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ABSTRACT

In this work, a layered silicate magadiite-Na (Mag) is hydrothermally synthesized and
used to prepare organic thiourea-intercalated magadiite. It is organically modified by
N-(2-methoxyphenyl)-N´-(2-methylphenyl)-thiourea (TMMe) and N-(2-methoxyphenyl)-N´-
(2-methoxyphenyl)-thiourea (TMM) without preintercalation with a cationic surfactant.
These materials are characterized by X-ray diffraction, infrared spectroscopy, and scanning
electron microscopy. Due to the increment of basic centers attached to the pendant chains,
the metal adsorption capacities of the final chelating materials are found to be higher than
the precursor. The ability of these materials to remove Pb(II) from an aqueous solution is
followed by a series of adsorption isotherms at a temperature of 25˚C, pH 5 and pH 7.
The kinetic parameters analyzed by the Lagergren and Ho and Mc Kay models give a
good fit for a pseudo-second-order reaction for all systems. The adsorption isotherm data
follow the Langmuir equation where parameters are calculated. Mag/TMM has a better
lead(II) removal capacity (33.44 mg/g) at pH 5 than Mag/TMMe (19.9 mg/g) and Mag
(9.91 mg/g) at pH 7.

Keywords: Na-magadiite; Hydrothermal synthesis; Intercalation; Thiourea derivatives; Lead;
Adsorption

1. Introduction

Industrial activities produce liquid effluents con-
taining hazardous chemical species for human beings
and its direct environment. We can encounter heavy
metals among these species, well known for their high

toxicity and non-biodegradability. Heavy metals and
particularly lead(II) has the most damaging effect on
human health [1]. Acute lead(II) poisoning is a major
cause for severe kidneys, liver and brain dysfunction,
as it may affect the central nervous system [2,3].
Therefore, it is of major importance to control the con-
centration of heavy metals in industrial waste before
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its disposal in the environment [2] and to find a way
one can get rid of such waste.

Conventional technologies for the removal of
heavy metals from industrial waste involve ion
exchange, chemical precipitation, reverse osmosis,
solvent extraction, electrodialysis, and membrane
separation [3–10]. These methods are expensive as
they may have other weaknesses, such as incomplete
metal removal, limited tolerance to pH change,
moderate or non-metal selectivity, very high or low
working levels of metals and production of toxic
sludge or other waste products that also need disposal
[11]. On the contrary, adsorption is an effective and
economical method among the physicochemical
treatments [12,13]. Studies on low-cost materials as
potential adsorbents have included magadiite, zeolites,
chitosan, and agricultural wastes [14].

Magadiite is a part of hydrous layered silicates
family, which is also constituted by kenyaite, makatite,
and kanemite [15]. Magadiite was first found in the
deposits of lake Magadi in Kenya and described by
Eugster 1967 [16]. Magadiite is a layered silicate with
the ideal formula Na2Si14O29·nH2O [17] in which the
structure of this mineral is composed of one or multi-
ple negatively [15] charged sheets of SiO4 tetrahedral
where the negative charge is compensated by inter-
layer hydrated sodium ions [18]. The surface of
magadiite contains silanol group (Si-OH) and siloxide
group (Si–O−Na+). The interlayer space contains
sodium ions and water molecules. Na-magadiite can
also be prepared in a laboratory under hydrothermal
conditions [19]. It has some specific properties, such
as a high capacity for ion exchange compared with
smectites [20], interlamellar adsorption of water and
polar organic molecules [21], organosilane grafting
[18,22], and transformation into crystalline layered
silicic acids by proton exchange [15]. These specific
properties could promote its application as cation
exchanger or molecular sieves [18], adsorbents for
environmental pollutants [23,24] and supports for
catalyst [25].

The most important characteristics of lamellar
solids are the possibility to expand their interlayer
space. Indeed, the latter accommodate over a large
variety of organic molecules to form intercalated
host–guest compounds, for various applications.
For example, the intercalation of Na-magadiite with
shorter organic cations such as tetrapropylammonium
(TPA) is used as intermediate to prepare zeolite
materials [26].

