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ABSTRACT: A good understanding of adsorption equilibrium and thermodynamics is required to design and
operate an adsorption process. This study was conducted to assess the adsorption percentage of Pb2+ ions as
a function of contact time, solution pH and temperatures, and adsorbent dosage through a series of batch
experiments. The methods including zeta potentials, specific surface area measurements and the analysis of
adsorption kinetics thermodynamics were introduced to analyze the adsorption mechanisms of the Pb2+ ions
on sepiolite and zeolite minerals. Results showed that the sorption of Pb2+ on Iranian sepiolite and zeolite is
a relatively fast process with the equilibrium being attained within 6 hours after the sorbents application.
Sepiolite and zeolite yield adsorption capacities (Qe) was found to be 30.5 and 24.4 mg/g for lead ions,
respectively. The results also showed that the adsorption of lead metal ions onto sepiolite and zeolite minerals
increased with contact time, solution pH, and the amount of adsorbent; but decreased as the temperature of the
system increased. The experimental data fitted very well the pseudo-second- order kinetic model. The
thermodynamics parameters such as Gibbs free energy, enthalpy, and entropy were also evaluated. The
negative values of enthalpy (ΔH°) illustrated the exothermic nature of Pb2+ sorption. The activation energy
(Ea) of Pb2+ sorption onto the sepiolite (17.00 kJ/mol) and zeolite (7.60 kJ/mol) indicated that Pb2+ ions were
more strongly sorbed onto sepiolite than zeolite.
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INTRODUCTION
Environmental pollution from industrial waste

streams is one of the hot topics of environmental
sciences (Huang et al., 2011; Liang et al. 2013).
Industrial waste streams frequently contain high levels
of heavy metals; thus, in order to avoid water pollution,
treatment is needed before disposal (Kocaoba and
Akyuz, 2005). Lead is one of the most toxic heavy metals
being released into the environment from battery
manufacturing, acid metal plating and finishing,
ammunition, tetraethyl lead manufacturing, ceramic and
glass industries, printing, painting, dying, etc (Wang
et al., 2007). Lead poisoning in human causes severe
damage to the kidney, central nervous system,
reproductive system, liver, basic cellular processes and
brain functions (Wang et al., 2007). The toxic symptoms
are anemia, insomnia, headache, dizziness, irritability,
weakness of muscles, hallucination and renal damages
(Naseem and Tahir, 2001).Due to the relative simplicity
of application, adsorption techniques can be considered

as a useful method for removing dissolved heavy
metals from liquid wastes (Potgieter et al., 2006).
However, the main disadvantage of the adsorption
technique is the high price of the adsorbents (e.g.
activated C), which increase the price of wastewater
treatment. Because of the abundance and low price of
natural mineral sorbents, their usage for wastewater
treatments is increasing (Huang et al., 2011; Hojati
and Landi, 2013).

Sepiolite and zeolite are clay minerals widely
distributed in arid and semiarid regions of the world
(Singer, 1989). Sepiolite is a fibrous hydrated
magnesium silicate and a natural clay mineral
comprised of two tetrahedral silica sheets enclosing a
central magnesia sheet. The silica sheets are
segmented and inversion of silica sheets gives rise to
tunnels in the structure. These characteristics make
sepiolite a powerful adsorbent for heavy metals. In
addition, isomorphic substitutions in the tetrahedral
sheets of the lattice of the sepiolite, such as Al3+ for
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Si4+, form negatively charged adsorption sites, which
are occupied by exchangeable cations that compensate
for the electrical charge (Murray, 2000; Galan, 1996).

The primary building block of zeolite is the
tetrahedron, the center of which is occupied by a
silicon or aluminum atom, with four atoms of oxygen at
the corners. The ion-exchange capacity is basically a
function of the degree of substitution of aluminum for
silicon in the framework structure. The greater the
substitution, the greater the charge deficiency, and the
greater the number of cations required for electrical
neutrality (Bernal and Lopez-Real, 1993; Wang and
Peng, 2010).

