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ABSTRACT

Rare earth elements frequently utilized in
technological advancements is cerium. The high
utilization of cerium correlates with the depletion
of primary REEs reserves and the accumulation of
secondary materials that can enter aquatic
environments. Recycling and recovery of REEs
through methods such as solvent extraction,
filtration, and adsorption are commonly
employed. Adsorption is chosen due to the
abundance of adsorbent materials in nature,
simple fabrication, efficiency, and cost-
effectiveness. Calcium alginate biosorbent loaded
with magnetite (Ca-Alg/Fe3Os) has been used to
adsorb (Ce?*),;, with optimal conditions achieved
at Ca-alginate:Fe;Os4 ratio of 2:1 (w/w), 0.075 g,
pH 4, a contact time of 210 minutes, and 250 ppm,
[Ce3*]o. The adsorption process follows the
Langmuir isotherm model with gm. at 50.505
mg/g. Hence, the Ca-Alg/Fe;O4 biosorbent shows
potential in adsorbing (Ce3*)q,.
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INTRODUCTION

The rapid growth of industries and technology has led to an increased
demand for innovative high-tech tools. Technological industrial products such
as computers, electronics, telecommunications, nuclear, and aerospace
industries are closely linked to rare earth elements (S. J. Suprapto, 2009). REEs
play a crucial role in metallurgical materials by enhancing microstructure,
alloys, refining materials, and metamorphosing inclusions (Xiong et al., 2009).
Cerium is the most abundant and relatively expensive rare earth metal,
applicable in various fields, some of which are highly specific. For instance,
cerium oxide is suitable as a polishing agent for glass. The application of CeO>
in polishing depends on both the physical and chemical properties, including
the oxidation states of cerium, namely Ce3* and Ce**, in aqueous solutions(S.
Sound et al., 2002).

Various methods have been employed for the separation and
preconcentration of REEs such as precipitation, solvent extraction, ion
exchange, or solid-phase extraction(Kim, 1997). Solvent extraction and ion
exchange are commonly used methods; however, they are inefficient due to
their requirement for large volumes and can pose health issues (Yao, 2010).
These conventional methods have several drawbacks, including the use of large
amounts of reagents, low selectivity, high operational costs, and the generation
of secondary metabolites (Wu et al., 2004)

In recent years, research has been focused on biosorption, which has
proven to be a more cost-effective method and recognized as a fast, economical,
and environmentally friendly technology (Chen, 2010). One of the current
candidates for sorption material is alginate. Alginate is a natural polymer with a
large molecular weight, non-toxic, selective, efficient, and cost-effective.
However, sodium alginate (Na-alg) is water-soluble and less stable, thus it
cannot be directly used in the adsorption process. Previous research has shown
the efficiency of alginate in removing various heavy metals by combining
alginate with activated carbon. In recent years, magnetic particles have gained
much attention due to their large surface area, high selectivity, and their ability
to enhance adsorption (V. Gopalakannan & N. Viswanathan, 2015)

Several researchers have studied rare earth metal adsorption methods
from solutions. For instance, Rusnadi et al. utilized the adsorbent 1-phenyl-3-
methyl-4-benzoyl-5-pyrazolane (HPMBP) encapsulated in calcium alginate to
adsorb Ce(Ill) ions in solution (Rusnadi et al., 2012). In 2007, Lim et al.
conducted research on Cu(Il) ion adsorption using magnetic alginate (Lim et al.,
2008). Dongbei et al. developed alginate beads containing iron oxide as an
adsorbent for La(Ill) ions (Wu et al., 2010).

In this study, the synthesis of calcium alginate containing Fe3;Os (Ca-
Alg/Fe3Os) was carried out as an adsorbent for Ce3* metal ions. The Ca-
Alg/Fes0Os was characterized wusing FTIR spectroscopy and SEM-EDS.
Subsequently, the determination of the optimum adsorption process conditions
was conducted considering various parameters such as composition, pH,
adsorbent mass, contact time, along with an investigation of adsorption
isotherms and the repeated use of the adsorbent.
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LITERATURE REVIEW
Cerium

Cerium is one of the rare earth metals with an atomic number of 58 and an
electron configuration of [Xe] 4f! 6s? 5d'. Cerium finds applications in
fluorescence equipment, magnetite material, and alloys. Cerium oxide is a
component of catalysts used to control exhaust gases in vehicle emission control
systems (Rusnadi et al., 2012)

