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ABSTRACT

The purpose of this work was to study the feasibility of removing Pb(II) ions from aqueous
solutions using specific type of date stones, Degla Beida (DB), using batch adsorption tech-
nique. The characterization by FT-IR analysis before and after the treatment process, during
this study, has shown the presence of different functional groups. scanning electron micro-
scope was used to analyze the surface change of the DB stone before and after alkali treat-
ment. Batch experiments were conducted in order to measure the effects of different
parameters on adsorption of Pb(II) ions, such as pH, contact time, amount of adsorbent,
and ionic strength (CaCl2). The equilibrium adsorption data were interpreted using the
Langmuir and Freundlich models, which shown that the Langmuir isotherm model fits the
best with the highest determination coefficient R2 value. The kinetic studies shown that the
adsorption of the Pb(II) ions onto raw and alkali-treated DB stones correspond to a pseudo-
second-order kinetic model.
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1. Introduction

Physical and chemical properties of lead such as
softness, malleability, poor conductibility, and resis-
tance to corrosion stimulate a lot of interest in many
disciplines since a long time. This is due to the fact
that these properties are suitable for a great variety of

applications such as the storage capacity of batteries,
military industry, water pipes, pigments and printing
of books, manufacture of pesticides, precious metal
recovery from cyanide, protective and antifouling
paint, gasoline additives, and electronics industry
[1,2]. Lead is a non-biodegradable and non-essential
element. It is also one of the most ubiquitous pollu-
tants and the second hazardous substance in terms of
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concentration. Numerous epidemiological studies have
reported that the use and the distribution of lead and
Pb-containing compounds in the environment are
extremely dangerous to living organisms by ingestion
or inhalation. This use can result in various and con-
siderable consequences on human health such as chro-
mosomal damage and risk of cancer, anemia, damages
in the nervous system, enzyme inhabitation, genera-
tion of free hydrogen peroxide, impairment of learn-
ing and memory. Actually, deposited lead in bones
can remain for years [3,4]. Therefore, lead has to be
removed from wastewater to avoid this negative
impact on the environment. Different physicochemical
processes can be used for heavy metal removal, such
as chemical precipitation, coagulation, flotation, ion
exchange, filtration, electrochemical treatment, mem-
brane filtration, reverse osmosis, and solvent extrac-
tion. However, these methods are much less efficient
for concentrations below about 100 ppm [5,6,7].

Activated carbon is the most used adsorbent for
wastewaters containing heavy metals. This is due to
its high specific surface area. However, activated car-
bon is an expensive material because of the chemical
and physical treatments used for its synthesis [8,9].
Therefore, various researches have investigated alter-
native adsorbents that might have a better efficiency
on heavy metal ions and toxic organics, especially if
the adsorbent is an inexpensive or zero price is avail-
able and can be used in place of activated carbon,
such as raw agricultural solid waste including peach
stones, olive stones, apricot stones, date stones, orange
peel, almond shells, and rice husk [10–13]. According
to FAO data of year 2003, Algeria is one of the largest
date producers in the world with a yearly production
of 492,000 tones. From this production, about 140,000
tones date stones are annually obtained. The stone is
not a consumable part of date and is usually
discarded as waste. On the other hand, there are few
studies in the literature about the removal of
non-biodegradable pollutants from wastewater using
date stones.

The purpose of the present work was to validate
the valorization of the Degla Beida (DB) stones as
biosorbent for lead ions.

The ability of a biosorbent to accumulate a given
pollutant is controlled by the physical and chemical
properties of the biosorbent and of the adsorbing spe-
cies, together with the operating conditions of the
sorption process. Hence, the physical and chemical
characteristics of raw (DB) and of the chemically trea-
ted with sodium hydroxide (NDB) DB stones were
first investigated.

Batch biosorption tests were then performed under
varying operating conditions to optimize the biosorp-

tion efficiency of DB stone (pH, contact time, amount
of adsorbent, and ionic strength (CaCl2)). Finally, the
sorption data were compared with standard and equi-
librium models to clarify the mechanisms that control
lead ion biosorption.