The intercalation with longer organic cations such
as dodecyltrimethylammonium enhances the silylation
of the interlayer space of magadiite [22]. The resulting
compounds can be then used as precursors for

pillaring reactions and formation of polymer–
inorganic nanocomposites [27,28]. Recently, these
materials were successfully used to remove heavy
metals such as: uranyl(II) [23], arsenic(V) [24], and
uranyl(VI) [29,30]. Magadiite is used as an adsorbent
for dye removal from aqueous solutions [31]. In this
case, the adsorption is carried out by conventional ion
exchange processes [32,33].

In the present work, a synthetic Na-magadiite
material is organically modified with organic thiourea
derivatives. The materials obtained are characterized
by X-ray diffraction (XRD), scanning electron
microscopy (SEM) and infrared FTIR spectroscopy
and used in lead(II) adsorption which is carried out as
a function of pH and contact time. The Langmuir and
Freundlich adsorption isotherm models are applied in
order to fit the experimental data in linear regression.

2. Materials and methods

2.1. Materials and chemical

All chemicals and reagents used were of analytical
grade obtained from Sigma-Aldrich for colloidal silica
(Ludox HS40) and sodium hydroxide (NaOH),
Ridel-de Haën for lead nitrate (Pb(NO3)2), Biochem
Chemopharma for ethyl alcohol (C2H5OH) and Merck,
Germany, for nitric acid (HNO3). Stock solutions of
lead(II) were prepared using lead nitrate in deionized
water. The N-(2-methoxyphenyl)-N´-(2-methylphenyl)-
thiourea (TMMe) and the N-(2-methoxyphenyl)-N´-(2-
methoxyphenyl)-thiourea (TMM) were prepared in
our laboratory as described a previous work [34]. The
structural formulas of TMM and TMMe are given in
Fig. 1. The solid adsorbent materials were prepared as
described in Sections 2.1.1 and 2.1.2 of the present
paper.

2.1.1. Preparation of Na-magadiite

The Na-magadiite is hydrothermally synthesized
according to the literature [35]. A mixture of colloidal
silica (Ludox 40), sodium hydroxide, deionized water,
and ethyl alcohol, with a molar ratio of SiO2:NaOH:

Fig. 1. Structural formulas of (a) TMM and (b) TMMe.
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H2O:C2H5OH = 1:0.13:14.17:1.78 was sealed in a
Teflon-lined autoclave at 150˚C for 72 h. The product
is filtered, washed carefully with distilled water, and
dried at 80˚C for 24 h. The resulting white powder,
named Mag, is characterized by XRD, infrared spec-
troscopy (FTIR), and SEM. Its cation exchange capacity
(CEC) is measured according to the Kahr and Madsen
method [36].

2.1.2. Preparation of thiourea derivatives intercalated
Na-magadiite

The N-(2-methoxyphenyl)-N´-(2-methylphenyl)-
thiourea (TMMe) and the N-(2-methoxyphenyl)-N´-
(2-methoxyphenyl)-thiourea (TMM) were intercalated
into the magadiite solid support according to the
method developed recently as follows: 1 mmole
of N-(2-methoxyphenyl)-N´-(2-methylphenyl)-thiourea
(TMMe) [34] is added to a solution constituted from
20 ml of ethyl alcohol and 20 ml of distilled water.
The mixture obtained is stirred for one hour at a
temperature of 25˚C. One gram of as-synthesized
Na-magadiite (Mag) was added to the precedent
mixture and stirred up for one hour. The solid phase
was separated by centrifugation and dried at 80˚C for
24 h. The resulting intercalated solid sample is called
Mag/TMMe. The same procedure is used to obtain
Mag/TMM in which TMM is N-(2-methoxyphenyl)-
N´-(2-methoxyphenyl)-thiourea [34]. The obtained
products (Mag/TMMe and Mag/TMM) are character-
ized by XRD, FTIR, and SEM.