Cerium is the most abundant rare earth metal in the Earth's crust when
compared to other rare earth metals. Cerium, along with lanthanum, dominates
its usage among rare earth metals, constituting approximately 80 percent in the
mature market segments (such as in catalysts, glass industry, lighting, and
metallurgical fields) (Goonan, 2011)

The global production of cerium metal reaches 23,000 tons per year and is
expected to continue increasing due to its expanding use in everyday life (Sert
et al.,, 2008). The increasing use of cerium may result in a higher amount of
cerium ion waste being generated. This potential increase in waste poses
several risks to plants, animals, and human health. The Occupational Safety and
Health Administration (OSHA) sets the Permissible Exposure Limit (PEL) for
cerium ions in the human body at 15 mg/m3 (Atkins. P. W, 1997). Exceeding
this threshold concentration of cerium ions in the human body can lead to

disruptions in various organs such as the liver, kidneys, and lungs (Murthy &
Choudhary, 2011).

Alginate

Alginate" is a natural polysaccharide composed of monomers such as
mannuronic acid and guluronic acid, or a combination of both. It is water-
soluble, non-toxic, and easily degradable (Mortimer, 2008). Sources of alginate
include brown algae such as Laminaria hyperborean, Macrocystis pyrifera,
Laminaria digitata, Ascophylum nodosum, and Lessonia nigrescens (Mortimer,
2008). The structure of alginate consists of blocks that include G-blocks
(composed of G residues), M-blocks (composed of M residues), or MG-blocks
(alternating M and G residues). The structure of alginate can be observed in

Figure 1. Alginate structure (Thanh et al., 2021)

Figure 2.1:
The structure of alginate contains multiple carboxylate groups. The
presence of these negatively charged carboxylate groups enables interactions or
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binding with substances or compounds that have a positive charge. This
property makes alginate a commonly used adsorbent for adsorbing substances
or compounds that possess a positive charge. Several studies on the use of
alginate as an adsorbent have been conducted, such as the research conducted
by Rusnadi, where alginate was utilized as a microcapsule adsorbent of calcium
alginate containing pyrazolone ligands to adsorb rare earth metal ions (Rusnadi
et al., 2012). However, using alginate as an adsorbent poses a challenge in
separating the adsorbent from the solution after the adsorption process, thus
requiring supporting materials to address this issue.

Magnetit or Fe3Oq

Fe;04, commonly known as magnetite, has been extensively utilized
across various fields such as magnetic recording technology, pigments, and in
medical treatments (Ghandoor et al.,, 2012). When Fe3Os particles are sized
between 1-10 nm, they exhibit superparamagnetic properties (Liu et al., 2002).
Aside from its numerous benefits, magnetite has been employed in the
purification of wastewater from metal contamination and dye substances.
Fe;04, being a magnetically active material, can be employed as a support
material within adsorbents, simplifying the separation process of the adsorbent
from the solution after the adsorption process (Panneerselvam et al., 2011).

Adsorption

Adsorption is a process where a fluid (either liquid or gas) adheres to a
solid surface and forms a thin layer on that surface. It is a simple, inexpensive,
and easily conducted method used to remove metal waste or dyes from water
bodies (Asip & Mardhiah, 2008).

In general, adsorption is categorized into two types: physical adsorption
and chemical adsorption. Physical adsorption occurs due to van der Waals
forces, leading to gas condensation to form a liquid on the adsorbent surface.
On the other hand, chemical adsorption happens because of a chemical reaction
between the absorbed substance and the adsorbent. The amount of substance
adsorbed depends on the specific properties of the solid substance and is a
function of pressure and temperature. Factors influencing the adsorption
capacity of the adsorbent include pH, temperature, porosity, polarity, and
contact time(Asip & Mardhiah, 2008).

