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ABSTRACT: The aim of this study is to explore natu-
rally occurring sorbents that have high affinity for heavy
metal treatment. In this respect, series of polymer-clay
composite beads that consists of Na-alginate and montmo-
rillonite clay were prepared using CaCl2 as crosslinker.
The prepared composite bead was characterized by scan-
ning electron microscope (SEM). Removal of lead from
aqueous solution using this bead was then studied in
batch adsorption experiments. The amount of lead
removed was found to increase as the percent of Na-algi-
nate increase in the composite beads. The experimental
results also showed that the equilibrium contact time was
obtained within � 100 min with (t1/2) of 50% adsorption
in less than 10 min. Lead adsorption was found to be
strongly pH-dependent and display a maximum uptake
capacity (244.6 mg/g) at pH 6 and minimum uptake (76.6
mg/g) at pH 1. Maximum lead adsorption was found to
increase with increasing initial lead concentration in the
feed solution and with decreasing temperature of experi-
ment. Based on alginate-montmorillonite beads packed
columns, a highly efficient method for Pb(II) removal
from aqueous solution was developed. The effect of flow

rate on adsorption of 100 mg/L Pb(II) in the packed-bed
column was investigated by changing the flow rate
between 0.5 and 2.5 mL min�1. The recovery of 100 mg/L
Pb(II) in the packed-bed column was found to be 100% at
flow rates 0.5 and 1 mL min�1 then lowered to be 93%
and 84% at flow rates 1.5 and 2.5 mL min�1, respectively.
The effect of Pb(II) flow concentration ranging from 10 to
1000 mg/L on the adsorption of lead ions at constant
flow rate 1.0 mL min�1 was also studied using column
procedure. Technical feasibility for the uses of the pre-
pared composite beads for the treatment of actual pol-
luted wastewater samples collected from some industrial
cities in Egypt was investigated. The evaluation of the
system was performed by a complete analysis of heavy
metals in the wastewater samples before and after the
treatment process. The results showed a promising possi-
bility for producing wastewater of better quality using
such prepared beads. VC 2010 Wiley Periodicals, Inc. J Appl
Polym Sci 119: 2371–2378, 2011
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INTRODUCTION

Till recent years, the surge of industrial activities has
intensified more environmental problems as seen for
example in the deterioration of several ecosystems
due to the accumulation of dangerous pollutants
such as heavy metals.1 Heavy metals are still being
used in various industries due to their technological
importance. The effluents of industrial wastewaters
often contain considerable amounts of such toxic and
polluting heavy metals. It is well-known that heavy
metals such as Hg, Pb, Cr, Ni, Cu, Cd, and Zn are
usually associated with tendency to accumulate in
living organisms and are highly toxic when adsorbed
into body.2 Lead contamination is known as one of
the most pervasive and elusive environmental health
threats, as considered by the fact that exposure Pb(II)

ions has been associated with death and disease in
humans, birds and animals.3 The majority of lead
pollution has been through automobiles, battery
manufacturers, cable coverings, radioactivity shields,
plumbing fixtures, painting pigments, solder, ammu-
nition, caulking, bearings, textile industry, printed
circuit boards, electroplating, and petroleum
industries.4,5

The adsorption processes are generally known to be
one of the most effective techniques for removal of
environmentally hazardous metals due to its low
maintenance costs, high efficiency and ease of opera-
tion.6 However, conventional adsorbent materials
such as activated carbon and ion exchange resin are
associated with several problems. Firstly, these materi-
als are artificial and not degradable, which make their
application from environmental perspective question-
able. Secondly, their production is energy intensive.
Therefore, there have been attempts to utilize low cost,
naturally occurring adsorbents, to remove contami-
nants from wastewater.7,8 These kinds of adsorbents,
which are biological-based materials such as Cephalo-
sporium aphidicola,5 Pinus sylvestris,9 Saccharomyces
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cerevisiae,10 Sargassum natans,11 Botrytis cinerea,12Neuro-
spora crassa,13 Aspergillus niger,14 R. arrhizus,15 Bacillus
sp.,16 alginate,17 chitosan,18 and carrageenan19; natural
clay minerals such as kaolinite,20–23 illite,24 benton-
ite,25,26 montmorillonite,20,23,27 zeolite,28,29 and sepio-
lite30,31 have been used to remove heavy metal ions
from aqueous solutions by adsorption.

