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Abstract

The adsorption of Pb?* ions onto Tunisian smectite-rich clay in aqueous solution was studied in a batch system. Four samples of clay (AYD,
AYDh, AYDs, AYDc) were used. The raw AYD clay was sampled in the Coniacian-Early Campanian of Jebel Aidoudi in El Hamma area (South
of Tunisia). AYDh and AYDs corresponds to AYD activated by 2.5 mol/l hydrochloric acid and 2.5 mol/l sulphuric acid, respectively. AYDc
corresponds to AYD calcined at different temperatures (100, 200, 300, 400, 500 and 600 °C). The raw AYD clay was characterized by X-ray
diffraction, chemical analysis, infrared spectroscopy and coupled DTA-TGA. Specific surface area of all the clay samples was determined from
nitrogen adsorption isotherms. Preliminary adsorption tests showed that sulphuric acid and hydrochloric acid activation of raw AYD clay enhanced
its adsorption capacity for Pb>* ions. However, the uptake of Pb?* by AYDs was very high compared to that by AYDh. This fact was attributed to
the greater solubility of clay minerals in sulphuric acid compared to hydrochloric acid. Thermic activation of AYD clay reduced the Pb** uptake
as soon as calcination temperature reaches 200 °C. All these preliminary results were well correlated to the variation of the specific surface area of
the clay samples.

The ability of AYDs sample to remove Pb** from aqueous solutions has been studied at different operating conditions: contact time, adsorbent
amount, metal ion concentration and pH. Kinetic experiments showed that the sorption of lead ions on AYDs was very fast and the equilibrium was
practically reached after only 20 min. The results revealed also that the adsorption of lead increases with an increase in the solution pH from 1 to
4.5 and then decreases, slightly between pH 4.5 and 6, and rapidly at pH 6.5 due to the precipitation of some Pb?* ions. The equilibrium data were
analysed using Langmuir isotherm model. The maximum adsorption capacity (Qp) increased from 25 to 25.44 mg/g with increasing temperature
from 25 to 40 °C. Comparative study between sulphuric acid activated clay (AYDs) and powder activated carbon (PAC) for the adsorption of lead
was also conducted. The results showed that sulphuric acid activated clay is more efficient than PAC.
© 2007 Elsevier B.V. All rights reserved.
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1. Introduction

Lead ions have become one of the major environmental
pollutants due to its presence in automobile fuel and subse-
quent emission into the atmosphere in the exhaust gases [1].
It enters the environment as a result of both natural process
and anthropogenic activities [2]. Methods like ion exchange,
solvent extraction, reverse osmosis, precipitation and adsorp-
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tion are available for its removal from water and wastewater.
Among all these methods, adsorption is shown to be economi-
cally favourable (compared with ion exchange) and technically
easy (compared with precipitation or reverse osmosis) [3].

Due to its inherent physical properties, large surface area,
microporous structure, high adsorption capacity and surface
reactivity, activated carbon have been received recently a con-
siderable attention for the removal of organic and inorganic
pollutants from contaminated water [4]. The high cost of the
activated carbon limits however its use as an adsorbent [5] and
encourage its substitution by clays. These materials, owing to
their high cationic exchange capacity and specific surface area
and their good chemical and mechanical stability, often used to
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treat wastewater [6]. It is well known that smectitic clay have
very high cation exchange capacities (90-120 meqg/100 g) due
to substitutions of Mg+ and Fe?* in place of AI’* in the octa-
hedral positions and, to a higher degree, to substitutions of Al**
in place of Si** in the tetrahedral positions. Moreover, they pos-
sess higher elasticity and plasticity. These properties make them
particularly suitable as low-cost natural sorbents for the treat-
ment of industrial and processing waters and wastewaters and/or
as barriers in landfills to avoid pollutant release. During acid
activation, exchangeable cations are replaced by protons and a
part of octahedral cations dissolve creating new acid sites in
the structure. This makes the smectitic clay more porous and
acidic. Moreover, activation of smectitic clay by acid treatment
is effective in limiting possible decomposition of the crystalline
structure and increasing the specific surface area. For this reason,
clays modified in various ways, such as treatment by inorganic
and organic compounds, acids and bases have higher adsorption
capacity [7]. For example, montmorillonite, coated and interca-
lated by aluminium hydroxides exhibits much higher adsorption
capacity for some heavy metal ions, than that of natural montmo-
rillonite [8]. The bleach of vegetal and mineral oils by smectitic
clay increases with inorganic acids treatment [9].