2.2. Characterization methods

The XRD analysis is used to identify the materials
obtained and to detect eventual changes which can
occur on the solid samples after intercalation. The
X-ray powder patterns were recorded using a Philips
PW 1830 diffractometer with monochromatic Cu Kα1
radiation (0.154 nm) in the region ranging from 2˚(2θ)
to 40˚(2θ). The incorporation or not of the thiourea
derivative compounds in the interlayer space of
Na-magadiite is confirmed by infrared FTIR spec-
troscopy. A NICOLET 380 FTIR spectrometer is used.
The solid samples are ground well to make KBr
pellets under a hydraulic pressure of 600 kg/cm2, and
spectra are recorded in the range of 500–4000 cm−1. In
each scan, the amount of the solid sample and the
amount of the KBr are kept constant in order to
estimate the changes in the intensities of characteris-
tics peaks with respect to the amount of thiourea load-
ing. The scanning electron micrographs were obtained
from a LEO-440A scanning electron microscope.

Thermo-gravimetric analyses (TGA, DTA) is carried
out using a TA Instrument SDT 2960 thermoanalyzer
between room temperature and 800˚C, at a heating rate
of 5˚C/min. Reconstituted air (80% N2 and 20% O2)
with a flow rate of 1 L/h is used during measurement.
The chemical composition of the samples is performed
by X-ray fluorescence using a Philips PW2540 Magix
spectrophotometer yielding the percentage in weight
of each constituting element.

For the analysis of aqueous solutions, a pH meter
Hanna 210 microprocessor is used for pH measure-
ments. Atomic absorption is used to determine the
amount of residual metal in solution. It is one of
the analytical methods which are currently used for
analysis of metallic elements as traces. Experiments
are carried out on a AA-660 Shimadzu corporation
absorption spectrophotometer with an air/acetylene
flame.

2.3. Equilibrium batch experiments

Equilibrium batch adsorption studies are carried
out by exposing a suitable amount of the solid adsor-
bents to 100 ml solutions containing Pb(II) ions in
sealed 150-ml Erlenmeyer flasks. The mixtures
obtained are magnetically stirred at room temperature
(25˚C). After equilibrium estimated for 1 h, the flasks
are centrifuged and the supernatant are filtered
through 0.45-μm membrane filters and analyzed by
atomic absorption spectrophotometry. For kinetic
studies, mixtures obtained by contacting 50 mg of
adsorbent with 50 ml of 100 mg/l lead(II) solutions
are stirred during 0–180 min. In order to establish the
adsorption isotherms, 50 mg of adsorbent is contacted
with lead(II) ions solutions at different concentrations.
The latest concentrations ranged from 2 to 80 mg/l.
However, the preliminary experiments show that the
optimum mass of solid adsorbents in which the sorp-
tion capacity is maximum is equal to 50 mg. Further-
more, it is observed that the optimum pH value is
function of the nature of the solid adsorbent used. For
this purposes, lead(II) uptake experiments are con-
ducted under two known and constant values of pH
equals to 5 and 7. In these cases, pH of the solution is
adjusted to the desired value by adding nitric acid
(HNO3) or sodium hydroxide as required. In all cases,
amounts of lead(II) taken up by the adsorbent in each
flask are determined by the following mass balance
equation:

q ¼ C0 � Cf

m
V (1)
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where q is the amount of lead(II) uptaken by the
adsorbent (mg/g), C0 is the initial lead(II) concentra-
tion in contact with the adsorbent (mg/dm3), Cf is the
lead(II) concentration (mg/dm3) after the batch
adsorption procedure, V is the volume of lead(II)
solution (dm3) in contact with the adsorbent, and m is
the mass (g) of adsorbent.