Alginate is a polysaccharide biopolymer composed
of varying compositions of b-1,4 linked D-mannu-
ronic acid (M) and L-guluronic acid (G). Because of
its excellent features, medical and pharmaceutical
industries have shown increased interest in this bio-
polymer. The extensive amount of research work
that has been done on this system is due to the
exceptional ability of sodium alginate to form dura-
ble, acid resistant beads upon exposure to aqueous
solutions of bivalent ions like Ba2þ and Ca2þ.32 Algi-
nate undergoes ionotropic gelation when these diva-
lent cations interact ionically with blocks of gulur-
onic acid residues, thus resulting in the formation of
three-dimensional network, which is usually
described by the ‘‘egg-box’’ model.32 So far, adsorp-
tion property of alginate has been investigated for
many heavy metal ions.17,33

Clay minerals possess a layered structure and are
typically suspended in aqueous solutions as fine
particles having average diameter of about 2 lm.34

Generally they have potential for ion exchange,
being able to accommodate ionic and even nonionic
foreign organic molecules.34 Bentonite (B) as a repre-
sentative clay mineral is clay mainly composed of
montmorillonite, a 2 : 1 type of aluminosilicate. Its
crystalline structure presents an alumina octahedral
layer between two tetrahedral layers of silica, which
by isomorphous substitutions, require cations,
denominated exchange cations (Na, Ca, Mg, etc.), to
compensate the negative layer charge. Cause of cat-
ion adsorption of clay minerals is that the presence
of broken bonds around the edges of silica-alumina
units would give rise to unsatisfied charges, which
would be balanced by adsorbate cations.

The polymeric material can be modified with nat-
ural clay minerals in a manner that this significantly
improves their capability to remove heavy metals
from aqueous solutions.3,34–36 These kinds of adsorb-
ents are called polymer–clay composites, which are
widely used in various areas of transportation, con-
struction, and electronic products. They offer incred-
ible combinations of stiffness and strength, which
are difficult to attain separately from the main com-
ponents.37 They can be used as the excellent adsorb-
ents for the adsorption technique due to the fact that
they are low-cost and have high efficiency adsorb-
ents for the adsorption of many pollutants.

The purpose of this study is to explore novel natu-
rally occurring sorbents that have high affinity for
heavy metal ions and fully exhibit their ability in a

wide range of metal concentration. For this reason, a
series of alginate-montmorillonite composite beads is
prepared and characterized. The removal of lead(II)
ions from aqueous solution using the prepared beads
by batch and column adsorption techniques has been
investigated. The dynamic behavior of adsorption
was examined on the effects of pH, contact time,
temperature, and initial feed concentration.

MATERIALS AND METHODS

Materials

Sodium alginate and Pb(II) nitrate (99.6%) were sup-
plied by Sigma-Aldrich. Clay was purchased from
Aldrich. Calcium chloride was supplied by Acros
Organics.

Preparation of 2.5 wt % Na-alginate solution

A 25 g Na-alginate was added slowly to 975 g
deionized water at 60�C under stirring condition.
The solution was kept stirring for 4 h or longer until
all Na-alginate is dissolved.

Preparation of 2.5% clay suspensions

Suspension consists of 25 g of Naþ montmorillonite
homogenously dispersed in deionized water (975 g,
60�C) by continuous stirring over night followed by
sonication for 3 h.

Preparation of different Na-alginate/clay
blend solution

Solutions of the 2.5% Na-alginate were blended with
10, 30, 50, 70, and 90% wt % of the 2.5% clay sus-
pension and mixed to homogenous solutions.

Preparation of Na-alginate/clay crosslinked beads

The blend solutions were injected dropwise to 4%
wt/v CaCl2 solution using 50 mL hypodermic
syringe through a needle no. 21 under constant stir-
ring at room temperature. Constant injection rate (2
mL/min) of the blend solutions was obtained using
Syringe Infusion Pump22, Harvard Apparatus. The
resultant alginate-clay beads were allowed to stand
in the solution for 24 h at room temperature with
gentle agitation on a magnetic stirrer. Finally, beads
were taken out, washed several times with deion-
ized water and then dried overnight at 30�C in a
dust free chamber.

Characterization of the beads

The surface morphology of the polymeric beads was
examined using scanning electron microscopy (SEM)
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of a model FEI XL30 SEM-FEG (FEI company). The
beads were initially dried in air at ambient tempera-
ture for 5 days before being analyzed. A fragment of
the dried bead was sputter coated for 200 s. The sur-
face of the sample was scanned at the desired magni-
fication to study the morphology of the beads.

