-877 [17]
and presented in Table 1. Raw peel (CLP) at the same
particle size was also evaluated along with carbon, for
Pb(I) removal.

2.2. Preparation of the Pb(1l) solutions

Stock aqueous solution of Pb(I) having concentra-
tion of 1,000 mg L™ was prepared by dissolving 1.59 g
of Pb(NOs3), in 1,000 mL of distilled water. Lead(II)
solutions of desired concentrations were prepared by
dilution of the stock solution. The pH of the solution
was adjusted to the required value using 0.1 N HCI or
0.1 N NaOH solutions.

2.3. Batch mode adsorption studies

Adsorption experiments were conducted in plastic
bottles of 300-mL capacity on a temperature-controlled
shaker. About 0.1 g of adsorbents (CLP and CLPC)
were added to 100 mL of Pb(Il) solutions of 10 mg L™"
concentration at a predetermined pH at 300 K and agi-
tated for a definite period of time. For optimization,
contact time was varied between 0.5 and 5 h, adsor-
bent dosage in the range of 0.05-0.5 g and pH between
2 and 12. Adsorption isotherms were conducted with
10-60 mg L' of Pb(I) solutions by adding 0.1g of
adsorbent/100 mL of solution and equilibrated for
24 h at different temperatures (300-320 K). In kinetic
studies, contact time was varied from 0.5 to 6 h by
adding 100 mg of adsorbent, for various Pb(II) concen-
trations over the range 3-10mgL™' at an optimum
pH and at 300K. The batch experiments were

Table 1

Characteristics of the carbon

Parameter CLPC
Bulk density (g mL™Y) 0.51
Moisture (%) 15.70
Ash (%) 7.70
Solubility in water (%) 1.74
Solubility in 0.25 M HCI (%) 14.90

pH 5.50

Decolorizing power (mg g™ ") 2.70
Phenol number 69.00
Ton-exchange capacity (m equiv g ') 0.47
Surface area (m® g ') 89.00
Iron (%) 0.01
Silica (%) -
Potassium (%) 0.08
Sodium (%) 1.18
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repeated for three times and the average results are
presented in this work.

At the end of agitation, the solutions were cen-
trifuged and the concentrations of Pb(Il) ions were
determined by an atomic absorption spectrophotome-
ter (Elico Model-SL 163). Lead(Il) removal (%) was
calculated using the following equation:

Removal (%) = %
0

x 100 09

The adsorption capacity of Pb(Il) ions adsorbed per
gram of adsorbent (mg g™!) was calculated by:

go= "Gy @
where Cy and C, are the initial and equilibrium Pb(I)
concentrations (mg L™"); V is the volume of the Pb(II)
solution (L); and M is the mass of the adsorbent used
(g), respectively.

3. Results and discussion
3.1. Fourier transform infrared spectroscopy analysis

Fourier transform infrared spectroscopy (FT-IR)
studies were carried out to identify the functional
groups on the surface of the adsorbent. The chemical
functional groups such as hydroxyl and carboxylic
acid groups in CLP, in addition to that sulphonic acid
groups in CLPC were identified as potential adsorp-
tion sites which are responsible for binding the metal
ions to the adsorbent. FT-IR spectrum of CLP and
CLPC is shown in Fig. 1(a) and (b). The strong absorp-
tion peaks at 3,444, 1,706 and 1,377 cm ! confirm the
presence of the hydroxyl, carboxylic and sulphonic
acid groups in the CLPC. The peak at 3,422 and
1,741 cm™" is attributed to the stretching vibrations of
hydroxyl and carboxylic acid groups in CLP.

3.2. Scanning electron microscopy—energy dispersive X-ray
spectroscopy analysis

The surface structure of CLP and CLPC was anal-
ysed using scanning electron microscopy (SEM) and is
shown in Fig. 2(a) and (b). This microscope shows an
irregular image and porous surface. On the basis of
this fact, it can be concluded that the CLP and CLPC
adsorbent has an adequate morphology for lead(Il) ion
adsorption. Energy dispersive X-ray spectroscopy
(EDX) pattern was used to confirm the adsorption of
Pb(Il) ions on the surface of the adsorbent such as
CLP and CLPC (Fig. 2(c) and (d)), respectively.
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Fig. 1. FT-IR spectrum of (a) CLP and (b) CLPC.

