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ABSTRACT

In this research, the ability of natural zeolite clinoptilolite to remove lead from aqueous
solutions has been investigated in batch adsorption experiments. Adsorption tests of Pb(II)
were carried out using a solid to liquid ratio of 20 g/L and agitation speed of 700 rpm.
The effects of particle size of the minerals (75-250 mm), solution concentration (100-1,200
ppm), initial pH (2-7), contact time (30-180 min) and temperature (30-75 °C) were examined.
Experimental data obtained from batch equilibrium tests have been analyzed by Langmuir
and Freundlich isotherm models. It was found that over 95% of the initial Pb(II) amount for
solution containing 800 ppm was removed in the 120 min and the optimum pH value of
solution to be treated for adsorption was found to be 7. In adsorption studies, residual heavy
metal ion concentration reached equilibrium in short duration of 30 min for initial Pb(II)
concentration of 100 and 300 ppm. Maximum adsorption capacity, 58.73 mg Pb(II)/g zeolite
at 75 °C, showed that this adsorbent was suitable for lead removal from aqueous media.
Adsorption phenomena appeared to follow Langmuir and Freundlich isotherms. The results
show that there is a good fit between the experimental data and empirical isotherms.
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1.INTRODUCTION

Industrial wastewaters, which have
heavy metals, are an important source of
environmental pollution. Pb, Cd, Cu, Hg, Cr,
Ni, and Zn are the main trace elements that
are the most harmful for public health. These
toxic metals are released into the environment
in a number of different ways. Coal combus-
tion, automobile emissions, mining activities,
sewage wastewaters, and the utilization of
fossil fuels are just a few examples [1]. Lead

has been found to be acute toxic to human
beings when present in high amounts (e.g. >15
mg/L in drinking water). Lead is known to
damage the kidney, liver and reproductive
system, basic cellular processes and brain
functions. The toxic symptoms are anemia,
insomnia, headache, dizziness, irritability,
weakness of muscles, hallucination and renal
damages [2].

The optimization of wastewater
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purification processes requires a development
of new operations based on low cost raw
materials with high pollutant-removal
efficiency. The complexity of effluents makes
the process of heavy metals removal more
difficult, as well as strict limitations that have
been imposed to wastewater discharge
everywhere in aquatic recipients. Among the
methods such as precipitation, oxidation,
ultrafiltration, reverse osmosis and electro-
dialysis, ion exchange on natural zeolites seems
to be more attractive method. Natural zeolites
have been intensively studied recently because
of their applicability in removing trace
quantities of heavy metal ions from aqueous
solutions by utilizing the ion exchange
phenomenon [3,4]. Natural zeolites are low
cost aluminosilicates, with a cage-like structure
suitable for ion exchange due to isomorphous
replacement of AI’" with Si** in the structure,
giving rise to a deficiency of positive charge
in the framework. This is balanced by mono
and divalent exchangeable cations such as Na®,
Ca®", K" and Mg*". These cations are
coordinated with the defined number of water
molecules and located on specific sites in
framework channels. Among natural zeolites,
clinoptilolite is the most abundant and
commonly used as ion exchanger or sorbent
for inorganic or organic compounds. The
specific structure of the clinoptilolite, consisting
of a two-dimensional system of three types
of channels (ten-member and eight-member
rings) that are occupied by exchangeable alkali
and alkaline earth metal ions, is responsible
for its ion exchange and molecular sieve
properties [5].

Although the large number of different
studies on the removal of lead from aqueous
solutions using zeolite, every special zeolite
material requires individual research. The
objectives of the present work describe the
batch adsorption characteristics of Pb on
clinoptilolite at various operational conditions
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such as pH, temperature, contact time and
initial metal concentration. Effect of particle
size on adsorption is also investigated.
Experimental data have been analyzed by
adsorption isotherms.