Based on the above structural characteristics, both
zeolite and sepiolite are capable of exchanging ions
with external media. Previous studies showed that both
sepiolite (Brigati et al., 1996; Brigati et al., 2000; Bektas
et al., 2004; Liang et al., 2013) and zeolite (Ahmed et
al., 1998; Zou et al., 2006; Inglezkias et al., 2007; Yang
et al., 2011; El-Makkawi and Salim, 2014) can retain
significant amount of Pb2+ ions from aqueous solutions.
The main core of these studies is that parameters such
as ionic strength, pH, metal ions concentration and
size, as well as the concentration of other adsorbing
species and complexing ions or ligands play key roles
in the adsorption process. However, for the process
design and control of adsorption systems, it is
important to understand the underlying mechanism
that results in the dynamic behavior of the system. As
a result, the study of the kinetics and thermodynamics
of the adsorption process can provide such valuable
information (Adebowale et al., 2008; Boparai et al.,
2011). Due to the abundance and low cost of the
minerals sepiolite and zeolite in arid and semi-arid

regions of the world (e.g. Iran), along with their chemical
and mechanical stability, they can be used to remove
hazardous materials from waste waters (Wang et al.,
2008; Kragovic et al. 2012). Although efficiency of
natural zeolite and sepiolite for heavy metals removal
is well known; little information is available about the
Iranian counterparts and no comparative study was
carried out to investigate the ability of sepiolite and
zeolite to remove Pb from aqueous solutions. This
study aims to (1) investigate the influence of factors
such as contact time, initial pH of suspension,
suspension temperature, and dose of adsorbents on
removal capacity of sepiolite and zeolite for lead ions,
(2) compare removal efficiency of zeolite and sepiolite
minerals for lead ions, (3) determine thermodynamic
parameters of the Pb sorption reactions, and (4)
investigate the effects of temperature on the kinetics
of Pb sorption onto zeolite and sepiolite.

MATERIALS & METHODS
Sepiolite and zeolite samples used in this study

were taken from two mines in Fariman and Semnan
regions, northeastern and central Iran, respectively.
The chemical composition and physicochemical
characteristics of the minerals used in this study are
given in Table 1.

The mineralogical composition of the samples was
determined by a Philips PW 1840 X-ray diffractometer,
and the semi-quantitative analysis was based on the
XRD pattern of non-oriented powder sample using the
method described by Schultz (1965) (Fig. 1). Total
elemental analysis of sepiolite and zeolite minerals was
determined using X-ray Fluorescence Spectrometer,
Bruker S4 Pioneer. The specific surface area and cation

Table 1. Chemical composition and physicochemical properties of sepiolite and zeolite samples (20-53 µm)
employed in the study.

Property Sepiolite Zeolite 
Chemical Composition 
SiO2 (%) 55.32 68.85 
Al2O3 (%) 0.30 10.34 
MgO (%) 15.73 0.59 
Na2O (%) 0.02 4.71 
K2O (%) 0.01 2.33 
TiO2 (%) 0.02 0.18 
MnO (%) 0.00 0.00 
CaO (%) 2.74 0.27 
P2O5 (%) 0.00 0.01 
Fe2O3 (%) 0.59 1.21 
SO3 (%) 0.00 0.00 
LOI (%) 25.11 10.13 
Total (%) 99.84 98.61 
Physicochemical characteristics 
Specific surface area (m2/g) 179.9 39.9 
Specific total volume pore (cm3/g) 0.378 0.154 
Cation exchange capacity (cmol (+)/kg) 11.8 163.1 
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exchange capacity of the samples were measured by
N2-BET sorption analysis and NH4-acetate method,
respectively. All chemicals employed in this study were
analytical grade with no pretreatment.