The smectitic clay can adsorb heavy metals via two different
mechanisms: (1) cation exchange at the planar sites, resulting
from the interactions between metal ions and negative permanent
charge (outer-sphere complexes) and (2) formation of inner-
sphere complexes through Si—O~ and AI-O~ groups at the clay
particle edges [10]. Both mechanisms are pH dependent but the
latter is particularly influenced by pH because in acidic con-
ditions (pH < 4) most silanol and aluminol groups on edges are
protonated. For this reason, it is necessary to improve the knowl-
edge of the effect of pH on the sorption capacity of smectitic clay
in solid—solution system.

The aim of this work is to study the removal of Pb>* ions from
aqueous solution by adsorption on smectite-rich clay (AYD) and
on its acid (2.5 mol/l hydrochloric, 2.5 mol/l sulphuric) and ther-
mic activated products. Comparative study between sulphuric

activated clay and activated carbon for the adsorption of Pb>* is
also conducted.

2. Materials and methods
2.1. Preparation of the adsorbents

The raw clay (AYD) used in the present study was collected
from the meridional Atlas of Tunisia. It was sampled in Jebel
Aidoudi in El Hamma area. It is Coniacian — early Campanian
in age (Fig. 1). AYD clay was kept in an oven at 70 °C.

For preparing acid activated clays (AYDh and AYDs), a sus-
pension was made by mixing 10 g of AYD sample with 100 ml
of 2.5mol/l H,SO4 or 2.5mol/l HCI at 60°C for 0.5, 1, 2, 4
and 6h. The suspension was then filtered off and the treated
material washed several times with distilled water until pH 5.
Then, it was dried in an oven at 105 °C for 24 h. The thermic
activated clay (AYDc) was obtained by calcination of AYD at
different temperatures (100, 200, 300, 400, 500 and 600 °C). The
activated carbon used in the adsorption experiments was crushed
and sieved to get a product with a particle size lower than 80 pum,
then it was washed to remove impurities [11]. Finally, it was
heated in an oven at 110 °C for 24 h.

2.2. Adsorbate

Lead solutions of different concentrations were made by dilu-
tion of 1000 mg/1 stock solution prepared from analytical grade
Pb(NO3)s,.

2.3. Instrumental

Mineralogical analysis of the raw sample was carried out
by X-ray diffraction (Phillips X Pert diffractometer). Oriented
aggregates were treated with ethylene glycol and dried at 500 °C
for 2h. Chemical composition was determined by ICP-AES.
Loss on ignition (LOI) was considered as the weight per-
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Fig. 1. Localization of the studied clay deposit (Jebel Aidoudi).
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Table 1
Mineralogical composition of AYD clay sample

Sample Total rock mineralogy (%)

AYD Clay minerals Non clay minerals
Smectite (S) Illite (I) Kaolinite (K) Calcite (Ca) Quartz (Q) Feldspars (F)
74 3 9 6 6 2

Table 2

Chemical composition of AYD clay sample

Sample  SiO (%)  ALO3 (%)  FeyO3 (%) CaO (%) MgO (%) NaO(%) KyO(%) MnO (%) P20s5(%) TiO2 (%) LOI(%)

AYD 47.74 18.59 7.39 3.85 1.98 1.94 1.58 0.03 0.27 0.92 15.3

cent difference between sample heated at 100 and 1000 °C.
Specific surface area was determined from nitrogen adsorp-
tion isotherm according to BET method using a quantachrome
Autosorb instrument. FT-IR spectrum of AYD sample was car-
ried out using a PerkinElmer model spectrometer. TGA-DTA
of the adsorbent was carried out using NETZSCHSTA 449C
model equipment. Hitachi Z-6100 model Atomic Absorption
Spectrometer (AAS) operating with an air—acetylene flame was
employed to measure residual metal ion concentrations.