2. Materials and methods

2.1. Adsorbent preparation

DB stone was obtained from Biskra region (south-
east of Algeria). Prior to use, the DB stones were
intensively washed with tap water to remove the sol-
uble impurities from its surface and then naturally
dried in sunlight. The samples were then crushed
using a grinder crusher and washed with distilled
water repeatedly until pH of the filtrate became
steady. The sample was filtrated and dried in an oven
at 60˚C for 24 h. Treated Degla Beida (NDB) was pre-
pared by mixing the raw DB in 0.05 M sodium
hydroxide NaOH solution for 4 h. The samples were
then washed thoroughly with distilled water to
remove the free sodium hydroxide. Then, the samples
were filtrated and dried in oven at 60˚C for 24 h.
Finally, the DB and NDB were sieved in order to
obtain a particle size between 315 and 500 μm.
Thereafter, the adsorbents were stored in a desiccator
for further experimental use.

2.2. Adsorbent characterization

Chemical properties of DB and NDB samples were
characterized using Fourier-transform infrared (FTIR)
spectroscopy (Perkin Elmer FT-IR-Spectrometer 2000)
from the scanning range of 500–4,000 cm−1.

The amount of Al, Si, Ca, K, Na, Mg, Fe, and Mn,
contained in DB and NDB (mg per kg adsorbent
mass), was determined after acid digestion. About
0.500 g of each adsorbent DB and NDB was placed in
Savillex Teflon bottles and digested using (3:2 HNO3/
HCl) at 200˚C on a hot plate. After cooling, centrifug-
ing, and filtering, the digested samples were diluted
to 50 mL with distillated water. The digestion experi-
ment was repeated five times for each adsorbent. The
concentration of Al, Si, Ca, K, Na, Mg, Fe, and Mn
was determined by an inductively coupled plasma
optical emission spectrometer (ICP-OES) Optima 7,300
DV. The PlasmaCAL multi-element standard solutions
in 5% nitric acid were used to prepare appropriate
elemental calibration standards.

Surface morphologies of DB and NDB were charac-
terized by scanning electron microscope (SEM) at an
accelerating voltage of 1.0 kV, a magnification of 300×,
and a working distance of 15.3 mm.
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2.3. Experimental

The stock solution of Pb(II) ions with a concentra-
tion of 1,000 mg L−1 was prepared by dissolving a
quantity of 1.5985 g of Pb(NO3)2 (99.99%) (Alfa Aesar)
in distilled water. All batch experiments were carried
out by mixing 0.25 g of dried samples of untreated or
treated adsorbent with 50 mL of aqueous solution of
Pb(NO3)2. The effect of pH on Pb(II) ions adsorption
was studied in the pH range between 2.0 and 8.0 at
25˚C. The pH was measured using a Consort C561-
type pH-meter and was adjusted by adding micro-
volumes of either 0.1 M NaOH or 0.1 M HCl. Further,
the effect of the amount of adsorbent on the Pb(II)
ions adsorption was studied for different initial
adsorbent mass from 0.05 to 0.5 g, at a pH value of
4.7 and at a temperature of 25˚C. The effect of ionic
strength (CaCl2) on the Pb(II) ions adsorption was
analyzed at concentrations equal to 0.01, 0.05, and
0.10 mol L−1, with an initial concentration of Pb(II)
ions equal to 100 mg L−1. Finally, the lead adsorption
isotherms were conducted by shaking for 24 h and
using different initial concentrations of Pb(II) ions
between 50 and 500 mg L−1 at a pH of 4.7. The flasks
were rotated at 50 rpm using Labinco test-tube rota-
tor. The concentration of Pb(II) ions in the solution
was determined by an ICP-OES Optima 7300 DV at
220.353 nm.

The amount of Pb(II) ions adsorbed at equilibrium
qe (mg g−1) was calculated using the following
expression:

qe ¼ ðC0 � CeÞ
m

� V (1)

where C0 and Ce are the liquid-phase concentrations
of Pb(II) ions (mg L−1) at initial and equilibrium,
respectively. V is the volume of the solution (L), and
m is the mass of adsorbent used (g). The percentage
of lead ions adsorbed was evaluated as follows:

Removalð%Þ ¼ C0 � Ceð Þ
C0

� 100 (2)