3.3. Effect of contact time

Fig. 3 shows that the removal of Pb(Il) ions
increased rapidly with time and attains equilibrium in
3 h for CLP and CLPC. The rate of removal is higher
in the beginning due to the large number of available
adsorption sites on the adsorbent for the removal of
Pb(I) ion. Under this condition, the uptake of Pb(II)
ion was found to be 85% for CLP and 99% for CLPC,
respectively. Hence, the optimum equilibrium was
taken as 3 h for subsequent experiments.

3.4. Effect of pH and point of zero charge (pH,..)

The pH of the solution has a significant impact on
the uptake of heavy metals, since it determines the
surface charge of the adsorbent, the degree of ioniza-
tion and the speciation of the adsorbate. Fig. 4(a)
shows that the metal removal increases with increase
in pH and attains a maximum removal of 99 and 85%
over a pH range 4.0-6.0 for CLPC and 4.0-5.0 for
CLP, respectively. The adsorption of Pb(Il) ions is very
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Fig. 2. (a) SEM image of CLP and (b) CLPC; (c) EDX patterns of CLP and (d) CLPC after Pb(II) adsorption.
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Fig. 3. Effect of contact time on Pb(II) adsorption (Cy:
10 mg LY pH: 5.0, adsorbent dose: 0.1 g/100 mL and
Temp: 300 K).

low at acidic pH values. This can be explained by the
fact that at low pH wvalues, electrostatic repulsion
forces act between H;O' and Pb** ions. As pH
increases, adsorption of Pb(Il) ions takes place on the
surface of the adsorbent replacing H;O". Above opti-
mum pH, Pb(l) starts precipitating as Pb(OH), and
hence causing a decrease in the adsorption yield. The
point of zero charge (pHp,.) was determined by the
solid addition method [18]. The pHp,. of CLP and
CLPC in distilled water is found to be 55 and 6
(Fig. 4(b)) showing that surface is positively charged
below pH 6 and at high pH value (above 6) Pb(II) spe-
cies mainly present as Pb(OH),.

The mechanism of Pb(II) removal may also be
explained based on ion-exchange model. A pure
carbon surface is considered to be non-polar, but in
actual practice, some carbon-oxygen complexes
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Fig. 4. (a) Effect of pH on the adsorption of Pb(Il) by CLP and CLPC and (b) effect of point of zero charge (pHp,c) on the

adsorption of Pb(Il) by CLP and CLPC.

(CxO, COx and CxO,) are usually present, which
render the surface slightly polar. The surface oxygen
complexes hydrolyse water molecules as shown
below.

CxO + 2H,0 — CxOH2" 4+ 20H"~

COx + xH,O — C(OH)x, + xOH "~

CxOs + H,O — CxO** +20H"~

Since the CLPC is prepared upon treatment with
H,50, followed by treatment with NaHCOj;, groups
such as CxONa®, CxONa3", CxSO;H and CxSOsNa
are also assumed to be present. Hence, it is expected
that Na” may be exchanged with Pb(Il) and soluble
complexes of Pb(Il) as follows:

2CxOH" + Pb*" — (CxO),Pb*" 4 2H*

CxOHZ" + Pb*" — CxOPb*" 4 2H"

2CxONa™ + Pb*" — (CxO),Pb*" +2Na*

CxONa3" + Pb*" — CxOPb*" + 2Na*

2CxSO;H + Pb** — (CxSO;3),Pb + 2H"

2CxSO;Na + Pb*" — (CxSO;),Pb + 2Na*

3.5. Effect of adsorbent dose

As depicted in Fig. 5, it was observed that the
percentage of lead removal increased as the
adsorbent dose is increased but after a certain value
(0.1 g/100 mL for CLPC and 0.3 g/100 mL for CLP),
the removal was found to be almost constant. It is
evident that 100 mL of Pb(I) solution containing
10 mg L™" of Pb(ID) ions, a minimum adsorbent dose
of 0.1 g CLPC is required for the maximum removal
of 9% and in the case of CLP, 0.3 g is required for
the removal of 94% only. The data clearly indicate that
CLPC is nearly three times more effective than CLP
and this may be due to moderate ion-exchange
capacity exhibited by CLPC as compared to CLP.
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Fig. 5. Effect of adsorbent dose on sorption of Pb(Il) by
CLP and CLPC (Cp: 10mg Lt pH: 50 and contact
time: 3 h).
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3.6. Adsorption isotherms

Adsorption isotherm is an important to describe
how solutes interact with adsorbent. In this study,
equilibrium data were analyzed using Freundlich,
Langmuir and Dubinin—-Radushkevich isotherms
expression at different temperatures (300-320 K).