2.4. Batch adsorption experiments

Adsorption tests were made by batch technique at room tem-
perature (25 °C). The batch mode adsorption was selected due
to its simplicity and reliability. Known amount of adsorbents
(AYD, AYDh or AYDs, AYDc) was placed in erlenmeyer flask
containing 100 ml of lead solution of known concentration and
pH. The resulting mixture was then mixed continuously for a
given time period to reach equilibrium. The suspension was
then centrifuged and Pb?* remaining in the supernatant was
determined by atomic absorption spectrometry.

3. Results and discussion
3.1. Characterization of AYD clays

The X-Ray diffraction analysis indicated that the raw AYD
clay is mainly composed of smectite (74%) associated to kaoli-
nite (9%), illite (3%), quartz (6%), calcite (6%), and feldspars
(2%) (Table 1). The chemical analysis showed that the main con-
stituents of AYD clay are silica (47.74%), alumina (18.59%),
and iron oxides (7.39%) (Table 2). The loss of ignition (LOI) is
15.3% (Table 2). It is mainly attributed to the loss of H,O from
clay minerals, especially smectite, and CO; originated from the
decomposition of calcite. The BET surface areas of AYD, AYDh
and AYDs samples were found to be 86.2, 109.2 and 121.2 m%/g,
respectively (Table 3). The observed increase in BET surface can
be explained by the fact that during acid activation, exchangeable
cations are replaced by protons and a part of octahedral cations
dissolve creating new acid sites in the structure resulting in more
porous and acidic clay [12]. The specific surface of the cal-
cined sample (AYDc) at 100 °C increased from 86.2 t0 92.6 m?/g

Table 3
BET surface areas of AYD, AYDh, AYDs and AYDc samples

Samples Specific surface areas (BET) (mzlg)
Raw clay (AYD) 86.2
Thermic activated clay (AYDc)

100°C 92.6

200°C 78

300°C 69.2

400°C 60.9

500°C 47.8

600°C 48.1

Hydrochloric acid activated clay (AYDh) 109.2
Sulphuric acid activated clay (AYDs) 121.2

(Table 3). For higher temperatures, this surface decreased. The
FT-IR spectrum of AYD sample (Fig. 2) shows that absorption
bands at 3634 and 917 cm™! are attributable to AI-Al-OH™
stretching and bending modes of vibrations [13]. The band
appeared at 1435 cm™! corresponds to that of carbonate [calcite
(CaCO3) or dolomite (Ca, Mg (CO3)2)]. The bands appeared
at 531, 426 and 468 cm~! correspond to Si—O—Al, Si—O—Si
and Si—O—Mg, respectively. Thermal behaviour of AYD sam-
ple was studied by coupled DTA and TGA (Fig. 3). Results show
multiple endothermic peaks: the first stage weight loss (7.9%)
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Fig. 2. Infra-red spectrum of AYD clay sample.
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Fig. 3. TGA-DTA curves of AYD clay sample.

with an endothermic peak at 79 °C corresponds to the loosely
bound water molecules [14]. The second stage loss (0.5%) with
an endothermic peak at 476 °C is due to the deshydroxylation
of the octahedral sheet [15]. The third stage loss (5.7%) with
an endothermic peak at 633 °C is due to the decomposition of
carbonates. Exothermic peak appeared at 888 °C resulting from
crystallization of new phases [16]. The total weight loss was
about 14.2%.

3.2. Effect of acid and thermic activation on the adsorption
process

The study of Pb2* adsorption on AYDh, AYDs and AYDc
was carried out by mixing 0.5 g of adsorbent with 100 ml of
100 ppm lead solution. The solution pH was adjusted to 4 with
1M HNO3 and 1M NaOH. The mixtures were agitated dur-
ing 10 min at room temperature (25 °C). The results obtained
with acid activated clays are given in Fig. 4. It is clear from
this figure that acid activation increases the number of sites
responsible for the adsorption of lead ions: the acid activated
clay samples AYDs or AYDh had a higher adsorption capacity
compared to the non-activated clay AYD. Under the consid-
ered experimental conditions, AYDh and AYDs could remove
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Fig. 4. Effect of acid activation on the Pb?* removal.
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Fig. 5. Effect of calcination temperature on BET surface area (SBET) of AYD
clay sample and on Pb2+ adsorption.

as much as 50.18 and 65.12% of Pb>* ions respectively, whereas
AYD could remove only 41.32%. The higher uptake of Pb>* by
sulphuric acid activated clay (AYDs) was very high when com-
pared to hydrochloric acid activated clay (AYDh). This is due
to the greater solubility of clay minerals in sulphuric acid com-
pared to hydrochloric acid [12]. According to the literature, it is
reported that solubility of clay mineral is more in the acid with
an anion having size and geometry approximating to that of the
component parts of clay mineral lattice [17].