Adsorption of Pb(II)1

Batch procedure

Adsorption of Pb2þ from aqueous solutions was
investigated in a batch experiments. The tests were
done in 100 mL polyethylene bottles; previously
cleaned with deionized water, dilute nitric acid and
deionized water. In all the experiments, beads con-
centration was kept constant at 10 mg/25 mL within
the bottles stirred magnetically at 600 rpm. Effects of
the contact time, pH of the medium, initial Pb2þ con-
centration, and temperature of the medium on the
removal were studied. The suspensions were
brought to the desired pH by adding 0.1 M NaOH
and 0.1 M HNO3. The concentration of the metal
ions in the aqueous phases after desired treatment
periods were measured by using ICP, TELEDYNE
instruments. The experiments were performed in
replicates of three and the samples were analyzed in
replicates of three as well. Adsorption values (mg/
g) were calculated as the difference in Pb2þ ion con-
centration of the pre- and postadsorption solutions
divided by the weight of dry beads according to:

Adsorption capacity Q ¼ ðCo� CeÞV
W

where Co is the initial Pb2þ concentration (ppm), Ce
is the final or equilibrium Pb2þ concentration (ppm),

V is the volume of the Pb2þ solution (mL) and W is
the weight of beads (g).

Column procedure

The stopcock of the glass column (100 mm in length
and 10 mm in diameter) was covered with a fritted
glass disc. A total of 500 mg of Na-alginate/clay
bead was slurred in water, and then poured into the
column. A small amount of glass wool was placed
on the disc to prevent loss of the beads during sam-
ple loading. In the first group of experiments, the
effect of Pb2þ concentration on adsorption was stud-
ied. Aqueous solutions in the range of 10–1000 ppm
were circulated at constant flow rate 0.5 mL/min. In
the second group of experiments, the effect of solu-
tion flow rate on the adsorption of Pb2þ was investi-
gated. For this purpose, 100 ppm Pb2þ solutions
were circulated at different flow rates, in the range
of 0.5–2.5 mL/min. The concentration of the metal
ions in the aqueous phases after desired column pro-
cedure were measured by using ICP.

RESULTS AND DISCUSSION

Composite beads preparation

For the practical application, the utilization of bead
particles has advantages in terms of applicability to
a wide variety of process configurations even with
dilute polluted streams and reusability for repeated
runs following recovery.
An alginate solution is rapidly gelled upon contact

with divalent cations and carboxyl groups of the al-
ginate polymer chains.32,33 By using this characteris-
tic, various composite beads were prepared from
different ratios of an alginate-montmorillonite
clay mixture. The beads were then crosslinked by

Figure 1 SEM micrographs of alginate-clay (70/30) composite beads.
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reaction with CaCl2. Figure 1 shows the SEM image
of the beads obtained.

Adsorption properties

The feasibility of alginate-clay composite beads for
the removal of heavy metal ions from aqueous solu-
tions was demonstrated using Pb(II) as a model
compound. Effect of adsorption time, pH, feed con-
centration, alginate-clay composition and tempera-
ture on the Pb(II) adsorption were investigated in
batch procedure. Meanwhile, effect of solution flow
rate and initial concentration were used to character-
ize the lead adsorption behavior in column
procedure.

Effect of various alginate-clay ratios

The results of the experiments with varying clay ra-
tio in the composite beads on the Pb(II) adsorption
are illustrated in Figure 2. With a decrease in the
clay percentage from 90 to 10%, the amount of
lead(II) ions removal increased from 63.4 to 246.8
mg/g and approximately reaching a plateau at 30%
clay content.

For alginate, metal ions could be adsorbed by ion
exchange to carboxyl groups on alginate chains.33

Also, Assaad et al.38 revealed that clay retains aque-
ous metals by ion exchange, and that Mt-Na and
Mt-K are more effective than Mt-Mg and Mt-Ca
with maximum metal removal of 26.5 mg/g by Mt-
K.38 Therefore, the increase in maximum Pb(II)
uptake with increasing alginate contacts indicates
that metal ions are adsorbed on the hybrid gel beads
by ion exchange with hydrogen ions on the binding
sites formed by carboxyl groups on alginate. The
Na- elements on montmorillonite coexisting in the
gel beads are thought to mainly support the matrix
structure by interacting with the carboxyl groups on
alginate.33

Equilibrium adsorption time

Time dependence of Pb(II) adsorption from aqueous
solution onto alginate-clay (70 : 30 wt/wt) composite
beads was determined. High adsorption rate is
observed at the beginning of adsorption process,
and then saturation value (i.e., adsorption equilib-
rium) is gradually reached within � 100 min (Fig.
3). However, the time (t1/2) of 50% sorption was less
than 10 min indicating a quite fast adsorption of
Pb(II) onto the composite beads.