Since there is no experimental method for
determining both the surface potential and stern layer
potential, the zeta potential is the measurable surface
potential at the shear plane between the particle and
the surrounding liquid (Kara et al. 2003). Accordingly,
the zeta potentials of sepiolite and zeolite suspensions
were measured as a function of equilibrium pH ranging
from 2-10 using a ZEN 3600 equipped with a
microprocessor unit. The unit automatically calculates
the electrophoretic mobility of the particles and
converts it to the zeta potential. A suspension of 0.1 g
sepiolite or zeolite in 80 mL distilled water, was shaken
in an orbital shaker incubator and rinsed for 24 h at
20±1 C. The average of 5 measurements was used to
represent the measured potential. The applied voltage
during the measurements varied from 50 to 150 mV
(Demirbas et al., 2007).

Batch adsorption is a simple technique commonly
used to assess the adsorptive capacities of natural and
synthetic sorbents. Aside from the ease of
manipulation, it helps obtain information about the
efficiency of a given sorbent to remove adosrbate(s) in
static conditions (Sdiri et al., 2012). The experiments
were performed to investigate the effect of initial pH of
solution (2, 3, 4, 5, 6, 7, 8, and 9), dose of sorbents (2, 4,
8, 16, and 20 g /l), contact time (5, 10, 20, 30, 60, 120, 240,
480, 720, 1440, and 2880 minutes) and temperature (20,
30 and 40 ºC), on the adsorption process.

In order to investigate the effects of initial pH of
solution on the percentage of removal of Pb from
aqueous solutions, a constant mass of sepiolite or

zeolite (as adsorbent) (0.1 g) and 50 ml of 300 mg/l
concentration of Pb solution (after adjustment of its
pH to the desired value using dilute NaOH and HCl
solutions) was added to 80 ml polypropylene centrifuge
tubes. The mixtures were shaken vigorously on an
orbital shaker (200 rpm) at 2880 minutes. The bottles
were removed from the shaker and centrifuged at 2500
rpm for 25 min. Then, Pb concentration in the
supernatants was measured using a Savaant GBC
Atomic Absorption Spectrophotometer (AAS). The
detection limit of AAS machine for Pb was 9 ppb.

The above experiments were also carried out in
varying contact times and temperatures (in a
thermostatic shaker bath) and adsorbent dose while
keeping all other parameters constant.

The blank experiments were simultaneously carried
out without addition of adsorbent to test possible
adsorption and/or precipitation of Pb onto the container
walls. Preliminary experiments showed that metal losses
due to the adsorption onto the container walls were
negligible.

The amount of Pb (II) adsorbed onto sepiolite and
zeolite minerals was calculated from the difference
between the initial and the residual concentration in
solution as follows:

 
M
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where C0 and Ce (mg/l) are the initial and ûnal
(equilibrium) concentrations of Pb, respectively, V (ml)
is the volume of solution and M is the mass of sorbent
(mg). All measurements were carried out with three
replications.

Satisfactory conformity between experimental data
and the model predicted values was assessed using

Fig. 1. XRD pattern analysis of sepiolite and zeolite minerals used in the study (S: sepiolite; D: Dolomite; Q:
Quartz; C: Clinoptilolite).
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correlation coefficient (r2) and non-linear Chi-square
(χ2) criteria. The χ2values were calculated from Eq. (2):
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where, Qe and '
eQ  are observed and model estimated

amounts of Pb which sorbed at equilibrium (mg/g),
respectively; and n is the number of measurements. If
model estimated data are similar to those of the
experimental data, χ2 would be small and if they differ, it
would be large.

A number of kinetic models have been described
to find suitable mechanism explaning solid/liquid
adsorption systems, in which pseudo first-order and
pseudo second- order kinetic models are the two most
widely applied models. These two kinetic models were
used to correlate experimental data for the adsorption
process of Pb (II) on sepiolite and zeolite.