The removal of lead by AYDc sample calcined at 100°C
was 54.22% (Fig. 5). This percentage decreased with increased
temperature. The initial increase of adsorption observed when
the temperature changed from 70 to 100 °C was presumably
due to loss of physisorbed water [18], whereas the decrease
of adsorption beyond 200 °C was attributed to the decrease in
surface area (Fig. 5).

3.3. Effect of various operating parameters on lead removal

According to the previously results, the sulphuric acid acti-
vated clay (AYDs) gave under the same considered experimental
conditions (pH 4, shaking time=10min) the highest adsorp-
tion capacity of lead ions. For this reason, we retained this clay
sample for the continuation of the study.

3.3.1. Effect of shaking time

The time-dependent behaviour of lead adsorption was studied
by varying the contact time between the adsorbate and adsor-
bent in the range 1-120 min. The initial concentration of Pb**
was kept as 100 ppm, while the dose of AYDs sample was
0.5 g/100 ml and the solution pH was fixed at 4. The data showed
that the sorption of lead ions on AYDs was very fast and the equi-
librium was reached after only 20 min (Fig. 6). According to the
experimental results of several authors [1,19] on the retention of
lead on clay minerals, the adsorption process is fast at the begin-
ning of the reaction due to the adsorption of lead on the surface
sites of clay, then it becomes slow due to the diffusion of lead
from the surface sites to the interlayer of the solid. Therefore, a
20 min shaking time was found to be appropriate for maximum
adsorption and was used in all subsequent measurements.
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Fig. 6. Effect of shaking time on Pb>* adsorption.

3.3.2. Effect of adsorbent amount

The influence of the amount of AYDs adsorbent
(0.125-3 g/100 ml) on Pb%* removal at constant values of ini-
tial metal concentration (100 ppm), contact time (20 min) and
temperature (25 °C) is shown in Fig. 7. The results showed that
the removal of lead increased rapidly (90%) until an adsorbent
dose of 1.5 g/100 ml and moderately beyond this value. This was
an expected result since as the dose of adsorbent increases, the
number of adsorbent sites increases; therefore, these amounts
attach more ions to their surfaces [20]. Similar results were

reported where many types of materials were used as adsorbents
[21].

3.3.3. Effect of pH

The influence of pH on the removal of Pb>* ions by AYDs
sample was investigated. In the present work, the adsorption of
Pb%* was studied in the pH range 1-6.5 with a constant clay
amount of 0.125 g/100 ml of lead solution, a shaking time of
20 min and Pb?* concentration of 100 ppm. The results presented
in Fig. 8 reveal that the adsorption of lead increases from 1.5 to
33.1% with an increase in solution pH from 1 to 4.5 and then
decreases, slightly between pH 4.5 and 6, and rapidly at pH
6.5 due to the precipitation of some Pb>* ions. The influence
of initial pH on Pb?* removal may be explained as follow: in
the acidic conditions, both adsorbent and adsorbate are posi-
tively charged (M2* and H*) and therefore, the net interaction
is that of electrostatic repulsion. Besides, the H* ions present
in higher concentration in the aqueous medium compete with
the positively charged Pb>* ions for the surface adsorbing sites,
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Fig. 7. Effect of adsorbent amount on Pb** adsorption.
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Fig. 8. Effect of pH on Pb>* adsorption.

resulting in a decrease in the removal of Pb**. According to
other works dealing with sorption of lead ions on bentonite [19],
kaolinite and montmorillonite [1], palygorskite [21], the removal

increases continuously for pH values ranging between around 1
and 6.