The Freundlich [19] isotherm is derived by assum-
ing a heterogeneous surface with a non-uniform dis-
tribution of the heat of sorption. It can linearly be
expressed as follows:

logg. = log K¢ + (1/n) log C, 3)

where Kr (mgg™') and 1/n are the Freundlich
constants related to sorption capacity and intensity,
respectively. The values of 1/n less than 1 represent a
favourable adsorption. The Freundlich constants can
be obtained from the plot of log g, vs. log C..

The Langmuir [20] isotherm assumes that adsorp-
tion occurs at specific homogenous sites within the
adsorbent. The equation is given as:

Ce 1 1

qe QOb * QO CE (4)
where C, (mg L™") is the equilibrium concentration of
the adsorbate; g, (mg g") is the amount of adsorbate
per unit mass of adsorbent; b (L mg™") is the Lang-
muir adsorption constant; and Q, (mgg ') is the
amount of maximum adsorption. The Langmuir con-
stants can be obtained from the plot of C./g, vs. C.. To
determine whether the adsorption is favourable, a
dimensionless constant separation factor or equilib-
rium parameter R, is defined based on the following
equation [21]:

1
_1+bCQ

Ry ®)

Dubinin-Radushkevich [22] isotherm 1is generally
applied to express the adsorption mechanism with a
Gaussian energy distribution onto a heterogeneous
surface. The model has often successfully fitted high
solute activities and intermediate range of concentra-
tions data well.

9e = (4s) exp(—Kue?) ©)

Ing, = Ings — (Kye?) (7)
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where g, is the amount of adsorbate in the at equilib-
rium (mg g ™), g, is the theoretical isotherm saturation
capacity (mgg "), K, is the Dubinin-Radushkevich
isotherm constant (mol®k]™®) related to sorption
energy and ¢ is the Dubinin—-Radushkevich isotherm
constant. The approach was usually applied to distin-
guish the physical and chemical adsorption of metal
ions with its mean free energy, E per molecule of
adsorbate can be computed by the relationship [22]:

1

The Dubinin—-Radushkevich isotherm constants, theo-
retical isotherm capacity (g5) and sorption energy (K,4)
are calculated from the plot of In g, vs. &. The magni-
tude of E is used to determine the type of adsorption
mechanism. When one mole of ions is transferred to
the adsorbent surface, its value is less than 8 kJ mol !
which indicates the physical adsorption. If the value
of E is between 8 and 16 kJ mol !, it indicates the
adsorption process follows ion exchange and when its
value is in the range of 20-40 k] mol ™}, it indicates
chemisorptions [23].

The isotherm constants and correlation coefficients
(R?) are summarized in Table 2. From Table 2, the
CLP and CLPC at different temperatures fit well into
Langmuir model based on the R* value. This fact is
further supported by low chi-square values of Lang-
muir isotherm model. The R, values lying between 0
and 1 indicated that the conditions are favourable for
adsorption. It could be concluded that the homoge-
neous distribution of active sites on the adsorbent sys-
tem is predominant. The monolayer adsorption
capacity (Qo) is decreased with increasing tempera-
ture, indicating an exothermic process. According to
Langmuir isotherm, the adsorption capacity (Qop) of Pb
(II) ion was found to be 166.67 mgg ' for CLPC,
which was about 1.3 times greater than that of CLP
(125.00 mg g~') at 300 K, respectively. Based on Dubi-
nin—-Radushkevich model, the calculated E values
(Table 2) obtained in the present study are below
8k mol™!, which suggests that the adsorption of
lead(I) onto the CLP and CLPC surface is physical
adsorption type. The higher adsorption capacity of
lead(Il) on CLPC than CLP may be related to the
physical and chemical characterization of the
adsorbents. Based on carbon characteristics, an ion-ex-
change mechanism may also be predominantly operat-
ing in CLPC for the lead(Il) removal process.