Pseudo-first-order equation (Eq. 3) is the most popular
kinetics equation. The equation assumes that the number
of metal ions outnumbers the number of adsorption sites
on clay surface. The differential form of equation is:

)(1 te QQK
dt
dQ

                                                         (3)

After definite integration by applying the
conditions Qt =0 at t = 0 and Qt = Qt at t = t, Eq. (3)
becomes the following (Lagergren, 1898):

tKLnQQQLn ete 1)(                                               (4)

where t and K1 are the time and rate constant of the
equation (1/min), respectively. The adsorption rate
constant K1, can be determined experimentally by
plotting of )( te QQLn  versus t.
The second-order equation (Eq. 5) is in the following
form:
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The differential equation is as follows:
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After definite integration by applying the conditions
Qt =0 at t = 0 and Qt = Qt at t = t, Eq. (6) becomes the
following (Ho and McKay, 1999):
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When this is linearized, it gives:
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where K2 (g/mg min) is the rate constant of the
second-order equation and can be determined from the
slope and intercept of the plot 

tQ
t versus t (Eq. 8).

The activation energy of Pb2+ adsorption on
sepiolite and zeolite minerals was calculated using
Arrehenius equation as expressed below:

k2 = k exp (-Ea/RT)                                                      (9)

where k is the temperature-independent factor (g /
mg min), Ea the activation energy of sorption (KJ/ mol),
R the universal gas constant (8.314 J /mol K) and T the
solution temperature (K).

Rate constants of Pb adsorption on sepiolite and
zeolite minerals were determined at 20, 30 and 40 0C
using the pseudo- second order kinetic model. Then
using Arrhenius equation parameters, adsorption type
and the temperature independent rate parameters were
determined. A plot of ln k2 versus 1/T yields a straight
line, with slope –Ea/R.

Thermodynamic parameters of sorption including
Gibbs free energy (ΔG0), change in enthalpy (ΔH0) and
change in entropy (ΔS0) were calculated using the
following equations (Eqs. 10-12:

ΔG0
 = -RT ln K0                                                           (10)

Ln K0 = ΔS0/R- ΔH0/RT                                               (11)

K0 can be defined as:

K0 = Csolid / Cliquid                                                          (12)

where Csolid is the amount of Pb adsorbed by
sepiolite or zeolite at equilibrium and Cliquid is the equi-
librium concentration of Pb in solution. According to
Eq. (11), ΔS0 and ΔH0 parameters can be calculated
from the slope and intercept of the plot of Ln K0 ver-
sus 1/T, respectively.

RESULTS & DISCUSSION
The pH of solution is one of the most important

parameters affecting metal adsorption onto adsorbents.
The effect of pH on the removal efficiency of Pb (II) by
sepiolite and zeolite particles is presented in Fig. 2.
The adsorption of Pb (II) ions onto the both minerals
is lowest at pH = 3, but increases with an increase in
pH of the solution. The low adsorption percentage of
Pb2+ at lower pH values could be explained by the
competition between H+ and Pb2+ ions on the available
exchange sites of the minerals (Sari et al., 2007; Wang
et al., 2008).

In general, protons can mainly compete with metal
cations for sorption variable charge sites (Eloussaif
and Benzina, 2010; Hojati and Landi, 2013). Due to
their structure and morphology, Sepiolite and zeolite
have a great number of terminal silica tetrahedrons
present in their external surfaces and consistently a
great number of silanol groups (Kocaoba and Akyuz,
2005). At low pH values (pH 2–6), the low adsorption
observation could be attributed to the increase in
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positive charge density on the surface sites of sepiolite
and zeolite minerals and thus, electrostatic repulsion
occurs between Pb2+ ions and the edge groups with
positive charge (Si- OH2

+) on the surface of zeolite and
sepiolite particles as follows:

Si-OH + H+ --> Si-OH2
+                                               (13)

Si-OH + OH- --> Si-O- + H2O                                       (14)

Furthermore, at low pH values, where there is an
excess amount of H3O

+ ions in the solution, competition
between the positively charged hydrogen ions and
the lead ions for the available adsorption sites on the
clay surfaces increases. Therefore, the efficiency of
removal by both sepiolite and zeolite minerals
decreases. Therefore, the decrease in sorption with
the decrease in pH has to be mainly attributed to the
suppression of sorption on these groups.