3. Results and discussion

3.1. Characterization

3.1.1. X-ray diffraction

The XRD powder diffraction patterns of Mag,
Mag/TMMe, and Mag/TMM solid samples are shown
in Fig. 2. Fig. 2(a) gives the XRD powder diffraction
pattern of the as-synthesized Na-magadiite used as
the host matrix in the intercalation reactions. The
recorded XRD pattern of Na-magadiite is typical of
magadiite varieties, where all peak positions and
relative intensities match perfectly the reported data
[35,37], indicating that the product is highly crystalline
and free from impurities. The basal spacing d001 of

Mag is 1.56 nm. Following the intercalation of thiourea
derivatives TMM and TMMe into Na-magadiite, it has
been observed that, in addition to the characteristic
peaks of the Na-magadiite, other peaks appear in the
XRD powder diffraction patterns of Mag/TMMe and
Mag/TMM solid samples, displayed, respectively,
in Fig. 2(b) and (c). These additional peaks are
assigned to TMM and TMMe species, confirming their
intercalation into the solid support magadiite.
Moreover, the presence of the peaks of the starting
Na-magadiite material shows that the structure of this
material is preserved after intercalation. This indicates
that the intercalation of thiourea derivatives into the
host matrix Na-magadiite does not change the original
structure of magadiite. The same result was observed
in the intercalation of magadiite by [Pt(NH3)4]

2+ [37]
and Co(sep)3+ ions [38].

3.1.2. Infrared FTIR spectroscopy

Fig. 3 shows the FTIR spectra of Mag, Mag/TMMe,
and Mag/TMM. The FTIR spectrum of Na-magadiite
displayed in Fig. 3(a) shows the presence of all
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Fig. 2. Powder XRD patterns of (a) Mag, (b) Mag/TMMe, and (c) Mag/TMM (*: characteristic peaks of TMMe;
+: characteristic peaks of TMM).
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vibrational bands characteristic of this material.
Indeed, the small and sharp band appearing at
3,666 cm−1 is due to the weakly hydrogen-bonded free
SiOH stretching of the isolated silanol groups present
on the surface of Na-magadiite. These weakly bonded
free SiOH groups is responsible for silylation reactions
[22]. The broad vibrational band centered at
3,470 cm−1 is assigned to the OH stretching vibrations
of interlamellar adsorbed water as well as to the
strong hydrogen bonding SiOH stretching. Another
characteristic bands are observed at 1,630 cm−1and
785 cm−1 and may be assigned to the presence of
physisorbed water and to the symmetric stretching
vibrational mode of Si–O groups, respectively. The
FTIR spectra of Mag/TMMe and Mag/TMM materials
are displayed in Fig. 3(b) and (c), respectively. From
these figures, one can observe the characteristic
adsorption bands of Na-magadiite, the presence of
others absorption bands at 3,348, 3,142, 2,961, and
1,525 cm−1. These absorption bands are assigned to the
stretching vibrational mode of the N–H groups, the
C–H stretching vibration of the aromatic groups,
the C–H stretching vibration of the methyl groups
and the C=C stretching vibration, respectively, and are
due to the presence of thiourea compounds into the
solid samples. These results confirm the presence of
thiourea derivatives, TMM and TMMe, in interlayer
space of magadiite and shows that the intercalated
solid samples, Mag/TMM and Mag/TMMe, retain the
structure of the Na-magadiite material. However, it is
important to note that the infrared spectra of TMM
and TMMe (not shown here) are very similar, which

does not allow to differentiate between them by
infrared analysis. Therefore, it is also difficult to differ-
entiate between Mag/TMM and Mag/TMMe by this
analysis method.

3.1.3. Chemical and thermal analysis

The chemical compositions of Mag, Mag/TMM, and
Mag/TMMe solid samples are determined by combin-
ing chemical and thermal analysis. The results are given
in Table 1. The chemical formula of the as-synthesized
Na-magadiite (Mag sample) is a characteristic of such a
material and agrees well with the idealized one
reported in the literature [17]. Determining the chemical
formulas Mag/TMM and Mag/TMMe confirms the
presence of TMM and TMMe, respectively, in both
materials and shows that both materials retain the
structure of the starting Na-magadiite after intercala-
tion. The calculated chemical formulas show also that
the amount of TMM inserted in Na-magadiite is greater
than that of TMMe. This could certainly have an influ-
ence on lead adsorption reaction.