The maximum adsorption capacity (Qo) of CLPC is
compared with those of other adsorbents reported in
the literature in Table 3. The high adsorption capacity
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Table 2
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Isotherm and thermodynamic parameters for Pb(II) removal from aqueous solutions

Temperature (K)

CLP CLPC

Isotherm models and
thermodynamics Parameters 300 K 310 K 320 K 300 K 310K 320K
Freundlich Kr (mg g™ 10.470 10.140 9.570 23.820 21.730 20.610

1/n 0.794 0.759 0.715 0.826 0.753 0.707

R? 0.993 0.990 0.985 0.997 0.993 0.989

Pa 1.76E-4 7.93E-5 1.14E-4 1.37E-5 2.24E-5 1.02E-5
Langmuir Qo (mg g™ 125.00 111.11 90.91 166.67 125.00 100.00

b (L mg") 0.090 0.091 0.100 0.034 0.034 0.035

R? 0.995 0.998 0.991 0.998 0.998 0.997

Pa 1.67E-7 4.77E-6 1.73E-6 8.43E-8 1.87E-7 2.10E-7

Ry 0.526-0.156 0.524-0.155 0.500-0.167 0.746-0.329 0.746-0.329 0.741-0.323
Dubinin-Radushkevich g, (mg g™") 41.060 40.130 38.780 48.470 46.110 44.790

kiq (mol* k] ) 46x107 47x107 48x107 70x10% 1.0x107 1.0x107

E (k] mol ™) 1.038 1.037 1.019 2.674 2.236 2.236

R? 0.888 0.887 0.890 0.920 0.916 0.905

e 9.80E-3 1.11E-2 1.20E-2 5.70E-3 8.20E-3 8.01E-3
Thermodynamic AG® (k] mol ™) —6.037 —5.963 —5.872 —4.326 —3.729 —3.333

AH* (k] mol ™) -8.510 -19.188

AS° (mol 'KY  —0.008 -0.050
of CLPC reveals that it should be a promising adsor-

AG® = —RTIn K )

bent for removing Pb(Il) from aqueous system.

3.7. Adsorption thermodynamics

The Gibbs free energy change of the adsorption
process is related to the equilibrium constant by the
classic Van’t Hoff equation:

Table 3
Monolayer adsorption capacities in the literature for Pb(I)
adsorption

AG*=—RT In K where K (L g”) is an equilibrium con-
stant obtained by multiplying the Langmuir constants
Qo and b [29]. T is the absolute temperature (K) and R
is the gas constant (8.314 ] mol ™' K™'). The relationship
between the changes in the Gibbs free energy, entropy
(AS°) and enthalpy (AH") can be expressed as follows:

AG® = AH® — TAS° (10)
AS® and AH"® can be calculated from the plot of AG® vs.

T. The calculated thermodynamic parameters are pre-
sented in Table 2. The negative value of AG* and AH"

Adsorbents Qo (mg g™ ") References indicates the spontaneous and exothermic nature of
Muskmelon peel 167.80 [9] the adsorption. The negative value of AS® suggests
Date stone 38.46 [12] that the process is enthalpy driven.

Apricot stone 21.38 [13]

Tamarind nut 21.88 [14] 3.8. Kinetics of adsorption

Gingelly oil cake 114.94 [15]

Palm shell 95.2 [24] In order to investigate the controlling mechanism
Coconut shell 40.12 [25] of adsorption processes, the pseudo-first-order and
Palm shell 82.46 [26] pseudo-second- order rate equations were applied to
Hazelnut husks 13.05 [27] analyze the kinetic adsorption data obtained at four
Tamarind wood 134.22 (28] different initial Pb(I) ion concentrations.

g:gc 1222(7) gi::ﬁ: ::Efg A pseudo-first-order equation of Lagergren [30] is

generally expressed as:
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Fig. 6. (a) Intraparticle diffusion model for the adsorption of Pb(II) onto CLP and (b) intraparticle diffusion model for the

adsorption of Pb(Il) onto CLPC.

through sharing of electrons or by covalent forces
through exchanging of electrons between adsorbent
and adsorbate.