The sepiolite and zeolite used in this study have
an experimental PZC of 6.4 and 5.9, respectively (Fig.
3). Therefore, at a pH value above their PZC, the net
charge on sepiolite and zeolite becomes negative while
at a pH value below their PZC the net surface charge
becomes positive (Eqs. 13 and 14). Based on this, the
negative charges increase with the increase in the
solution pH. Hence, the adsorbent gains a high charge
resulting from the spread of isomorphous substitution
in tetrahedral and octahedral sheets for sepiolite and
zeolite. It could also be concluded that both sepiolite
and zeolite particles have a higher adsorption affinity
to adsorb metal cations at high pH values. As the pH
increases and the balance between H3O

+ and OH”

becomes equal, more of the positively charged metal
ions in the solution are adsorbed on the negative clay
surface and; thus, the removal percentage of the metal
ions increases. Heavy metal ions tend to form a
precipitate at pH higher than 6.0, and therefore the
adsorption of Pb2+ ions by both zeolite and sepiolite
minerals are difficult to quantify at pH values higher
than 6.0; the “true” adsorption at this pH is masked by
precipitation (McKay et al., 1985).

The amount of adsorbent is an important factor,
which determines the sorption capacity of an adsorbent
for a given initial concentration of adsorbate (Chen
and Wang, 2007, Hamidpour et al., 2010; Hojati and
Khademi, 2013). The influence of sepiolite and zeolite
dosage on the removal efficiency of Pb is given in Fig.
4. As expected, the removal percentage of Pb increases
as the amount of the sepiolite and zeolite increases.
With increasing adsorbent dosage, more surface area
is available for adsorption due to increase in active
sites on the adsorbent and thus making penetration of
metal ions to the sorption sites easier (Kaya and Ören,

Fig. 2. Effect of the initial pH of suspension on the
percentage removal of Pb2+ ions.

 
Fig. 3. Zeta potential of sepiolite and zeolite
particles as a function of equilibrium pH.

 

Fig. 4. Effect of sepiolite and zeolite dose of
application on percentage removal of Pb2+ ions.
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2005; Sari et al. 2007). The results also clearly indicate
that the removal efficiency of lead ions by both sepiolite
and zeolite minerals increases up to the optimum
dosage beyond which the removal efficiency is
negligible. Contact time is an important parameter
because it can reflect the adsorption kinetics of an
adsorbent for a given concentration of the adsorbate
(Wang et al., 2007). Fig. 5 shows the effect of contact
time on the adsorption capacity of sepiolite and zeolite
for Pb(II) ions. This Figure shows that the adsorption
capacities of zeolite and sepiolite for Pb(II) ions increase
with a rise in the contact time, indicating that the
adsorption process is highly time dependent (Potgieter
et al., 2006; Sdiri et al., 2012; Hojati and Landi, 2013).

Kinetic studies also indicated that Pb (II)
adsorption was characterized by a rapid initial
adsorption (with about 80% of the adsorption capacity
realized within 1 h) followed by a much slower,
continuous uptake. A 6 hour contacting period was
found to be sufficient to achieve equilibrium and that
further increase of the contact duration did not

influence the sorption process (Kubilay et al., 2007;
Gupta and Bhattacharyya, 2011).

Predicting the kinetic models for a given adsorption
process is probably the most important factor in
adsorption system design (Gupta and Bhattacharyya,
2011). The theoretical Qe (calculated) values estimated from
the pseudo-first order model gave significantly different
values compared to experimental values, the correlation
coefficients being also low (Table 2). These results
showed that the pseudo-first order kinetic model did not
describe the sorption systems well (Fig. 6 and 7). The
correlation factors are high for the adsorption of Pb2+

cations onto the sepiolite and zeolite. Moreover, the
values of Qe (calculated) estimated from the pseudo-second
order model are close to those experimentally found (Table
2). Therefore, it could be suggested that the adsorption
of Pb2+ ions onto both sepiolite and zeolite minerals
follows the pseudo-second order model better than the
pseudo-first order one. Our findings are in agreement
with the results reported by other workers (Aytas et al.,
2004; Dragan and Dinu, 2009; Humelnico et al., 2011).