Effect of pH

The mechanism of pH dependence of lead(II) ions
uptake may be explained by the nature of the com-
posite surface metal binding sites. Figure 4 shows
the effect of pH on the removal of lead(II) ions onto
alginate-clay (70 : 30 wt/wt) composite beads ad-
sorbent from aqueous solution. It is observed that
almost no change in the adsorption capacity with
increasing pH of the metal solution during the
adsorption process up to pH 3–6 and the maximum
lead(II) ions removal was observed at pH 6. The

Figure 2 Effect of clay (%) on the adsorption of lead(II)
onto alginate-clay composite beads; pH 5, time: 2 h, T:
25�C.

Figure 3 Time dependent for the adsorption of lead(II)
onto alginate-clay (70/30) composite beads; pH 5, T: 25�C.

Figure 4 Effect of pH for the adsorption of lead(II) ions
onto alginate-clay (70/30) composite beads; time: 2 h, T:
25�C.
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adsorption of metal as a function of initial pH
clearly indicated that solution pH played an impor-
tant role in the adsorption of lead(II) ions by the
composite bead.19 Under highly acidic conditions
(pH ¼ 1–2), the adsorption of lead(II) ions is not so
important, since the metal binding sites on the ad-
sorbent were closely associated with H3O

� and re-
stricted the approach of metal cations as a result of
the repulsive forces. However, the adsorption
increased with increasing solution pH, since more
metal binding sites could be exposed with negative
charges, with subsequent attraction of metal ions
with positive charge and adsorption occurring onto
the composite surface. Experiments were carried out
up to pH value of 6 due to the fact that metal pre-
cipitation occurred at higher pH values.

Equilibrium adsorption of Pb(II)

For the alginate-clay composite beads, the equilib-
rium adsorption of Pb(II) is illustrated in Figure 5.
The amount of Pb(II) ions adsorbed per unit mass of
the composite beads (i.e., adsorption capacity)
increased with increasing the initial concentration of
Pb(II) ions, and a saturation adsorption value is
achieved (243.5 mg/g beads), which represents max-
imum adsorption capacity of the alginate-clay com-
posite beads.

From the viewpoint of application, it is important
to develop an appropriate mathematical model for
describing the equilibrium behavior of a beads-metal
system to guide the further treatment process for
actual contaminated water. Each adsorption isotherm
is characterized by certain constants express the sur-
face properties and affinity of the sorbent and can
also be used to find the sorption capacity of beads.
Several isotherm equations have been used for the
equilibrium modeling of sorption systems. Among
these, two are commonly used and have been applied
for this study, Langmuir and Freundlich isotherms.

Both represent the equilibrium amount of metal
removed as a function of the equilibrium concentra-
tion of metal ions in the solution, corresponding to
the equilibrium distribution of ions between aqueous
and solid phases as the initial concentration increases
while keeping the adsorbent weight constant. The lin-
earized Langmuir equation assumes the form:

Ce=qe ¼ 1=ðQe KLÞ þ ð1=QeÞCe

where (Ce) is the metal concentration in aqueous so-
lution at equilibrium (mg/L).
(qe) is the experimental amount of adsorbed metal

at equilibrium (mg/g).
(Qe) is the calculated amount of adsorbed metal at

equilibrium (mg/g).
(KL) is the Langmuir constant (L/mg).
By plotting (Ce/qe) versus (Ce), (Qe), and (KL) can

be determined from the slope and intercept of the
obtained straight line, respectively.
While, the linearized logarithmic Freundlich equa-

tion assumes the form:

Log qe ¼ Log KF þ ð1=nÞLog Ce

where (KF) is the Freundlich constant indicating
adsorption capacity.
(n) is the Freundlich constant indicating adsorp-

tion intensity.
By plotting (Log qe) versus (Log Ce), (n) and (KF)

can be determined from the slope and intercept of
the obtained straight line, respectively.
The linearized Langmuir and Freundlich adsorp-