METHODOLOGY
Tools and Materials

The equipment used in this research includes common glassware,
stoppered Erlenmeyer flasks, pestle and mortar, magnetic stirrer, analytical
balance (OHAUS), shaker (OVAN OMIOE), incubator shaker, pH meter
(Mettler Toledo Seven Compact), UV-Vis Spectrophotometer (Agilent 8453),
Fourier Transform Infrared (FTIR) Spectrometer (Shimadzu IR Prestige-21) and
Scanning Electron Microscopy-Energy Dispersive Spectroscopy (SEM-EDS)
(JEOL JSM-6510A). The materials used include sodium alginate (Sigma
Aldrich), FeSO..7H>O (Merck), FeCl3.6HO (Merck), NH4sOH (Merck), nitrogen
gas, NaOH (Merck), HNOs (Merck), HCl 37% (Merck), CeCls.7H.O (Merck),
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glacial acetic acid (Merck), CH3COONa (Merck), arsenazo III (Merck), and
deionized water (aqua dm).

Synthesis of Calcium-Alginate Loaded Fe;O4 (Ca-Alg/Fe3O4)

In this stage, the synthesis of FesO4 begins by dissolving FeSO4.7H>O and
FeCl;.6H20 in a 1:2 molar ratio of Fe?* to Fe3* into 50 mL of deionized water
(aqua dm) and stirred for 60 minutes. Then, 0.1 M NH4OH is added dropwise
while continuously flowing nitrogen gas, and stirred for another 60 minutes at
60°C. The successful synthesis of Fe3Os is indicated by the appearance of a black
precipitate in the solution. The black precipitate is then separated using a
magnetic rod and washed with deionized water until reaching a neutral pH.
Afterward, the black precipitate is dried. Provide clear and concise versions of
your methods of conducting research, population and samples, and data
analysis tools.

The next step involves the synthesis of calcium alginate containing Fe3Oa.
The synthesized Fe3Os is added to a 2% (w/v) alginate solution and stirred for
60 minutes. Then, this mixture is gradually added drop by drop into a 2%
(w/v) CaClz solution, resulting in the formation of black granules. These black
granules are left overnight, then washed with deionized water until reaching a
neutral pH, and dried using an oven at 60°C. Ca-Alg/FesOs has been
successfully synthesized.

Characterization of Ca-Alg/Fe;O4 Adsorbent

The characterization involves Fourier Transform Infrared Spectroscopy
(FTIR) to identify the functional groups present on the adsorbent before and
after being used for the adsorption process. Pellets that have been prepared are
measured in the wavenumber range of 400-4000 cm. Additionally, Scanning
Electron Microscopy-Energy Dispersive Spectroscopy (SEM-EDS) is used to
examine the surface morphology of the adsorbent and the elemental
composition present within the adsorbent before and after the adsorption
process. Analysis is conducted at magnifications of 5000x and 10000x using a

voltage of 10 kV.

Measurement of Ce3* Ion Using the Arsenazo-I1I Method

A calibration curve for standard Ce(IIl) ion solutions is prepared within
the concentration range of 1 ppm to 3 ppm. The calibration curve is constructed
by adding a specific amount of Ce(III) solution to 0.65 mL of 0.05% arsenazo III
solution and 1 mL of acetate buffer solution at pH 3.7. The solution volume is
then brought up to 10 mL using deionized water (aqua dm). Absorbance
measurements are taken 15 minutes after preparing the solution at a
wavelength of 654 nm. The Ce(Ill) solution after the adsorption process is
measured using the same procedure as the calibration curve, estimating the
volume of Ce(Ill) solution taken to fall within the absorbance range of the
calibration curve.
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Determination of Optimum Adsorption Conditions

The determination of the optimum adsorbent composition is conducted by
mixing a 1% (w/v) sodium alginate solution with varying mass compositions of
Ca-Alg:Fe;O4, namely 4:1, 2:1, 1:1, 1:2. Subsequently, the adsorbent is exposed
to 25 mL of a 100 ppm Ce3* solution in a closed Erlenmeyer flask with a stirring
speed of 200 rpm. The optimization involves varying the pH from 2 to 7,
adsorbent mass from 0.05 to 0.175 g, contact time from 30 to 300 minutes, initial
cerium concentration from 100 to 300 to study the adsorption isotherm process.
Additionally, repeated testing of the adsorbent is carried out under optimal
conditions determined, evaluating the Ce3* ion concentration in the solution
using the arsenazo III method with a UV-Vis spectrophotometer.