Fig. 5. Effects of contact time and suspension temperature on the adsorption capacity of sepiolite and zeolite
particles for Pb2+ ions.

Table 2. Rate constants of Pb adsorption on sepiolite and zeolite particles as estimated from the pseudo first-
and second-order kinetic models at different temperatures.

Temp. 
(°C) 

Qe 

(Experiment)
 

(mg/g) 

Pseudo first-order Pseudo second-order 

K1 
(1/min) 

Qe (calculated) 
(mg/g) R2 χ2 

K2 
(g/mg 
min) 

Qe 

(calculated) 
(mg/g) 

χ2 R2 

Sepiolite 
293.15 30.5 0.0046 11.29 0.870 32.68 0.0032 31.25 0.018 0.999 
303.15 27.6 0.0023 10.69 0.827 26.74 0.0039 28.57 0.032 0.999 
313.15 23.0 0.0046 7.46 0.788 32.37 0.0050 23.80 0.026 0.999 
Zeolite 
293.15 24.4 0.0046 8.12 0.842 32.64 0.0045 25.00 0.014 0.999 
303.15 23.2 0.0023 8.33 0.797 26.54 0.0050 23.80 0.015 0.999 
313.15 21.0 0.0046 7.43 0.749 24.78 0.0055 21.27 0.003 0.999 
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The maximum adsorption capacities (Qe) calculated
from the pseudo-second order kinetic model is
comparable with those reported in literature (Table 3).
The dissimilarities are due to the type of sepiolite and
zeolite we used, and due to the preparation process
which was different from other studies. Also, the
experimental conditions employed in this study, such
as Pb concentration, background solution composition,
pH values, size of sorbents and the temperatures were
different from those employed in other studies.

As Fig. 5 shows, by increasing temperature from
20 to 40 0C, the adsorption capacities of sepiolite and
zeolite particles for the lead ions decrease, indicating
that at elevated temperatures less metal sorption onto
the minerals takes place. The decrease in the removal
efficiency of Pb2+ions with the rise in temperature was
probably due to an increase in desorption of Pb2+ions
from the minerals interface to the solution. This also
confirms that at high temperatures adsorption of
Pb2+onto sepiolite and zeolite could be considered an

Fig. 6. Pseudo first-order plots for the removal of Pb2+ ions using sepiolite and zeolite at different
temperatures.

Fig. 7. Pseudo second-order plots for the removal of Pb2+ ions using sepiolite and zeolite at different
temperatures.

Table 3. Comparison of the maximum adsorption capacities (Qe) of Pb on different clays.

Clays Qmax (mg/g) References 
Fariman sepiolite 31.5 This Study 
Semnan zeolite 25.3 This Study 
Wyoming bentonite 31.1 Gupta and Bhattacharyya (2008) 
Georgia kaolinite 11.5 Gupta and Bhattacharyya (2008) 
Zeolite 27.7 Sprynskyy et al. (2006) 
Palygorskite 62.1 Potgieter et al. (2006) 
Turkish sepiolite 93.4 Bektas et al. (2004) 
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exothermic phenomenon (Eloussaief and Benzina, 2010;
Saltali et al., 2007). At all the temperatures, sorption of
Pb2+ ions by sepiolite particles was greater than that
by zeolite. The greater adsorption capacities of
sepiolite particles could be attributed to its greater
specific surface area and more pore volume compared
to that of zeolite (Table 1). In order to fully understand
the nature of adsorption, the thermodynamic
parameters were calculated (Table 4; Figs. 8 and 9).
The Gibbs free energy (ΔG0) indicates the degree of
spontaneity of the adsorption process and the lower
values reflect a more energetically favorable adsorption
process.  The lower values of ΔG0 for the adsorption

