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ABSTRACT

1-Phenyl-3-methyl-4-benzoyl-5-pyrazolone
(HPMBP) have been entrapped in calcium alginate
beads. The uptake properties of Ce(lll) on the
adsorbents, HPMBP loaded calcium alginate beads
(HCAB), have been investigated by batch method.
The effect of various parameters such as contact
time, initial solution pH and initial Ce(lll)
concentration has been studied. The uptake of
Ce(l11) was pH dependent, increased with solution
pH and reached a maximum at pH 4.0. The
equilibrium time of adsorption was attained within
20 hours. The adsorption data were analyzed by
the Langmuir and Freundlich isotherms model.
The Langmuir isotherm model best fitted the
equilibrium data since it presents higher R? value.
The maximum uptake capacity of Ce(lll) was
106.38 mg/g at 298 K. The value of dimensionless
factor, R, lie between 0.03 to 0.22 for the initial
Ce(l1l) concentration range from 75 to 600 mg/L
indicating favorable adsorption of Ce(l11) onto the
adsorbent.
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1 INTRODUCTION

Cerium is used as fluorescent devices,
polishing compounds, magnetic substances and
alloys. Cerium oxide is part of the catalyst of
catalytic converters used to clean up exhaust
vehicles. Removal of cerium from aqueous
environment are important because of its increasing
discharge is  responsible for  environmental
pollution.[1] Various methods have been used for the
removal of metals from aqueous solution, such as
solvent extraction, chemical precipitation, reverse
0smosis, evaporation, ion-exchange, adsorption, and
electrolysis. Some of these methods are expensive or
inefficient for metal removal.[2] Solvent extraction
has been widely used to separate and recover metallic
ions from aqueous solutions. However, large volume
of solvent in solvent extraction may create health
problem and cause environmental pollution. [3,4]

The immobilization of the extractant in a
solid polymeric matrix possesses some advantages,
for example simplicity of preparation, applicability
for a wide range of extractants, and lesser loss of
harmful components to the environment. [5] Alginate
is a biopolymer consisting of 1,4 linked B-D-
mannuronic (M) and o-L-guluronic acid (G)
residues, each containing one carboxylate group per
monomeric unit. [6] Each units are organized in
homopolymeric M-M and G-G blocks and
heteropolymeric M-G blocks. The carboxylate groups
of the polymer give it ability to form gels in the
presence of calcium ions. The gel have been used as
the matrix for the immobilization of microbial cells
and metal extractant via entrapment.[5,7]

1-Phenyl-3-methyl-4-benzoyl-5-pyrazolone
(HPMBP) has been extensively studied alone or in
combination with other reagents in the extraction of
lanthanide elements.[8] In the present study, HPMBP
have been entrapped in calcium alginate to form
HPMBP loaded calcium alginate beads (HCAB). The
aim of this work was to investigate the uptake
properties of Ce(ll1) onto HCAB.

2 MATERIALS AND METHODS
2.1 Materials

Chemicals were of analytical grade and were
used without further purification. Deionized water
was used throughout all experiments. The Ce(lll)
stock solution (1000 mg/L) was prepared by
dissolving cerium(l1l) nitrate hexahydrate (Merck) in
dilute nitric acid. A series of Ce(lll) solutions with
different concentration were prepared by appropriate
dilutions of the stock solution. Sodium alginate was
purchased from Sigma Aldrich. 1-Phenyl-3-methyl-4-
benzoyl-5-pyrazolone(HPMBP) was synthesized
from 1-Phenyl-3-methyl-5-pyrazolone and benzoyl
chloride by the method reported in the literature. [9]

2.2 Methods
2.2.1 Preparation of the adsorbent

Sodium alginate (2 g) was dissolved in
deionized water at 60°C. Then HPMBP (2 g) were
dispersed in alginate solution with constant stirring
for 12 hours. The kneaded sol was added dropwise to
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a 0.2 M CaCl, solution using a syringe at room
temperature. Spherical gel particles were formed and
stirred for 12 hours, then separated from the solution.
The gels were washed several times with deionized
water and air-dried for 1 day.

2.2.2  Adsorption isotherm studies

The Ce (lIl) uptake properties on the
adsorbents were studied by batch adsorption
experiments. 50 mg of the adsorbents, HPMBP
loaded calcium alginate beads (HCAB), were placed
in 100 mL Erlenmeyer flask containing 20 mL of
various concentration Ce(lll) solutions. Solution pH
were adjusted to the desired value with 0.1 M NaOH
or 0.1 M HNOs. The flask were agitated at 150 rpm
using a mechanical shaker at room temperature
condition . The residual concentration of Ce (1) in
the aqueous phases was determined by Arsenazo(lll)
method at A = 652 nm. The percentage of
adsorption (%E) and the adsorption amount of cerium
(111 (g) were calculated according to equation (1)
and (2).