The adsorption capacity of Ce3* ions using Ca-Alg/FesO4 adsorbent

All optimization parameters will yield data in the form of efficiency (%
adsorption), capacity (g.) adsorption generated from cerium measurements
using the arsenazo III method. Some mathematical equations used are as
follows:

%AE = <% % 100 1)

4

And,
qe(mg/g) ==X V.. 2

% AE represents the adsorption efficiency (%), Ci and C, are the initial and final
concentrations of ions (mg/L), m is the mass of the adsorbent (g), and V is the
volume of the solution (L). The equation used to find the Langmuir isotherm
model is:

gmax indicates the maximum capacity (mg/g), and Ki represents the Langmuir
constant in units of L/mg. Here is the Freundlich equation:

Ing, = InKy + (%) Inc, 4)

The Freundlich isotherm model uses the symbol Kfor the Freundlich constant,
and n represents the adsorption intensity with a value between 1<n<10, the
adsorption process tends to be favore.

The determination of adsorption isotherms is carried out by comparing
the R? values of these adsorption isotherm models. If the R? value approaches
one, it indicates the closeness of the selected adsorption isotherm model to the
experimental data (Dada et al., 2012).
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RESEARCH RESULT
Adsorben Ca-Alg/ Fe;O4

a)

Figure 2. Morphology of the adsorbent, a) wet Ca-Alg/Fe;O4 adsorbent, b)
dried Ca-Alg/Fe;O4 adsorbent

Characterization of Ca-Alg/FesO4 Adsorbent Using FTIR

Wavenumber (covt)

Figure 3. Spectrum of FTIR adsorbent before contact (a) and
after contact (b) with Ce(IlI) solution

Characterization of Ca-Alg/FesO4 Adsorbent Using SEM-EDS

SElI  15kV x10,000 1pm Pae— x10,000 1pm _—

b)
Figure 4. The SEM images of the Ca-Alg/Fe;Os adsorbent, a) before being in
contact with the Ce(III) solution with a magnification of 10000x and b) after being
in contact with the Ce(Ill) solution with a magnification of 10000x.
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Table 1. The results of EDS characterization of the adsorbent before and after

adsorption
Percentage (%)
Elements Before After adsorption
adsorption P
C 39,33 44,94
@) 42,67 41,04
Na 2,15 -
Cl 5,91 0,36
Ca 7,73 5,28
Fe 2,22 2,06
Ce - 6,32

Determination of Optimum Adsorption Conditions

60

50

o /N
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Figure 5. The effect of various adsorbent compositions on the % adsorption of

Ce(I1I)
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Figure 6. a) The effect of solution pH and b) adsorbent dosages on the % and

capacity adsorption of Ce(IlI) solution

348



International Journal of Applied Research and Sustainable Sciences (IJARSS)
Vol. 1 No. 4, 2023: 341 - 354

0 30 60 90 120 150 180 210 240 270 300 330
Contact time (min)
Figure 7. The effect of contact time on the % adsorption of Ce(IlI) solution
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Figure 8. a) Linear form of Langmuir and b) Freundlich adsorption isotherm for
Ce(IlI) ion adsorption
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DISCUSSION

The adsorbent synthesis was conducted by first creating FesOs The
formation process of Fe;Os can occur in a basic environment, so ammonium
hydroxide was used as a precipitating agent to minimize contamination.
Sodium alginate solution mixed with FesOs was slowly dropped into CaCl> to
form a dark-colored gel, which was then soaked for 24 hours. Ca?* ions formed
cross-links with hydroxyl and carboxyl groups, resulting in calcium alginate
formation. Subsequently, it was rinsed with distilled water and dried. The
synthesized Ca-Alg/FesOs adsorbent appeared as dark-colored granules. The
wet adsorbent measured 5 mm, while the dried one measured 1 mm. The
physical form of the Ca-Alg/Fe;O4 adsorbent is shown in Figure 2.

Figure 3, it can be observed that there is a shift in wavenumbers in the
FTIR spectrum towards lower values before and after adsorption. The shift in
the Fe-O group wavenumber is from 617.2 cm to 601.7 cml. Furthermore, the
C=0 group's wavenumber shifted from 1618.28 cm-! to 1608.63 cm-!, while the -
OH group's wavenumber shifted from 3412.08 cm- to 3401.6 cm-. These
wavenumber shifts occur due to the ionic interaction between the carbonyl
(COO) and hydroxyl (-OH) groups of the adsorbent. There is an ion exchange
between Ca?* ions and Ce(Ill) ions, resulting in a change in the energy required
for vibration. This indicates an interaction between the active groups of the Ca-
Alg/Fe304 adsorbent and the Ce(III) solution.