3.3.4. Effect of Pb** concentration

Fig. 9 shows the effect at pH 4 of varying lead concentration
(50-300 ppm) on the adsorption under operating conditions of
20 min shaking time and 0.5 g/100 ml for adsorbent. The results
showed a gradual decrease of Pb>* removal when the lead con-
centration increased in the solution. This decrease is due to
the fact that an increase in lead concentration makes the ratio
of the number of Pb>* ions present in solution to the number
of available adsorption sites more and higher. Since the initial
concentration increases more rapidly than the quantity of lead
adsorbed, it is obvious that Pb?* removal decreases. When Pb2+
ion concentration changes from 50 to 300 ppm, the extent of
adsorption on AYDs clay falls from 74.75 to 37.33%.

3.4. Adsorption isotherm

The equilibrium data for Pb>* adsorption over the concentra-
tions range from 50 to 300 ppm at 25 and 40 °C (Fig. 10) have
been correlated with the langmuir isotherm [22]:
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Fig. 9. Effect of initial concentration on Pb?* adsorption.
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Fig. 10. Adsorption isotherms of Pb>* onto AYDs at 25 and 40 °C.
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Fig. 11. Plot of C./X/m against C, for lead adsorption onto AYDs.

where C, is the equilibrium concentration of adsorbate (mg/l),
X/m is the amount adsorbed at equilibrium per mass unit of
the adsorbent (mg/g), b and Qp are Langmuir constants related
to energy of adsorption and maximum sorption capacity of the
adsorbent respectively. The values of Q¢ and b were determined
from the intercept and the slope of the line obtained by plot-
ting C./(X/m) versus C. (Fig. 11). Results in Table 4 show
that the maximum adsorption capacity values, Qp, are 25 and
25.44mg/g at 25 and 40 °C, respectively. The observed max-
imum sorption capacity of AYDs for Pb** removal remained
slightly lower compared to maximum sorption capacities of
montmorillonite, palygorskite clay and sulphuric acid activated
montmorillonite reported in previous studies [1,21,23], whereas
the obtained results are higher to other materials such as kaolinite
and sulphuric acid activated kaolinite [1,23]. The results show
also that Qp and b values increases slightly as the temperature
increases. Hence, the interaction between adsorbent and adsor-
bate is endothermic. The correlation coefficients (R%) given in

Table 4

Langmuir adsorption parameters

T(°C) Qo (mg/g) b (I/mg) Ry R?
25 25 0.99 0.0033 0.99
40 25.44 1.17 0.0028 0.99

100

80 4

60 4

40

% Pb ** adsorbed

0 T T T
0 0.5 1 1.5 2

Adsorbent dose (g/100ml)

—— Activated carbon —4¢— AYDs

Fig. 12. Effect of AYDs and activated carbon amounts on Pb** adsorption.

Table 4 show that the Langmuir equation gives a fairly good fit
to the sorption isotherm. The main characteristics of the Lang-
muir isotherm can be also expressed in terms of a dimensionless
constant separation factor or equilibrium parameter, Ry, which
was defined as:

1

Ri= —————
1+ (b x Cop)

where Cy is the initial Pb>*concentration. The Ry value indicates
the shape of the isotherm as follows: favourable adsorption is
indicated by 0 < Ry < 1 while Ry, > 1, Rp. =1 and Ry =0, describe
respectively unfavourable, linear and irreversible adsorption
[24]. The Ry, values calculated for Pb?* initial concentration of
300 ppm were 0.0033 and 0.0028 at 25 and 40 °C, respectively.
Hence, the adsorption of Pb2* ions on AYDs was favourable.

3.5. Comparative study of lead adsorption with sulphuric
acid activated clay and activated carbon

Activated carbon, among a large variety of adsorbents, was
still the most important one in current use in the environmental
pollution control due to its large surface area, high adsorption
capacity and porous structure. The comparative study between
sulphuric activated clay (AYDs) and activated carbon for lead
removal from aqueous solution (Cop=100ppm) showed that
0.125 g of activated clay gave the same result that 1 g of activated
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Fig. 13. Effect of shaking time on Pb>* adsorption by AYDs and activated
carbon.



L. Chaari et al. / Journal of Hazardous Materials 156 (2008) 545-551 551

carbon (Fig. 12). Moreover, the kinetic study of Pb>* adsorp-
tion with activated carbon and sulphuric activated clay showed
that the adsorption capacity of the latter was better than that of
activated carbon whatever the contact time considered (Fig. 13).