3. Results and discussion

3.1. Adsorbent characterization

3.1.1. FT-IR spectroscopy

The FT-IR spectra of the DB and NDB before and
after alkali treatment are shown in Fig. 1. The intense
absorption bands of DB at 3425.3 cm−1 indicate the

presence of hydroxyl groups O–H and N–H. The
peak at 2925.8 cm−1 corresponds to the C–H stretch-
ing vibration which indicates the presence of alkane
functional groups. The peak at 2854.5 cm−1 is
assigned to aliphatic C–H stretching in CH3. The
peak at 1747.4 cm−1 corresponds to the C=O stretch-
ing and can be attributed to the hemicelluloses and
lignin. The strong absorption band at 1384.8 cm−1

indicates the asymmetrical bending vibration of CH3

and CH2. The peak at 1037.6 cm−1 can be assigned to
the C–O stretching vibration of carboxylic acid and
alcohols. On the other hand, from the FT-IR spec-
trum of NDB, the disappearance of the peaks at
2925.8, 2854.5, 1747.4, and 1037.6 cm−1 after alkali
treatment proves that lignin was removed during the
alkali treatment [14,15]. The appearance of several
new bands at 3755.1, 3676.1, 3652.9, and 3433.1 cm−1

can be explained by the presence of hydroxyl groups
O–H in NDB.

3.1.2. Elemental composition

The elemental composition of DB and NDB
obtained from acid digestion is shown in Table 1. The
predominant elements in the DB samples are calcium
(Ca) and magnesium (Mg). In the NDB samples, the
sodium (Na) and the calcium (Ca) constituted the
largest elemental composition.

Fig. 1. FTIR spectra of DB (a) and NDB (b).
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3.1.3. Scanning electron microscope

The microstructures of the DB and NDB were
observed by SEM. They are shown in Fig. 2. As it can
be seen, there is difference between the surface mor-
phology of the samples. The treated adsorbent NDB
has a rough surface with pores compared to the
untreated adsorbent DB. This difference could be
related to the removing of lignin during the treatment
with sodium hydroxide.

3.2. Effect of adsorbent dose on Pb removal

The amount of used adsorbent plays an important
role in adsorption process [16]. The effect of this
parameter on the percentage and adsorption capacity
of Pb(II) ions removal is illustrated in Fig. 3. It can be
seen that for an increase in adsorbent dose from 1 to
10 g L−1, the percentage of Pb(II) ions removal
increases from 13.67 to 82.94% and from 30.03 to
97.52% for the DB and the NDB, respectively. This
effect can be due to increase in adsorbent surface area
and availability of more adsorption active sites which
both stimulate more Pb(II) ions attached to their sur-
faces [17–19]. However, the amount of metal ions per
mass unit of the adsorbent decreased from 13.67 to

8.29 mg g−1 and from 30.03 to 9.75 mg g−1 for the DB
and NDB, respectively, at a constant values of Pb(II)
ions concentration and volume. This may be due to
the overlapping and aggregation of binding sites.
Some of the binding sites could also remain unsatu-
rated during the adsorption process when adsorbent
amount increased [20,21].

3.3. Effect of contact time on Pb adsorption

In order to study the change in lead ions adsorp-
tion with time, the adsorption of the lead ions onto
DB and NDB was measured as a function of contact
time. As shown in Fig. 4, it can be clearly seen that
the amount of lead ions adsorbed, using both adsor-
bents, increases with increasing contact time.

Fig. 4 shows also three important phases in the
adsorption process. In the first phase, during the first
20 min, the adsorption rate of Pb(II) ions for both
adsorbents is rapid. Actually, about 33.41 and 90.11%
of the removal was achieved using the raw adsorbent
and the treated adsorbent, respectively. In the second
phase, the adsorption begins to slow and there is no
significant increase. In the third phase, the equilibrium
is reached after around 90 min for both DB and NDB,

Table 1
Elemental composition of DB and NDB obtained from acid digestion

Element (mg kg−1)

Adsorbent Al Si Ca K Na Mg Fe Mn

DB 12.73 ± 0.15 14.22 ± 0.22 268.31 ± 0.17 37.11 ± 1.12 41.03 ± 0.33 85.53 ± 1.02 27.72 ± 0.62 ND
NDB 10.02 ± 1.32 10.18 ± 0.62 147.08 ± 0.53 13.26 ± 1.38 423.42 ± 1.66 29.84 ± 0.18 09.31 ± 0.10 ND

Note: ND = Not detected.