2. MATERIALS AND METHODS
2.1 Adsorbent and Solutions Preparation

The natural zeolite used was obtained by
Pesticide Free Agriculture Association, in
Thailand. Clinoptilolite 75-250 mm was used
in this study. A sample of mineral was treated
with 0.5 M NaCl solution for 24 h under slow
stirring. The sodium treated zeolite was washed
several times with deionized water to remove
excess sodium ions from zeolite. It was dried
for 24 h at 60 °C in an oven before starting
the experiments. All chemicals used were
analytical grade reagents (Merck, >99% purity).
Stock solutions of metals were prepared in a
concentration of 2,000 ppm using nitrate salts
dissolved in deionized water with a resistant
value of 17 M. The chemicals used in the
batch experiments were nitrate solutions of
Pb(NO,),.

Batch mode adsorption isotherm was
carried out at 30 °C. An amount of 2.0 g
clinoptilolite was introduced into conical flasks
with 100 mL of lead solution. The flasks were
placed in a thermostatic shaker and agitated
for 30-180 min at a fixed agitation speed of
700 rpm. Samples were taken periodically for
measurement of aqueous phase of lead
concentrations. The pH of metal solutions was
appropriate adjusted by using HNO, or
NaOH. Adsorption
performed for initial Pb(II) concentrations of
100-1,200 ppm. The Pb(Il) concentration of
the samples was determined by using a Varian

isotherms were

Liberty 220 inductive coupled plasma
emission spectrometer (ICP-ES).

2.2 Characterization of Adsorbent
Identification of crystal structure
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parameters of the zeolite was obtained by X-
ray diffraction (XRD). The XRD pattern was
acquired on a Philips Analytical PW 3710
Based generator X-ray diffractometer using
CuKa radiation (2q = 5-80°). The chemical
compositions of the zeolite were determined

through X-ray fluorescence spectroscopy
(XRF: EDX Oxford Model ED2000).

2.3 Determining the Amount of Metal Ion
Removal

The amount of adsorbed Pb(II) ions (mg
metal ions/g zeolite) was calculated from the
decrease in the concentration of metal ions in
the medium by considering the adsorption
volume and used amount of the zeolite:

(1)

Here q_ is the amount of metal ions
adsorbed into unit mass of the zeolite (mg/
g) at equilibrium, C is the concentration of
the metal ions in the initial solution (ppm), C,
is the concentration of the metal ions in the
final solution (ppm), m is the amount of
zeolite used (g), V is the volume of metal
solution (L) and S is the slurry concentration
(/1.

The influence of a specific process
parameter was determined by calculating
Pb(I) uptake by zeolite and changing that
parameter and keeping other parameters
constant. Uptake efficiency was calculated
using the equation:

(2

2.4 Adsorption Isotherms

Adsorption isotherms for lead ions
removal by zeolite in terms of Langmuir and
Freundlich models were expressed mathema-
tically. The obtained experimental data here
are expectedly well fitted with the linearized
form of Langmuir and Freundlich models.
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Basic assumption of Langmuir isotherm
is that adsorption takes place at specific
homogeneous sites within the adsorbent.
Langmuir isotherm [16,17] can be represented

as:

-0

The empirical constants K, and a for
Langmuir model are related to the adsorption
maximum (L/g) and bonding strength (L/
mg), respectively.

Freundlich isotherm assumes heteroge-
neous surface with a nonuniform distribution
of heat of adsorption. Freundlich isotherm
[17,18] is given as:

(&)

The empirical constants K (mg/g) and
n (g/L) are the constants for Freundlich
model.

3. RESULTS AND DISCUSSION
3.1 Analysis of Adsorbent

The chemical compositions of the tested
zeolite sample are presented in Table 1. The
major mineralogical component is
clinoptilolite with quartz, gypsum, amorthite
and montmorillonite as main impurities.
According to the XRD pattern shown in
Figure 1, the zeolite is identified as clinoptilolite
and its characteristic peaks were recognized
[6]. The solid also contained small amounts

of mica and clay minerals.