WE = M x100 (1)
Co
(Co—-Ce)V
=y @)
m

Where Co and Ce are initial and equilibrium
concentration of Ce (I11) in the solutions, respectively
(mg/L), V is the volume of solution (L), and m is the
mass of HCAB (g).

3 RESULTS AND DISCUSSION
Influence of contact time on Ce(lll) adsorption
with HCAB can be seen in Fig. 1. The uptake of

Ce(Il) increases with contact time and the uptake
equilibrium was attained within 20 hours.
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Fig 1. Effect of contact time on Ce(lll) uptake by
HCAB (adsorbent dosage : 50 mg ; pH : 4.0 ;
Initial Ce(111) concentration : 150 mg/L)

The solution pH is one of important
parameters controlling Ce(l11) uptake. The influence
of initial pH were studied in the range of 1-5, and the
results are shown in Fig.2. The percentage adsorption
was dependent on pH. It was increased from mg/g
(pH ) to mg/g (pH ). At low pH values (pH<5),
Cerium exist in their trivalent form. Alginate and
HPMBP have pKa values 3.65 and 3.95,respectively.
[4,10] At strong acidic condition there is a
competition between Ce(lll) and hydrogen ions to
occupy the binding sites. The percentage of
adsorption is lower as the result of repulsive forces
between hydrogen ions and Ce(lll) ions. Increasing
the pH increases the number of negative sites
available for Ce(lI1l) uptake. At higher pH, hydroxide
may precipitate Ce(lll) ions. The optimum pH for
Ce(l11) adsorption was 4.0.
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Fig.2.Effect of initial solution pH on Ce(lll) uptake
by HCAB (adsorbent dosage : 50 mg ; contact time :
20 h ; Initial Ce(111) concentration : 150 mg/L)

The adsorption isotherm was studied for the
initial Ce(Ill) concentration ranging from 75 — 600
mg/L at optimum condition. The data were analyzed
with Langmuir and Freundlich Isotherm according to
equation (3) and (4)

Langmuir isotherm :

Ce_Ce, 1
Qe Qm bQOQm

where Qe is metal ion adsorbed at equilibrium
(mg/g), Ce is the concentration of metal ion at
equilibrium (mg/L), b is the affinity constant, and
Qm is maximum adsorption capacity of (mg/g).

@)

Freundlich Isotherm :
logQe = log K + 1Iog Ce @4
n

where n is the Freundlich exponent related to
adsorption intensity and Kg is Freundlich constant
related to adsorption capacity.
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The Langmuir plot is shown in in Fig.3. The
result show that Ce(l1l) adsorption by HCAB follow
the Langmuir isotherm with high correlation
coefficient (R? = 0.997). The maximum monolayer
adsorption capacity (Qm) and the constant related to
the energy of adsorption (b) were found to be 106,38
mg/g and 0.048, respectively. From the Langmuir
isotherm we can calculate R, a dimensionless
equilibrium parameter, according to equation (5).

1

Ri=— (6

"~ 1+DbCo ©
Where Co is the initial concentration of Ce(lll) in
solution (mg/L). If the R value is between 0 to 1, the
adsorption process is favorable. [11,12] The data in
Table 1 show that the values of R, lie between 0.03
to 0.22 indicating that Ce(l11) adsorption process onto
HCAB was favorable.
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Fig.3. Langmuir plot for the Cerium(l1l) uptake by
HCAB (adsorbent dosage : 50 mg ; pH : 4.0 ;
contact time : 20 hours)

Table 1. Calculated R_ values from Langmuir
Isotherm

Co(mg/L) Ry

75 0.22
100 0.17
200 0.10
400 0.05
600 0.03

Fig.4 shows the Freundich plot for Ce(lll) adsorption
by HCAB. The values of Freundlich constants, K
and n, were found to be 20.6 and 3.6, respectively.
The value of n was between 0 and 1 indicating that
Ce(Ill) adsorption by HCAB was favourable. [13]
However, Langmuir isotherm model best fitted the
equilibrium data since it presents higher R® value.
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Fig.4. Freundlich plot for the Cerium(I1l) uptake by
HCAB (adsorbent dosage : 50 mg ; pH : 4.0 ;
contact time : 20 hours)

4 CONCLUSIONS

The immobilization of the extractant in a
solid polymeric matrix is very useful technique for
metal ions extraction. HPMBP loaded calcium
alginate beads (HCAB) have been shown to be highly
effective in for Ce(lll) adsorption from aqueous
solution. The optimum conditions of sorption were
found to be: volume of solution 20 mL; pH 4.0 ;
adsorbent dosage 50 mg ; contact time 20 hours. The
adsorbents may be considered as an alternative for
removal and recover Ce(lll) ions from aqueous
solutions.
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