Fig. 2. SEM micrographs of DB (a) and NDB (b).
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and didn’t show any particular change after this time.
The NaOH treatment of DB stone enhanced the
adsorption capacity, and a large amount of lead ions
was removed in the first 20 min. This can be explained
by the basis treatment performed by NaOH which
improved the date stones surface with negative
charge, increasing the electrostatic attraction between
the cationic metal Pb(II) and the adsorbent NDB.

3.4. Effect of pH on Pb adsorption

The pH of the aqueous solution plays a major role
in the adsorptive removal of heavy metals from aque-
ous solution. It can actually change the surface charge
of an adsorbent and can also change the metal specia-
tion [22,23]. Fig. 5 shows the effect of pH on the lead
ions adsorption by DB, NDB with and without

adsorbent (blank solutions of 100 mg L−1). It is shown
that the increase in the solution pH from 2 to 6 has a
consequence enhancement of the adsorption capacity
from 4.59 to 19.50 mg g−1 (corresponding to the
removal percentages of 22.98–97.52%) for DB and from
5.59 to 19.21 mg g−1 (corresponding to the removal
percentages of 27.98–96.08%) for NDB. At lower pH
values, the low adsorption is due to the electrostatic
repulsion and to the presence of excess of protons H+

ions competing with Pb2+ cations for the exchange
sites on the DB and NDB, which reduces the adsorbed
amounts of lead ions. An increase pH shows an
increase in adsorption up to 6, when the surface of DB
and NDB becomes more negatively charged, resulting
to the deprotonation of positively charged groups on

Fig. 3. Effect of adsorbent dose of DB (a) and NDB (b) on
lead (II) removal.

Fig. 4. Effect of contact time on amount of lead adsorbed
on DB and NDB.

Fig. 5. Effect of pH on removal of lead from aqueous
solution by DB and NDB.
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the adsorbent surface. This deprotonation enhances
electrostatic attraction between positively charged sor-
bate species [Pb2+ and Pb(OH)+] and negative surface

sites, increasing adsorption of lead on DB and NDB.
At higher pH (pH > 6), the decrease in Pb2+ concentra-
tion in solution should be related to adsorption and
precipitation (formation of Pb(OH)2).

3.5. Effect of ionic strength on Pb(II) removal

Wastewaters contain various types of monovalent
or divalent salt such as Na+, K+, Mg2+, and Ca2+. The
presence of those cations in solution may enhance or
adverse the performance of the adsorption process
[24]. The influence of electrolyte concentration on the
adsorption ability of the DB and NDB for lead (II) ions
has been analyzed using CaCl2 solutions with concen-
trations range from 0.0 to 0.1 mol L−1. As shown in
Fig. 6, it can be seen that, for an increase in divalent
electrolyte concentration from 0.0 to 0.1 mol L−1, the
adsorption capacity of lead (II) ions decreased from
11.94 to 10.01 mg g−1 for DB and from 18.23 to
13.46 mg g−1 for NDB. This behavior can be explained
assuming that the increase of the electrolyte concentra-
tion screens the electrostatic interaction of the opposite

Fig. 6. Effect of ionic strength on adsorption.

Fig. 7. Kinetic models of Pb(II) ions adsorption onto DB and NDB using (a) Pseudo-first-order model, (b) Pseudo-second-
order model, and (c) Intraparticle diffusion.
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charges on the adsorbent surface of the DB and NDB,
causing a reduction in lead (II) ions adsorption.

3.6. Adsorption kinetics

Several kinetic models are used to provide valu-
able information on the mechanism that controls the
adsorption process. Three different kinetic models,
pseudo-first order, pseudo-second order, and intra-
particle diffusion, were used to interpret the obtained
experimental data [26,27]. The pseudo-first-order
equation is represented by the following linear
equation:

lnðqe � qtÞ ¼ ln qe � K1t (3)

where k1 (min−1) is the rate constant of pseudo-first-
order adsorption, qt is the amount of lead ions
adsorbed at time t (min), and qe (mg g−1) is the
amount of lead ions adsorbed at equilibrium per unit
weight of adsorbent. The slope and intercept of the
plots of ln (qe – qt) vs. t was used to determine the
first-order rate constant k1 and qe.