3.1.4. Scanning electron microscopy

Fig. 4 shows the morphology of Mag, Mag/TMMe,
and Mag/TMM. The Mag sample is formed of silicate
layers intergrown to form spherical nodules
resembling rosettes, which consist of aggregated thin
platelets (Fig. 4(a)). No impurity is detected.
After intercalation with TMMe and TMM, Fig. 4(b)
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Fig. 3. Infrared (FTIR) spectra of (a) Mag, (b) Mag/TMMe, and (c) Mag/TMM.
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and (c), respectively, the morphology of the starting
Na-magadiite material is maintained. However, the
rosettes become more open and the platelets are
thicker than those observed for Na-magadiite. This
result confirms the presence of thiourea organic
compounds into solid probably intercalated in the
interlayer space.

3.1.5. The cation exchange capacity determination

CEC is measured in order to evaluate the potential
use of the as-synthesized Na-magadiite material for
intercalation and also for organofunctionalization pro-
cess. The CEC determination was carried out using
the conductometric method developed by Kahr and
Madsen [36]. After calculation, an experimental CEC
value of 116.5 meq/100 g of Na-magadiite is obtained.
This value is in good agreement with that reported in
the literature [19] and indicates that the as-synthesized
magadiite material obtained is of high quality as
observed by XRD, FTIR and SEM analysis.

3.2. Kinetic studies

The study of adsorption kinetics is an important
feature to be considered in aqueous effluent treat-
ments as it provides valuable information about the
mechanism of adsorption processes. In the present
work, two kinetic models are applied in order to

understand and then explain the experimentally
obtained data. They are namely the first-order and
pseudo-second-order models. The linear form of the
first-order equation of the Lagergren model [39] is
given by the following equation:

logðqe � qtÞ ¼ logðqeÞ � k1 � t
2; 303

(2)

where k1 is the rate constant of adsorption (min−1), and
qe and qt are the adsorption loading of lead(II) (mg/g)
at equilibrium and at time t (min), respectively. The
equilibrium loading qe (mg/g) is calculated from the
langmuir adsorption isotherm. By plotting, log(qe − qt)
against t, a straight line is obtained and the value of
the rate constant k1 can be calculated.

The pseudo-second-order equation (Ho and Mc
Kay) [40] is expressed as:

t

qt
¼ 1

k2q2e
þ 1

qe
t (3)

where k2 (g/mg min) is the rate constant of pseudo-
second-order adsorption. Plotting t/qt against t, a
linear function is obtained and the rate constant k2 as
well as qe can be calculated.

The behavior of lead(II) adsorption kinetics on
Mag, Mag/TMMe, and Mag/TMM materials are

Table 1
Chemical composition of Mag, Mag/TMMe, and Mag/TMM solid samples

Sample Na2O
a (wt%) SiO2

a (wt%) Organic contenta (wt%) H2O
b (wt%) Chemical formulac

Mag 6.394 80.295 – 13.31 Na2Si14O29·7.73 H2O
Mag/TMMe 5.238 70.962 13.65 10.15 Na2Si14O29·0.594 TMMe·6.68 H2O
Mag/TMM 5.276 65.614 21.78 07.33 Na2Si14O29·0.968 TMMe·5.21 H2O

aDetermined from chemical analysis.
bDetermined from thermal analysis.
cDetermined by combining chemical and thermal analyses.

(a) (b) (c)

Fig. 4. SEM of (a) Mag, (b) Mag/TMMe, and (c) Mag/TMM.

9388 S. Benkhatou et al. / Desalination and Water Treatment 57 (2016) 9383–9395



shown in Fig. 5. The adsorption of lead(II) increases
relatively quickly up to 30 min and slowly increases
as equilibrium was reached. The lead(II) uptake
becomes almost constant after 60 min for all the
materials used. This can be explained by the existence
of the exposed reactive basic centers for interaction on
the readily accessible surfaces. However, as the cover-
age increases, the number of available surface sites for
the adsorption decreases until it reaches equilibrium.

The simulated plots for the first-order and pseudo-
second-order models are shown in Fig. 6(a) and (b),
respectively. The kinetic data for adsorption of lead(II)
onto Mag, Mag/TMMe and Mag/TMM obtained from
the related plots are collected in Table 2.