4. Conclusions

Four smectitic clay samples: untreated clay (AYD),
hydrochloric activated clay (AYDh), sulphuric activated clay
(AYDs) and thermic activated clay (AYDc) were used for the
removal of Pb>* ions from aqueous solutions, the following
conclusions have been drawn from this investigation:

e Raw smectitic clay, sampled in Jebel Aidoudi in El Hamma
area (meridional Atlas of Tunisia) has high surface charges
resulting from the spread of isomorphous substitution in tetra-
hedral and octahedral sheets. This clay sample is capable of
removing 41.32% of Pb>* ions from aqueous solution under
the following conditions: initial Pb>* concentration 100 ppm,
pH 4, shaking time 10 min, adsorbent amount 0.5 g/100 ml
and temperature 25 °C.

e Sulphuric acid and hydrochloric acid activation of AYD
sample enhanced the adsorption capacity under the same
conditions compared to the untreated clay minerals due to
the increase of surface area. The uptake of Pb>* by AYDs
(65.12%) was very high when compared to that by AYDh
(50.18%). This is due to the greater solubility of clay minerals
in sulphuric acid compared to hydrochloric acid.

e Thermic activated clay (AYDc) obtained by calcination of
AYD at different temperatures (100, 200, 300, 400, 500 and
600°C) is capable of removing 54.22% of Pb** ions from
aqueous solution when calcination temperature is 100 °C.
This percentage decreased to 42.75% with increased temper-
ature.

e Good adsorption results were obtained with AYDs clay (Pb>*
removal 69%) under operating conditions of 20 min shak-
ing time, pH 4, 100ppm initial Pb?>* concentration and
0.5 g/100 ml clay dose. The removal reached 90% when the
clay dose increased from 0.5 to 1.5 g/100 ml.

e Results related to adsorption isotherms showed that the equi-
librium data obtained with AYDs clay fitted very well to the
Langmuir model. It was observed that the isotherm constants
increased slightly with increasing temperature. The values
of maximum adsorption capacity Qg increased from 25 to
25.44 mg/g, when the solution temperature increased from
25 to 40°C.

e Comparative study between activated carbon and sulphuric
acid activated clay showed that 0.125 g of activated clay gave
the same result that 1 g of activated carbon. Moreover, the
results showed that adsorption capacity of sulphuric acid
activated clay was better than activated carbon whatever the
shaking time considered.

References

[1] S. Sen Gupta, K.G. Bhattacharyya, Adsorption of Ni (II) on clays, J. Colloid
Interface Sci. 295 (2006) 21-32.

[2] S.P.Singh, L.Q.Ma, M.j. Hendry, Characterization of aqueous lead removal
by phosphatic clay: equilibrium and kinetic studies, J. Hazard. Mater. B136
(2006) 654-662.

[3] C. Faur-Brasquet, Z. Reddad, K. Kadirvelu, P. Le Cloirec, Modeling the
adsorption of metal ions (Cu’*, Ni2*, Pb?*) onto ACCs using surface
complexation models, Appl. Surf. Sci. 196 (2002) 365-1365.

[4] T.A. Kurniawan, W.H. Lo, G.Y. Chan, Physico-chemical treatments for
removal of recalcitrant contaminants from landfill leachate, J. Hazard.
Mater. B129 (2006) 80-100.

[5] M. MadhavaRao, A. Ramesh, G. Purna Chandra Rao, k. Seshaiah, Removal

of copper and cadmium from the aqueous solutions by activated car-

bon derived from Ceiba pentandra hulls, J. Hazard. Mater. B129 (2006)

123-129.

A.S. Ozcan, A. Ozcan, Adsorption of acid dyes from aqueous solu-

tions onto acid-activated bentonite, J. Colloid Interface Sci. 276 (2004)

39-46.

T. Vengris, R. Binkiene, Sveikauskaite, Nickel, copper and zinc removal

from waste water by a modified clay sorbent, Appl. Clay Sci. 18 (2001)

183-190.

B. Lothenbach, G. Furrer, R. Schulin, Immobilization of heavy metals

by polynuclear aluminuim and montmorillonite compounds, Environ. Sci.