The pseudo-second-order is expressed by the
following linear equation [25]:

t

qt
¼ 1

K2q2e
þ 1

qe
t (4)

where qt and qe (mg g−1) are the amounts of lead ions
adsorbed at equilibrium per weight unit of adsorbent,
respectively, k2 (g mg−1 min−1) is the pseudo-second-
order rate constant.

The slope and intercept of the plot of t/qe vs. t was
used to determine the second-order rate constant k2
and qe.

The intraparticle diffusion model can be used to
find the region where intraparticle diffusion is

Table 2
Kinetic model parameters for adsorption of lead(II) onto DB and NDB

Pseudo-first-order model Pseudo-second-order model

Adsorbent
C0

(mg L−1)
qexp
(mg g−1) qe,cal (mg g−1) k1 (min−1) R2 qe,cal (mg g−1) k2 (g mg−1 min−1) R2

DB 100 08.02 02.98 0.026 0.747 07.42 0.175 0.998
NDB 100 19.08 04.86 0.172 0.832 19.49 0.025 0.999

Intraparticle diffusion model
Adsorbent C0 (mg L−1) Kid1

(mg g−1 min−1/2)
C1 (mg g−1) R2 Kid2

(mg g−1 min−1/2)
C2 (mg g−1) R2

DB 100 1.241 1.666 0.995 0.225 5.554 0.952
NDB 100 1.862 9.571 0.908 0.122 17.68 0.949

Fig. 8. Adsorption isotherm models for Pb(II) ions
adsorption onto DB and NDB using: (a) Langmuir and
(b) Freundlich.
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rate-limited and also to determine intraparticle diffu-
sion. In this model, the rate of intraparticle diffusion is
function of t1/2 and can be expressed as follows [26]:

qt ¼ Kidt
1=2 þ C (5)

where qt (mg g−1) is the amount adsorbed at time t
(min), Kid is the intraparticle diffusion rate constant
(mg g−1 min−1/2), and C (milligram per gram) is the
intercept which relates to the thickness of the bound-
ary layer thickness. The slope Kid and intercept C were
obtained by the plot of qt vs. t

1/2.
Figs. 7(a)–(c) shows the comparison of pseudo-

first-order model, pseudo-second-order model, and

intraparticle diffusion, respectively, for Pb(II) ions
adsorption onto DB and NDB. The values of kinetic
parameters of all the kinetic models are included in
Table 2. The results show that the pseudo-second-
order model is the best in describing the kinetics of Pb
(II) ions adsorbed onto DB and NDB compared to the
pseudo-first-order model. The determination coeffi-
cients R2 were found to be higher than 0.99 for DB
and NDB. From the results, it is also seen that the val-
ues of (qe,cal) calculated from the pseudo-second-order
model were nearest to the experimental values (qe,exp),
indicating the applicability of this model to the
adsorption of Pb(II) ions. This is based on the assump-
tion that the rate limiting step may be chemisorption
involving valence forces through sharing or exchange

Table 3
Equilibrium model parameters for adsorption of lead(II) onto DB and NDB

Adsorbent

Langmuir isotherm Freundlich isotherm

qmax (mg g−1) KL (L mg−1) R2 KF (L g−1) 1/n R2

DB 35.71 0.052 0.997 07.30 0.278 0.827
NDB 47.61 0.133 0.994 14.23 0.234 0.792

Table 4
Comparison of the maximal adsorption capacities Pb(II) ions obtained from various adsorbents

Adsorbent Lead(II) Refs.