of lead ions onto sepiolite in comparison to that of
zeolite (Table 4; Figs. 8 and 9) indicate a more
spontaneous nature of lead sorption by sepiolite than
zeolite. Moreover, the values of ΔG0 become less
positive with decreasing the temperature. This shows
that the removal process is favoured by decreasing
the temperature. Moreover, the values obtained from
the sepiolite-lead system are less than those obtained
from zeolite-lead system, which suggests that, the
removal process of lead ions is mostly favored by
sepiolite particles especially at lower temperatures. The
negative value of ΔH0 confirms that the sorption
process was exothermic in nature and a given amount

Fig. 8. Relationship between pseudo-second order rate constants (K2) and absolute temperature (T) of Pb
adsorption on sepiolite and zeolite.

Fig. 9. Determination of thermodynamic parameters for the sorption of Pb2+ ions onto sepiolite and zeolite
particles.

Table 4. Thermodynamic parameters for the sorption of lead onto sepiolite and zeolite.

Mineral ΔH0 (KJ/mol) ΔS0 (J/mol K) ΔG0 (KJ/mol) 
293.15 K 303.15 K 313.15 K 

Sepiolite -13.04 -36.40 3.33 3.76 4.45 
Zeolite -6.70 -55.70 3.99 4.28 4.73 
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of heat is evolved during the binding Pb2+ ions on the
surface of adsorbents. Enthropy (ΔS0) has been defined
as the degree of chaos of a system. The more negative
values of ΔS0, the more decrease in degree of
randomness at solid/liquid interface during the
sorption process (Boparai et al., 2011; Sheikhhosseini
et al., 2014). The ΔG0 parameter of lead adsorption by
sepiolite and zeolite was found to be -36.40 and -55.70
J/mol K, respectively. This implies that Pb2+ ions in
aqueous solution of zeolite treated samples were in a
much more chaotic distribution compared to the
relatively ordered state of solid phase at the surface of
adsorbents (Sari et al., 2007).  The magnitude of the
activation energy is commonly used for differentiating
between physical and chemical adsorption. Physical
adsorption reactions, i.e. diffusion-controlled transport
and electrostatic attractions, are readily reversible,
equilibrium is attained rapidly and thus energy
requirements are small, ranging from 5 to 40 KJ/ mol
(Boparai et al., 2011). Chemical adsorption is specific,
involves stronger forces and thus requires larger
activation energies (e.g., 40 –800 KJ/mol) (Boparai et
al., 2011). The activation energies for Pb adsorption
onto sepiolite and zeolite particles were 17.00 and 7.66
KJ/mol, respectively; suggesting that Pb ions were
physically adsorbed onto sepiolite and zeolite surfaces
(Boparai et al., 2011). The lower activation energy (Ea)
for zeolite compared to sepiolite indicates that Pb was
more strongly sorbed onto sepiolite.

CONCLUSIONS
The results showed that both sepiolite and zeolite

clays can be used to remove Pb2+ ions from aqueous
solutions and sorption of Pb2+ ions onto sepiolite and
zeolite is temperature dependent. The adsorption ca-
pacity of both sepiolite and zeolite minerals for Pb2+

ions increases with increasing contact time and pH, but
decreases as temperature increases. Furthermore, the
adsorption capacity of Pb2+ ions was greater on sepiolite
than it was on zeolite. Results obtained from the kinetic
studies showed that the sorption of Pb2+ ions onto both
sepiolite and zeolite paricles is a relatively rapid process
and can be described well with the pseudo-second-or-
der model. Thermodynamic studies showed that sorp-
tion of Pb2+ ions onto  both  sepiolite and zeolite miner-
als is an exothermic process and the lower ΔG0 values
for the sorption of lead ions onto sepiolite as compared
to those of zeolite indicated more spontaneous adsorp-
tion of lead ions onto sepiolite.
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