3.9. Adsorption mechanism

To gain insight into the mechanisms and rate-con-
trolling steps affecting the kinetics of adsorption, the
intraparticle diffusion model has been described by
Weber and Morris [34] as:

g =kat'? +1 (15)

—a— CLP
—e— CLPC
100 -
s 1 —
= 80 -
—
E 601 e
= v
g 401
=
g
3 204
0 1 2 3 4

Adsorbent dose (g L)

Fig. 7. Effects of the adsorbent dose on the removal Pb(I)
ions from electroplating wastewater (Cy: 101 mg L7, pH:
5.0 and contact time: 3 h).

where k; is the intraparticle diffusion rate constant
(mg g ' min'/?), and I is the constant that gives an
idea about the boundary layer thickness (mgg™).
According to this model, if the plot of g; vs. ! /2 gives
a straight line, then the adsorption process is con-
trolled by intraparticle diffusion, while, if the data
exhibit multi-linear plots, then two or more steps
influence the adsorption process [35]. In the present
study, the plots present multi-linearity (Fig. 6(a) and
(b)), indicating that two steps occurred in the process.
At the first, sharper portion may be considered as an
external surface adsorption or faster adsorption stage.
The second portion describes the gradual adsorption
stage, where the intraparticle diffusion is rate con-
trolled. This indicated that the rate of metal removal is
higher in the beginning due to large surface area of
the adsorbent available for the adsorption of metal
ions. After the adsorbed material formed a thick layer,
the capacity of adsorbent got exhausted and the
uptake rate was controlled by the rate at which the
adsorbate is transported from the exterior to the inte-
rior sites of the adsorbent particles. None of the plots
passed through the origin (Fig. 6(a) and (b)), which
revealed that the intraparticle diffusion is part of the
adsorption but is not the only rate-controlling step.
Some other mechanisms such as ion exchange may be
also control the rate of adsorption.

4. Pb(II) removal from electroplating wastewater

Batch experiments with lead electroplating
wastewater have been carried out to elucidate the
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Table 5
Five cycles of Pb(II) adsorption—desorption with 0.7 N HCl as the desorbing agent

CLP CLPC

Cycles Pb(II) concentration (mg L™") Adsorption (%) Recovery (%) Adsorption (%) Recovery (%)
1 101 93.42 61.41 99.50 98.90
2 101 90.39 36.57 99.17 98.35
3 101 90.18 34.14 99.22 97.74
4 101 89.15 33.54 99.10 94.80
5 101 85.35 30.25 99.20 92.13

applicability of both sorbents under batch mode
operations. Fig. 7 shows the effect of the adsorbent
dose on the removal of Pb(Il) from electroplating
wastewater. When removing Pb(Il) from wastewater
containing 101 mg L™', the optimum CLP and CLPC
doses were 3 and 1 g reaching maximum removals of
87.42 and 99.50%, respectively. Therefore, CLPC is
more effective than CLP when treating lead plating
wastewater due to the moderate ion exchange
observed with CLPC compared to CLP.

4.1. Desorption and regeneration of the adsorbent

To determine the applicability of the adsorbent
over repeated uses, 0.7 N HCI was used to regenerate
the peel and carbon over five cycles of operation. The
results in Table 5 clearly show that CLPC can be used
repeatedly for five cycles of operations without affect-
ing its adsorption capacity for Pb(Il). However, the
recovery of Pb(Il) ions decreased in CLPC from 98.90
to 92.10% during the fifth cycle because the Pb(II) ions
were strongly bound to the new opening sites. In the
case of CLP, both the adsorption and desorption val-
ues decreased rapidly. These results showed that
CLPC has a greater potential for repeated use and
recovery of Pb(Il) ions. The attrition losses were also
calculated at the end of the fifth cycle. The CLPC
showed 3.0% losses on average, while CLP showed
5-6% losses at the end of the cycle during batch mode
operations.

5. Conclusion

CLP and its CLPC can be used to remove 85 and
99% of the Pb(l) from aqueous solutions. The pres-
ence of hydroxyl, carboxylic and sulphonic acid
groups in CLPC is confirmed by FT-IR spectroscopy,
imparting ion-exchange properties to the CLPC. The
equilibrium data agreed with the Langmuir isotherm,
and the adsorption capacity (Qp) of CLPC is 1.3 times
larger than that of CLP. The thermodynamic parame-

ters indicate that the adsorption process is sponta-
neous, feasible and exothermic. The kinetic studies
show that the experimental data can be well fitted by
pseudo-second-order rate equation. The experiments
with lead(Il) electroplating wastewater revealed that
CLPC is more effective than CLP. The CLPC was
tested for five adsorption and regeneration cycles for
the removal of Pb(Il) ions from wastewater, revealing
lesser tendency towards attrition when compared to
CLP. Therefore, the present studies reveal that the
CLPC is a very effective and inexpensive adsorbent
for removing Pb(II) from aqueous systems.
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