Banana peel 02.18 Anwar and al. [33]
AAm/SMA 68.90 Krušić and al. [34]
Apricot stone activated carbon 21.38 Mouni and al. [35]
Al-MCM-41 14.50 Sepehrian and al. [36]
Bentonite 20.00 Naseem and Tahir [37]
Crab shell 19.83 Dahiya and al. [38]
Fly ash 15.08 Cho and al. [39]
Hazelnut shell 28.18 Pehlivan and al. [40]
Activated carbon of melocana 10.66 Lalhruaitluanga and al. [41]
Palm kernel fiber 32.50 Ho [27]
Tourmaline 20.83 He and al. [42]
Mansonia wood sawdust 51.81 Ofomaja [43]
Treated sawdust 52.38 Meena and al. [45]
Red mud 88.20 Gupta and al. [45]
Activated carbon of coconut shell (GCN1240) 92.39 Caccin and al. [46]
Activated carbon of coconut shell (GCN816G) 32.08 Caccin and al. [46]
Activated carbon of Sea-buckthorn
Stones with H3PO4 51.81 Mohammadi and al. [47]
Activated carbon of Sea-buckthorn
Stones with ZnCl2 25.91 Mohammadi and al. [47]
Activated carbon of Amygdalus Scoparia shell with H3PO4 36.63 Mohammadi and al. [48]
Activated carbon of Amygdalus Scoparia shell with ZnCl2 28.74 Mohammadi and al. [48]
Activated carbon Glycyrrhiza glabra residue with ZnCl2 200 Mohammadi and al. [49]
Degla beida stone 35.71 Present study
Treated Degla beida stone 47.61 Present study
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of electrons between adsorbent and adsorbate [27,28].
The Fig. 7(c) presents a multi-linearity relation where
none of the lines passed through the origin, indicating
that more than one process affects the Pb(II) ions
adsorption [29].

3.7. Adsorption isotherms

Adsorption isotherm was used to obtain informa-
tion about the mechanism and the interaction between
the adsorbent and the adsorbate at a given tempera-
ture. The equilibrium adsorption experiments were
analyzed by fitting them to Langmuir and Freundlich
isotherm models. The linear form of the Langmuir
(Eq. (6)) and Freundlich (Eq. (7)) isotherm equation is
given as [30,31]:

Ce

qe
¼ 1

qmKL
þ 1

qm
Ce (6)

ln qe ¼ ln KF þ 1

n
ln Ce (7)

where Ce (mg L−1) is the equilibrium concentration of
the adsorbate lead ions, qe (mg g−1) correspond to the
amount of adsorbate adsorbed at equilibrium per unit
mass of adsorbent, and qm (mg g−1) and KL are Lang-
muir constant related to adsorption capacity and rate
of adsorption, respectively. qm and KL are determined
from the slope and the intercept of the plot of Ce/qe
vs. Ce. KF and n are Freundlich constants, which corre-
spond to the binding capacity and affinity between
the sorbent and sorbate, respectively. The intercept
and the slope are obtained from the slope of the linear
plot of ln qe against ln Ce. They provide the value of
KF and 1/n. The characteristics of the Langmuir iso-
therm can be described by a distribution factor,
defined as following [32]:

RL ¼ 1

1þ KLC0
(8)

where RL is the dimensionless equilibrium parameter
and C0 is the initial adsorbate concentration. The value
of RL indicates the type of isotherm. It can be either
favorable when (0 < RL < 1), unfavorable (RL > 1), lin-
ear (RL = 1), or irreversible (RL = 0).

Fig. 8 shows a comparison between the linearized
Langmuir and Freundlich isotherm models for lead
(II) adsorption onto DB and NDB. According to the
Table 3, the maximum adsorption capacity was 35.71
and 47.61 mg g−1 for the DB and NDB, respectively.
Both adsorbents DB and NDB had better applicability

for Langmuir isotherm model than Freundlich iso-
therm model, which confirms the monolayer adsorp-
tion and proves a surface homogeneity of the
adsorbent. In addition to that, the values of RL

between 0 and 1 indicate favorable adsorption on DB
and NDB. For comparison, the values of adsorption
capacity of other adsorbents, taken from literature, are
given in Table 4 for comparison.

4. Conclusion

This study concludes that untreated DB stone DB
can be used for the removal of Pb(II) ions from water.
Chemically pretreated DB stone NDB showed a better
adsorption capacity than untreated DB from aqueous
solutions, with an increase from 35.71 to 47.61 mg g−1.
Batch experiments showed that equilibrium data fol-
low Langmuir isotherm. The rate of adsorption was
found to be conformed to pseudo-second-order equa-
tion. The application of intra-particle diffusion model
demonstrates that the adsorption onto DB and NDB
followed multiple adsorption steps.

The obtained results indicate that DB and NDB
can easily be used for the removal of Pb(II) ions from
aqueous solution and this would be economically
more viable, compared to other conventional
treatments.
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