It is clearly shown that pseudo-second-order
kinetic plot presents a better regression coefficients
(R2 > 0.999) at pH 7 and pH 5 for all adsorbents sam-
ples, which suggests that the adsorption kinetic can be
described by the pseudo-second-order rate equation
perfectly. This result implies that chemisorption is
predominant and may be considered as the limiting
rate-step which control the adsorption process.

3.3. Adsorption isotherms

The capacity of these materials to remove lead(II)
from water is evaluated by adsorption isotherms pro-
cess. The lead(II) adsorption isotherms at pH 5 and pH

7 are given in Fig. 7. The latter shows that the amount
of lead(II) uptake increases with increasing equilibrium
concentration until a plateau is reached for all
adsorbents samples. The maximum of adsorption is
observed for the Mag/TMM sample at pH 5. In order
to understand and then explain the adsorption phe-
nomenon, the Langmuir [41] and Freundlich [42] theo-
retical models are applied to fit the experimental data.

The Langmuir model assumes a monolayer
adsorption of molecules of adsorbate onto an ideal
solid surface composed by distinct adsorption sites
with uniform adsorption energies. The adsorbates are
immobile on the surface, and there are no interactions
between adsorbates molecules on adjacent sites. The
linear form of the Langmuir model is represented by
the following equation:

1

x=m
¼ 1

Q0b

1

Ce
þ 1

Q0
(4)

where x/m (mg/g) is the quantity of metal ions (mg)
adsorbed, per gram of solid, from the aqueous solu-
tion; Ce (mg/l) is the equilibrium concentration of
metal ions in aqueous solution; b is the Langmuir
equilibrium constant and Q0 (mg/g) is the maximum
adsorption capacity. The two last parameters are
determined from the linearized Langmuir plots
displayed in Fig. 8.
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Table 2
Kinetic parameters for the adsorption of lead(II) ions onto Mag, Mag/TMMe, and Mag/TMM at pH 5 and pH 7

First-order kinetic model Pseudo-second-order kinetic model

Adsorbent pH R2
1 k1 (min−1) R2

2 k2 (g mg−1 min−1)

Mag 5 0.9218 0.0381 0.9999 0.014
7 0.8305 0.0264 0.9999 0.0083

Mag/TMMe 5 0.9975 0.060 0.999 0.0020
7 0.9855 0.053 0.994 0.0013

Mag/TMM 5 0.9076 0.0343 0.9999 0.0117
7 0.8691 0.0367 0.9993 0.006
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Fig. 7. Isotherms of lead(II) adsorption onto Mag, Mag/TMMe, and Mag/TMM at pH 5 and pH 7.
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Fig. 9. Freundlich plots for lead(II) adsorption onto Mag, Mag/TMMe, and Mag/TMM at pH 5 and pH 7.

Table 3
Langmuir and Freundlich parameters for lead(II) ions removal onto Mag, Mag/TMMe, and Mag/TMM

Freundlich constants Langmuir constants

Adsorbent pH k n R2 Q0 (mg/g) b (L/g) R2 RL

Mag 5 1.43 7.88 0.98 7.358 0.49963 0.9837 0.0244
7 1.77 4.18 0.9251 9.910 0.47616 0.9946 0.0256

Mag/TMMe 5 1.94 3.83 0.9361 13.28 0.13432 0.9735 0.0851
7 1.54 2.34 0.9556 19.92 0.19339 0.9552 0.0607

Mag/TMM 5 1.13 1.98 0.7715 33.44 0.03152 0.9600 0.2839
7 1.75 2.21 0.9583 19.417 0.26868 0.9611 0.0267
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The Freundlich isotherm is merely empirical and
at best describes the adsorption on heterogeneous sur-
faces. The linear form of the Freundlich model is
expressed by the following equation:

log
x

m
¼ 1

n
log Ce þ log k (5)

where x/m (mg/g) is the quantity of metal ions (mg)
adsorbed, per gram of solid, from the aqueous solu-
tions. Ce (mg/l) is the equilibrium concentration of
metal ions in aqueous solution. n and k are the
Freundlich constants. Both are calculated from the
simulated plots shown in Fig. 9.