tion isotherms corresponded to Pb2þ removal by the
prepared beads are represented in Figures 6 and 7.
Whereas Table I represents the correspondent con-
stants along with the correlation coefficients (R2)
associated at each linearized model. As can be
observed, the high (R2) values that nearly approach
unity reveal that both Langmuir and Freundlich
models are very suitable for describing the adsorp-
tion equilibrium of the tested metal. The calculated
(Qe) from Langmuir plots define the maximum
capacity of the alginate-clay for Pb(II) removal in the
level of the low concentrations that are used to plot
the relation. As can be observed from Table I, the
calculated (Qe) value match with the experimental
one (qe) that are determined in the level of high con-
centrations. These results reflect the applicability of
beads in the treatment of water samples that contain
low and high concentrations of metal ions. The mag-
nitude of (KF) and (n) values, Freundlich constants,
reflects the easy removal of the metal under investi-
gation from water by the beads.33 The higher (KF)
value indicates high adsorption capacity and is
found to be proportional to the actual high sorption
capacity (qe). Also, (n) value that is greater than

Figure 5 Effect of equilibrium Pb(II) concentration on
adsorption (%) of Pb(II) ions on alginate-clay (70/30) com-
posite beads; pH 5, time: 2 h, T: 25�C.
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unity indicate the favourability of the beads to
remove lead from water.

Effect temperature

It is well known that temperature has a great influ-
ence on any chemical process so that it may enhance
or retard such process depending on the nature of
the reactants and/or the products.39 The effect of
temperature on the adsorption of Pb(II) ions was
studied at 25, 40, 55, and 70�C. From Figure 8, it has
been observed that the adsorption of Pb(II) from

aqueous solution is affected by the reaction tempera-
ture. The figure shows an unexpected result as the
adsorption of lead ions slightly decreased with
increasing temperature. This might be due to the
fact that the electrostatic interaction between Pb(II)
ions and alginate is lower at higher temperatures.40

Column procedure

Based on alginate-montmorillonite beads packed col-
umns, a highly efficient method for Pb(II) removal
from aqueous solution was developed. The stopcock
of the glass column (100 mm in length and 10 mm
in diameter) covered with a fritted glass disc and
filled with 500 mg alginate-clay (30 : 70 wt/wt) com-
posite bead was used. The effect of flow rate and
Pb(II) flow concentration on adsorption of Pb(II) in
the packed-bed column was investigated.
Effect of flow rate. The flow rate of the Pb(II) solution
through the packed-bed column is a very important
parameter for controls the time of adsorption and
analysis. Using the column procedure, the effect of
flow rate on sorption of Pb(II) in the packed-bed col-
umn was investigated by changing the flow rate
between 0.5 and 2.5 mL min�1. The results show
that the flow rate has high influence on the sorption
of Pb(II). At initial concentration of 100 mg/L, Pb(II)
can be 100% adsorbed by alginate-clay (30 : 70 wt/
wt) composite beads at a flow rate below 1.0 mL
min�1. Above 1.0 mL min�1, the recovery was

Figure 7 Linearized Freundlich adsorption isotherms for
lead(II) using alginate-clay (70/30).

TABLE I
Langmuir and Freundlich Equilibrium Parameters for
Pb(II)1 Removal by the Prepared Alginate-Clay Bead

Freundlich
parameters Langmuir parameters

qe(exp)
(mg/g)KF n R2 KL (L/mg) Qe (mg/g) R2

7.75 1.02 0.99 0.034 238.1 0.99 243.5

Figure 6 Linearized Langmuir adsorption isotherms for
lead(II) using alginate-clay (70/30).

Figure 8 Effect of temperature on the adsorption of lea-
d(II) onto alginate-clay (70/30) composite beads; pH 5,
time: 2 h.
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lowered to be 93% at 1.5 mL min�1 and even 84% at
2.5 mL min�1, as shown in Figure 9. At higher flow
rates, the contact time of lead ions with the column
materials is shorter. So the flow rate of 1.0 mL
min�1 was chosen for column procedures.
Effect of Pb(II) flow concentration. The effect of Pb(II)
flow concentration on the adsorption of Pb(II) ions
was studied using column procedure. At constant
flow rate of 1.0 mL min�1, the concentration of
Pb(II) ions in the flow solution was 10, 100, 250, 500,
and 1000 mg/L (Fig. 10). Lead recoveries for above
concentrations were 100, 100, 93, 88, and 80%,
respectively. Thus, 100 mg/L was the maximum

Pb(II) concentration in which quantitative adsorption
of lead is possible. At higher concentrations the re-
covery decreased.