The surface morphology of the Ca-Alg/FesOs adsorbent in Figure 4
appears smoother before contact with the Ce(Ill) solution compared to the
adsorbent after contact, which appears rougher. However, from these results, it
cannot be definitively stated that the change in surface roughness of the
adsorbent after the adsorption process is solely due to Ce(IlI) ions. Based on the
EDS data presented in Table 1, the main composition of the Ca-Alg/Fe;O4
adsorbent consists of C, O, Ca, and Fe. Meanwhile, the EDS data for the
adsorbent after adsorption show the presence of cerium (Ce). Therefore, it can
be inferred that the change in the adsorbent's morphology is likely due to the
adsorbed Ce ions on the adsorbent surface.

The composition of the adsorbent affects its adsorption capacity for Ce(IIl)
solution. From Figure 5, it is observed that the adsorption capability of the Ca-
Alg/Fe304 adsorbent is optimal with the addition of 0.5 g Fe3Os, which occurs
at a composition ratio of sodium alginate: Fe;O4 at 2:1 (w/w). Excessive Fe3O4
addition can block the pores of the calcium alginate, thereby reducing the
adsorption capacity of the Ca-Alg/Fe;O4 adsorbent for Ce(IlI) ions.

Figure 6.a demonstrates that an increase in pH contributes to an increase
in the percentage of adsorption. At pH 2, the adsorption percentage of the
adsorbent is very low. This is due to the high concentration of H* ions in the
solution at low pH, resulting in competition between H* ions and Ce(IlI) ions to
interact with the -COO- groups present in the alginate. As a consequence, the
number of Ce(IIl) ions bound to the alginate decreases. The optimum pH for the
adsorption process occurs at pH 4, indicated by a moderately increased %
adsorption. At pH 4, the adsorbent is saturated as all active sites have bound
Ce(IlI) ions. At pH values higher than 4, there is a concern that Ce(IlI) ions may
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interact with OH- ions, resulting in Ce(OH)s precipitates. "Figure 6.b shows that
an increase in the adsorbent mass results in a higher adsorption percentage.
With a greater amount of adsorbent, there are more active sites available for the
adsorption of Ce(Ill) ions. The % adsorption of Ce(Ill) ions tends to stabilize
beyond an adsorbent mass of 0.075 g, suggesting that the optimal adsorbent
mass for Ce(Ill) adsorption is 0.075 g.

An increase in contact time leads to an increase in % adsorption. The
longer the contact time, the more opportunity the adsorbent has to interact with
the adsorbate, resulting in a higher quantity of adsorbate being bound to the
adsorbent. The optimal contact time for the adsorption process was reached at
3.5 hours. Based on figures 8.a and 8.b, it was found that the R? value for the
Langmuir adsorption isotherm (R?=0.9962) is higher than the R? value for the
Freundlich isotherm (R?=0.8443). This indicates that the adsorption process of
Ce(Ill) ions by the Ca-Alg/FesOs adsorbent follows the Langmuir isotherm
model. The Langmuir isotherm model assumes that the adsorbent surface is
homogeneous, and the adsorbate attached to the adsorbent surface forms a
single layer (monolayer) without any interaction between adsorbates during the
adsorption process.

The Ca-Alg/Fe3Os adsorbent shows fairly good reusability for up to three
cycles. The adsorption percentage decreases with increasing cycles, although
not significantly. This indicates that the adsorbent remains effective for use up
to three repeated cycles.

CONCLUSIONS AND RECOMMENDATIONS

In this study, calcium alginate adsorbent containing Fe3;Os (Ca-Alg/Fe3Ox)
has been successfully synthesized and found effective in adsorbing Ce(III) ions.
The optimal conditions for the adsorption process were achieved at pH 4, with
an adsorbent mass of 0.075 grams, and a contact time of 3.5 hours. The
adsorption of Ce(Ill) ions using the Ca-Alg/Fe;Os adsorbent follows the
Langmuir adsorption isotherm model which showed a maximum adsorption
capacity value of 50.505 mg/g. A regenerating agent for reusing the adsorbent
is a 0.01 M HNGO; solution. Provide some conclusions and implementation of
the research results. For further research, it is necessary to conduct selectivity
tests of the adsorbent using other REEs interfering ions.
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