3.2 Effect of Initial Concentration

The kinetics of lead uptake by natural
process is presented in Figure 2. Experiments
conducted with different adsorption times
show that the amounts of Pb(ll) ions
adsorbed increase with the adsorption time
of metal ions. The slopes of the lines joining
the data points in the figure reflect the
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adsorption rates. As itis seen, high adsorption
rates were observed at the beginning and then
plateau values were reached. As seen from
Figure the increase in metal uptake is fast till
30 minutes and after that slow increase is
observed. Concentrations of Pb(II) found at
the end of the treatment were 0, 0.21, 30 and
166.44 ppm for initial metal concentration of
100, 300, 800 and 1,200 ppm, respectively.
Over 95% of the initial Pb(1I) amount for
solution containing 800 ppm was removed
in the 120 min. Then up to the third hour the
uptake increased only about 1%. And over
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80% of the initial concentration 1,200 ppm
was eliminated in the 120 min. Then up to
180 min the uptake increased only about 3%.
In a previous study, several adsorbents were
used for lead removal and several times are
reported as equilibrium adsorption time [7].
The adsorption rate obtained with the zeolite
seemed to be very satisfactory. Due to the
preference of short adsorption times for the
minimum energy consumption, clinoptilolite
can be accepted as an efficient adsorbent for
Pb(II) removal when its short adsorption time
is considered.

Table 1. Chemical compositions of clinoptilolite (on weight basis).

Oxide Si02 ZXIZO3 CaO KZO F6203 MgO NaZO Tio2 Zr02 LOI
wt % | 74.44 | 7.68 2.46 1.34 1.24 | 0.87 0.59 0.24 0.05 [ 11.09
[counts] - e S — —
GR8
2245
588 <
108 -
Clinoptilolite
9.89
388 - 30.00
288 -
188
e T L | L LR S S S B | T i
a 28 48 (11 [*2a1 aa

Figure 1. X-ray diffraction pattern of clinoptilolite showing the intensities in the region

20 = 5-80°.
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Figure 2. Effect of initial concentration on the kinetics of Pb(II) uptake by clinoptilolite.

3.3 Effect of Particle Size

To investigate the influence of zeolite
particle size on Pb(II) removal, tests were made
under the initial solution concentration of 800
and 1,200 ppm. The adsorption characteristics
of zeolite with respect to grain sizes are shown
that the using of clinoptilolite zeolite with finer
particles (75-150 mm) leads to an increase in
Pb(II) uptake or adsorption capacity. Applica-
tion of zeolite with more coarse particles
(150-250 mm) considerably decreases Pb(1l)
removal for solutions with higher Pb(1I)
concentration. Removal efficiency of zeolite
with finer particles was 90.18 and 49.6%, but
the uptake of clinoptilolite with more coarse
particles was 88.34 and 41.04% for initial
Pb(II) concentration 800 and 1,200 ppm,
respectively. This probably is due to the smaller
number of sites available for ion exchange
and adsorption [8,9].

3.4 Effect of Initial pH

The pH level of the aqueous solution is
an important variable for the adsorption of
metals on the adsorbents. The effect of the
pH on the metal adsorption by clinoptilolite
was studied for pH 2, 3, 5 and 7, where the
material exhibits chemical stability. Efficiency
of metal sorption depends on the pH level
of aqueous solution. The pH dependence of
Pb(II) adsorption onto zeolite is shown in
Figure 3. As it is seen in figure, q_is low at
low pH values. The value of q_ is increased
by increasing the pH value and reaches a
plateau at a pH value of 5 for initial
concentration of 800 ppm. It is apparent that
using solutions at pH values over 7 gives the
highest q_ values due to the precipitation
(precipitate of metal hydroxide) occurs during
ion exchange experiments by NaOH. It
revealed that the adsorption capacity is low at
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pH values below 5 because of the dissolution
of crystal structure and the competition
between the protons (H") and metal ions
(Pb(1I)) for the exchange sites on the zeolite
particle [8-10].

Metal adsorption decreases with the pH
decrease from 7 up to 2 due to competition
of hydrogen ions. As the pH level increases
the concentration of the hydrogen ions as

55

Chiang Mai J. Sci. 2008; 35(3)

competitors decreases and this leads to an
increase of the amounts of sorbed metals.
The amount of complex hydrated forms of
the metals increases with pH value increase
that also intensifies adsorption. Thus it is
possible to manage metal uptake from
aqueous solutions by changing the pH value
(11, 12].
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Figure 3. Effect of initial pH on the removal of Pb(1l) by clinoptilolite.