Wastewater treatment

Rapid industrial development during recent time
has caused increased environmental pollution. The
removal of toxic heavy metal contaminants from
industrial wastewaters is one of the most important
environmental issues to be solved today. For this
reason, the synthesized alginate-clay (30 : 70 wt/wt)
composite bead was then applied for the treatment

Figure 9 Effect of flow rate on the adsorption of Pb(II)
on the alginate-clay (70/30) composite beads; Pb(II) con-
centration: 100 mg/L, pH 5, T: 25�C.

Figure 10 Effect of Pb(II) intial concentration on adsorp-
tion (%) of Pb(II) ions on alginate-clay (70/30) composite
beads; flow rate: 0.5 mL min�1, pH 5, time: 2 h, T: 25�C.

TABLE II
Chemical Analysis Data for Wastewater Samples Before and After Treatment Process

Sample

aHeavy metal ion (ppm)

Al Cr Cu Fe Mn Ni Pb Zn

Shoubra El-Khama
1 Before 8.9 <0.01 <0.01 52.1 10.9 <0.0004 0.45 0.04

After 0.1 <0.01 <0.01 8.68 1.41 <0.0004 <0.0008 <0.0001
(%) 99 83 87 � 100 � 100

2 Before 3.2 3.1 0.08 0.84 0.07 20.5 0.03 0.2
After <0.04 0.8 <0.01 <0.01 0.02 1.24 <0.0008 0.02
(%) � 100 74 � 100 � 100 71.5 94 � 100 90

10th of Ramadan
3 Before 8.7 <0.01 0.08 2.7 0.34 0.02 0.03 0.05

After 0.21 <0.01 <0.01 <0.01 <0.003 <0.0004 <0.0008 <0.0001
(%) 97.5 � 100 � 100 � 100 � 100 � 100 � 100

4 Before 2.4 0.09 <0.01 4.1 0.17 0.13 0.02 0.42
After 0.05 <0.01 <0.01 0.15 <0.003 <0.0004 <0.0008 0.01
(%) 98 � 100 96 � 100 � 100 � 100 98

El-Obour
5 Before 1.5 0.06 0.08 0.96 0.09 <0.0004 <0.0008 0.12

After <0.04 <0.01 <0.01 <0.01 <0.003 <0.0004 <0.0008 <0.0001
(%) � 100 � 100 � 100 � 100 � 100 � 100

6 Before 0.14 <0.01 0.2 0.1 0.02 <0.0004 0.15 0.04
After <0.04 <0.01 <0.01 <0.01 <0.003 <0.0004 <0.0008 <0.0001
(%) � 100 � 100 � 100 � 100 � 100 � 100

a The relative standard deviation (%RSD) was 0.02–0.14% for triplicate analysis.
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of actual industrial wastewaters. Six samples were
collected from three industrial cities (Shoubra El-
Khama, 10th of Ramadan and El-Obour) near capital
Cairo, Egypt. Analysis of heavy metals for such sam-
ples by ICP reveals high concentration of aluminum,
chromium, cupper, iron, manganese, nickel, lead
and zinc as shown in Table II. So, 100 mL of these
wastewater samples were loaded into 500 mg algi-
nate-clay in packed column system. A 1.0 mL min�1

was used as the flow rate. Treatment process was
continued until the entire 100 mL sample introduced
into the column. Generally, the treatment must pro-
vide water of better quality. After treatment process,
alginate-clay beads were able to remove from 97.5 to
� 100% of Al, 74 to � 100% of Cr, � Cu% of Cu, 83
to � 100% of Fe, 87 to � 100% of Mn, 94 to � 100%
of Ni, � 100% of Pb, and 90 to � 100% of Zn, result-
ing in a satisfactory removal of heavy metals in the
wastewater samples under investigation. The data
also shows the high efficiency of the beads for metal
removal even in very low concentrations.

CONCLUSIONS

Series of polymer-clay composite beads that consists
of Na-alginate and montmorillonite clay were pre-
pared and characterized. Removal of lead from
aqueous solution using this bead was then studied
in batch adsorption experiments. The amount of
lead removed was found to increase as the percent
of Na-alginate increase in the composite beads. The
experimental results also show that the equilibrium
contact time was obtained within � 100 min. Lead
adsorption was found to be strongly pH-dependent
and display maximum uptake at high pH, high ini-
tial lead concentration in the feed solution and low
temperature. Based on alginate-montmorillonite
beads packed columns, a highly efficient method for
Pb(II) removal from aqueous solution was devel-
oped. Technical feasibility for the uses of the pre-
pared composite beads for the treatment of actual
polluted wastewater samples collected from some
industrial cities in Egypt was investigated. The
results showed a promising possibility for producing
wastewater of better using such prepared beads.
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