The isotherm constants for lead(II) adsorption
onto the three adsorbent at pH 5 and pH 7 are
summarized in Table 3. It appears that the deter-
mination coefficients obtained at pH 5 and 7 by the
Langmuir model are better than those observed for
the Freundlich model at the same pH values, indicat-
ing a good fit to the Langmuir model than the
Freundlich model. In the case of Langmuir model,
the determination of the separation parameter, RL,
can give additional information on the adsorption
reaction that allow to explain the experimental data.
This parameter is defined as:

RL ¼ 1

ð1þ bC0Þ

where b is the Langmuir constant, and C0 is the high-
est initial concentration of metal in aqueous solutions.
It is indicative of the isotherm shape and predicts the
feature of the adsorption. It can take several values.
Indeed, in function of the value of RL, the adsorption
is considered as irreversible (RL = 0), favorable
(0 < RL < 1), linear (RL = 1), or unfavorable (R > 1). As
shown in Table 3, the calculation of the separation fac-
tor, RL, gives values between 0.0244 and 0.2839 which
confirm that the three adsorbents show favorable
adsorption for lead(II) ions.

The two intercalated materials (Mag/TMM and
Mag/TMMe) exhibit higher adsorption capacities than
the starting material (Mag). The maximum adsorption
capacity of lead(II) determined by the Langmuir
model equals 33.9 mg/g (0.1615 mmol g−1) and is
observed at pH 5 for Mag/TMM material. At pH 7,
this value equals 19.9 mg g−1 for the Mag/TMMe
material. As shown in Table 4, the results obtained
compare well with the literature and the adsorbents
materials used in the present work may constitute a

Table 4
Comparison of the maximum adsorption capacity of Pb(II) ions on some natural and synthetic adsorbents from aqueous
solution

Adsorbent Q0 (mg/g) Ref.

Organophilic bentonite 22 [43]
Natural smectite “CL” 1,061.91 ± 0.15 [44]
AL/ZR-PILCAPT-723 2,676.51 ± 0.11 [44]
AL/ZR-PILCAPT-823 2,477.79 ± 0.13 [44]
Cancrinite-type zeolite 523.71 [45]
Chitosan 7.452 [46]
Hazelnut husks activated carbon (ACHH) 13.05 [47]
Pine cone activated carbon 27.53 [48]
Spirogyra neglecta 55.70 [49]
Ethylenediamine-modified attapulgite (EMATP) 258 [50]
TMA-birnessite 263.18 [51]
Ca–Al layered double hydroxides (LDHs) 972.9 [52]
Calcium phosphates (CaP) 1,226 [53]
Kaolinite 11.52 [54]
Poly(hydroxyl)zirconium modified kaolinite 9.01 [54]
Montmorillonite 31.05 [54]
Poly(hydroxyl)zirconium modified montmorillonite 31.44 [54]
Natural bentonite 0.015 [55]
Clay/poly(methoxyethyl)acrylamide (PMEA) 81.02 [56]
Mag 9.91 This work
Mag/TMMe 19.41 This work
Mag/TMM 33.44 This work
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good alternative for lead(II) adsorption, especially for
low concentration of the metal in aqueous solutions.

4. Conclusion

In this work, Na-magadiite was synthesized and
then modified by organic Thiourea derivatives
molecules (TMMe and TMM). The products were
characterized by different analysis methods and used
for the removal of lead(II) from aqueous solutions. It
was found that the variation of pH affects the
adsorption capacity of the metal. The kinetics of
adsorption of metal ions were experimentally
studied, and the obtained rate data were analyzed
using simple kinetic models. The results clearly
demonstrate that the pseudo-second-order adsorption
mechanism is predominant, which led us to conclude
that the adsorption process is controlled by a chemi-
cal adsorption process. Equilibrium isotherms have
been determined using Langmuir and Freundlich
mathematics equations. The study shows that the
results fit well the Langmuir model. Compared to
the starting Na-magadiite, all the studied materials
display high adsorption capacities. The most impor-
tant value equals 33.44 mg/g and is observed for
Mag/TMM at pH 5.
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