Technol. 31 (1997) 1452-1462.

[9] E. Jamoussi, Etude géologique et géotechnique des substances minérales
utiles de la région de Gafsa (Sud de la Tunisie), minéralogie, géochimie et
application industrielle. These de doctorat de spécialité en géologie. Faculté
des sciences de Tunis. (1991) 298.

[10] P.W. Schindler, F. urst, B.R. Dick, P.U. Wolf, Ligand properties of surface
silanol groups. 1. Surface complex formation with Fe**, Cu?*, Cd?* and
Pb2*, J. Colloid Interface Sci. 55 (1976) 469—475.

[11] A. Bin Jusoh, W.H. Cheng, W.M. Low, A. Nora’aini, M.J. Megat Mohd
Noor, Study on the removal of iron and manganese in groundwater by
granular activated carbon, Desalination 182 (2005) 347-353.

[12] P. Pushpaletha, S. Rugmini, M. Lalithambika, Correlation between surface
properties and catalytic activity of clay catalysts, Appl. Clay Sci. 30 (2005)
141-153.

[13] S. Caillére, S. Hénin, M. Rautureau, Minéralogie des argiles, Vol. I and II
(1982) Masson.

[14] B. Baran, T. Ertiik, Y. Sarikaya, T. Alemdaroglu, Workability test method
for metals applied to examine a workability measure (plastic limit) for
clays, Appl. Clay Sci. 20 (2001) 53-63.

[15] M.F. Brigatti, A. Laurora, D. Malferrari, L. Medici, L. Poppi, Adsorption of
[Al(Urea)s]>* and [Cr(Urea)s]** complexes in the vermiculite interlayer,
Appl. Clay Sci. 30 (2005) 21-32.

[16] J.E. Gillot, Clay in Engineering Geology, Elsevier Science Publishers,
Amsterdam, 1987.

[17] R.E. Grim, Clay Mineralogy, McGraw-Hill Book Company, New York,
1968.

[18] N.Das,R.K.Jana, Adsorption of some bivalent heavy metal ions from aque-
ous solutions by manganese nodule leached residues, J. Colloid Interface
Sci. (2005) 254-262.

[19] R. Naséem, S.S. Tahir, Removal of Pb (II) from aqueous/acidic solutions
by using Bentonite as an adsorbant, Central Laboratory for Environmental
Analysis, Pakistan Environmental Protection Agency, Islamabad, Pakistan,
2001, pp. 3985-3988.

[20] O. Abollino, M. Acetob, M. Malandrinoa, C. Sarzaninia, E. Mentasti,
Adsorption of heavy metals on Na-montmorillonite. Effect of pH and
organic substances, Water Res. 37 (2002) 1619-1627.

[21] J.H. Potgieter, S.S. Potgieter-Vermaak, P.D. Kalibantonga, Heavy met-
als removal from solution by palygorskite clay, Miner. Eng. 19 (2006)
463-470.

[22] 1. Langmiur, The constitution and fundamental properties of solids and
liquids, J. Am. Chem. Soc. 40 (1918) 1361.

[23] K.G. Bhattacharyya, S. Sen Gupta, Pb (II) uptake by kaolinite and
montmorillonite in aqueous medium: influence of acid activation of the
clays, Colloids Surf. A Physicochem. Eng. Aspects 277 (2006) 191-
200.

[24] D. Ghosh, K.G. Bhattacharyya, Adsorption of methylene blue on kaolinite,
Appl. Clay Sci. 20 (2001) 295-300.

[6

[y

[7

—

[8

—_



	Lead removal from aqueous solutions by a Tunisian smectitic clay
	Introduction
	Materials and methods
	Preparation of the adsorbents
	Adsorbate
	Instrumental
	Batch adsorption experiments

	Results and discussion
	Characterization of AYD clays
	Effect of acid and thermic activation on the adsorption process
	Effect of various operating parameters on lead removal
	Effect of shaking time
	Effect of adsorbent amount
	Effect of pH
	Effect of Pb2+ concentration

	Adsorption isotherm
	Comparative study of lead adsorption with sulphuric acid activated clay and activated carbon

	Conclusions
	References