3.5 Effect of Temperature

From Figure 4, the amounts of adsorbed
lead onto the zeolite increase with an increase
in the temperature of heavy metal solution.
Raising the temperature from 30 to 60 °C
increases the value of q_ 50 and 58 mg/g for
initial concentration of 1,200 ppm. The
maximum adsorption capacities was calculated
as 58.73 mg Pb(II) /g zeolite at 75 °C, showed

that this adsorbent was suitable for heavy
metals removal from aqueous media.
Concerning the effect of temperature on
the adsorption process, the metals uptake is
favored at higher temperatures, since a higher
temperature activates the metal ions for
enhancing adsorption at the coordinating sites
of the minerals [13]. Also, it is mentioned that
cations move faster with increasing
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temperature. Likely explanation for this is that
retarding specific or electrostatic, interactions
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become weaker and the ions become smaller,

because solvation is reduced [14].
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Figure 4. Effect of temperature on the removal of Pb(II) by clinoptilolite.

3.6 Comparison of Adsorption Isotherms

In this study, the relationship between the
adsorbed and the aqueous concentrations at
equilibrium has been described by two-
parameter isotherm models (Langmuir and
Freundlich). In addition to the experimental
data, plotting the experimental data using Eqs.
(3) and (4) indicated that these models give
good fit for the data. It was determined that
the equilibrium removal of Pb(II) by the
clinoptilolite can be represented by the
following equations:

(5

.(6)

The experimental data for metal ions fit

well with the linearized Langmuir and
Freundlich isotherms. The values of isotherm
parameter obtained from the Langmuir
model were K, = 7.01 L/g and a = 0.153
L/mg. The empirical constants from
Freundlich model were K, = 13.6 mg/g and
n = 0.168 g/L. The comparisons of the
experimental values with the values of q,
obtained by both models are shown in Figure
5. They are seen from this figure, Langmuir
isotherms was well fitted with the experimental
data rather than Freundlich isotherms for
Pb(II) removal by zeolite. The correlation
coefficients for Langmuir isotherm (R* =
0.96) and Freundlich isotherm (R* = 0.92)
indicating that the LLangmuir and Freundlich

model can be applied to these sorbent systems
and shown good adsorption [8].
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Figure 5. Comparison of the experimental results with the q_values obtained by Langmuir
and Freundlich isotherms for Pb(Il) removal by clinoptilolite.

Table 2. Values of maximum adsorption capacities of some adsorbents of Pb(1l).

Adsorbent q, (mg/g) Source
Chitosan 16.36 Babel and Kurniawan [13]
Clay (Bentonite) 1-20 Babel and Kurniawan [13]
Zeolite 62-175 Babel and Kurniawan [13]
Activated Carbon 30 Babel and Kurniawan [13]
Phillipsite 104 Ali and El-Bishtawi [19]
Clinoptilolite 58.73 This Study

It was determined that best fitted
adsorption isotherm models considering the
relative errors were obtained for two-
parameter isotherms to be in the order of
prediction precision: Temkin, Dubinin-
Radushkevich, Langmuir and Freundlich

isotherms. Three-parameter isotherms have
higher regression coefficients (>0.99) and
lower relative errors (<5%) than two-
parameter isotherms. Comparing the values
of SSE, Aq, and r* obtained from the
adsorption models shows that the fitness
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between the experimental values and the
predicted values using the models were
generally very good for all three-parameter
isotherm models. However, the Sips and Toth
isotherms provided the best correlation for
raw and pretreated clinoptilolite, respectively
[15].

The values of maximum experimental
adsorption capacity of some adsorbents for
Pb(Il) were also given in Table 2 [13,19]. It
can be seen from the table, clinoptilolite used
in this study show a good adsorption capacity
for Pb(1l) ion in water.

4. CONCLUSIONS

In this study, the interaction between lead
ions and zeolite has been investigated. The
results indicated that several factors such as
particle size, solution concentration, pH,
temperature and contact time affect the
adsorption process. The physico-chemical
characteristics of wastewaters from varying
sources can be much more complex
compared to the aqueous metal solution used
in this study. Because of this, the effects of
other components of wastewaters on
commercial metal adsorption process should
be determined. However, this wotk can be
considered a preliminary study to conclude
that clinoptilolite is suitable and efficient
material for the adsorption of Pb(Il) from
aqueous solution. The experimental results
were a good fit with the adsorption isotherm
models.
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