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Abstract: We synthesized and characterized amidoxime-modified Fe304/SiO; core-shell magnetic
microspheres tailored for maximal U(VI) sorption efficiency from seawater. Through meticulous
structure and spectroscopy analyses, the microspheres, which were designed with amidoxime
functionality, exhibited remarkable U(VI) sorption capabilities compared to raw silica-coated
Fes04 counterparts. The maximum percent uranium adsorption (98.57%) was achieved at 60 minutes
with 0.05 g of adsorbent, using a synthetic solution of 25 mg L ™! UO2(CH3COO0),. 2H,0 at pH 7 and
25 °C (298 K). The kinetic studies highlighted rapid equilibrium achieved within 1 hours. Following
the pseudo-second-order model, the microspheres reflected a maximum sorption capacity
of 24.286 mg g™ at pH 7 and 298 K. The U(V1)-loaded microspheres could be efficiently separated
via an external magnetic field with adsorption efficiency of 91.67% at pH 6.5 and efficiently
regenerated by HCI, indicating their potential for U(V1) preconcentration and separation from seawater.
This research contributed to the development of high-performance sorbents for U(VI) removal and
holds promise for solving the radioactive element elimination and enrichment, performing its stability,
selectivity, and reusability across multiple cycles.
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1. Introduction

Uranium, which occurs mostly in the form of U(V1) in the environment, has enormous strategic
and ecological significance amidst global challenges. Dwindling fossil fuel reserves and the urgent
need to combat climate change have led many countries to turn to nuclear power as an alternative
energy source, increasing their dependence on uranium [1,2]. This increasing demand has driven
ongoing efforts to extract uranium from diverse and unconventional resources, including seawater.
However, the massive release of uranium into the environment due to nuclear activities poses a
significant long-term threat to ecosystems and organisms. Regulatory bodies such as the World Health
Organization impose strict limits on uranium concentrations in drinking and spring water, underscoring
the urgent need for highly effective uranium recovery from aqueous solutions. Researchers have
carried out exploration of heavy metals to investigate anthropogenic and natural sources of metals in
marine waters [3,4]. Therefore, designing efficient and sustainable uranium extraction methods
becomes important not only for energy security but also for environmental protection[5]

Adsorption method has emerged as a promising technique due to its simplicity, cost-effectiveness,
and wide applicability. The search for new adsorbent materials with attributes such as high surface
area, fast adsorption kinetics, and pH stability has gained significant traction. Recent studies
demonstrating the potential of nanomaterials, such as nano oxides, nanocarbons, and carbon-based
nanocomposites, have revealed their extraordinary absorption capabilities. However, challenges
remain in efficiently separating these sorbents from the post-saturation water phase, thereby limiting
their scalability for treating larger volumes of water [6,7]. Magnetic nanoparticles (MNPs), especially
Fes04, are promising but have limitations such as susceptibility to oxidation, leaching in acidic
conditions, and aggregation in solution, thereby affecting their absorption capacity [8,9].

To address these challenges, extensive attention has been devoted to modifying MNPs' surfaces
through physical coating or covalent binding. For instance, Humid-acid—coated FesO4 nanoparticles
have proven efficient in removing Eu(ll1)[10], and Pb(IN)[11]. Similarly, Chitosan-coated Fe3O4
nanoparticles exhibited a notable capability in extracting Cu(I1)[12]. SiO2 emerges as an optimal shell
constituent owing to its stability, resistance to redox reactions, and ample surface hydroxyl groups[13].
Amidoxime, renowned for its amphoteric qualities and strong affinity for U(VI), has displayed
exceptional performance in modifying substrates to facilitate efficient U(V1) recovery[14]. Utilizing
amidoxime, this research has adapted core-shell FesO4 to produce amidoxime-modified Fe304/SiO2—
AO. This material shows promising potential in extracting U(V1) from aqueous solutions, accompanied
by investigation of uptake Kinetics, geochemical effects, uptake capacity, stability, and regeneration.
These findings provide valuable insights in evaluating the application potential of Fes04/SiO>—AO for
effective U(VI) recovery and removal, especially from unconventional sources such as seawater. This
emphasizes the role of surface-modified magnetic microspheres as a viable solution to address these
pressing challenges. By focusing on improving absorption efficiency and stability, we aim to bridge
the gap between the increasing demand for uranium and the urgent need for environmentally friendly
extraction techniques, thereby paving the way for sustainable energy practices and ecological
preservation.

In this study, FesO4 coating with silica can be carried out using the sol-gel method and amidoxime
functionalization as research Zhao et al, (2013)[15]. The effect of Amidoxime on the characteristics of
Fe304/Si02-A0O nanocomposites were also observed. Characterization of Fes0a, Fes04/SiO2, and
Fe304/Si0O2-A0 nanocomposites using Fourier transform infrared (FT-IR) to identify functional groups,
detailed information about the crystallographic structure used X-Ray diffraction analysis (XRD), and
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measurement the magnetization used Vibrating-sample magnetometry (VSM) methods. Uranium
adsorption is carried out, including variations in the amount of adsorbent and contact time to find the
its kinetics by Fe304/SiO2-AO nanocomposites[16]. The uranium concentration test was carried out
using the UV-Vis Spectrometer method, was chosen because there are already many of them people
have used it since the first time introduced by Currah and Beamish, (1948)[17].

2. Experimental details
2.1. Materials

FeCl3z-6H20, FeS04.7H0, ethanol, NH40OH, SnCl,, H.SO4 HCI, and 5N HNOz were provided by
Duta Jaya Laboratory Supply (Indonesia). NH4sSCN was produced by Phy Edumedia Malang
(Indonesia). Tetraethyl orthosilicate (TEOS) and glutaraldehyde (Glu) were produced by Nitrakimia
Laboratory Supply (Indonesia). 3-aminopropyl triethoxysilane (APS), K>COsz, NH>OH-HCI,
Diaminomaleonitrile (DAMN 99%), and UO2(CH3COQ)..2H.0 were purchased from Chemical
Laboratory Supply SIP Malang (Indonesia). All reagents were of analytical purity and used without
further purification.

2.2. Methods
2.2.1. Preparation of FesO4 Nanoparticles

The Fe304 nanoparticles were synthesized using a procedure similar to a prior study[9]. A mixture
of 75 mL of 0.19 M FeSOa-7H20 solution and 75 mL of 0.25 M FeCls-6H-0 solution were mixed in a
250 ml beaker glass. The mixture was heated to a temperature of 90 °C, and added 10 mL of 25%
NH4OH solution. This solution was stirred for 30 minutes using a magnetic stirrer. The resulting black
precipitate was filtered using distilled water until it reached a neutral pH of 7. The precipitate was
subsequently dried in an oven at a temperature of 50-60 °C for a duration of 5 hours. To achieve
homogeneity, the obtained solids were ground using a mortar and pestle.

2Fe®*(aq) + 60H (aq) — 2Fe(OH)3(s)
Fe?*aq) + 20H (aq) — Fe(OH)2(s)
2Fe(OH)3(s) + Fe(OH)2(s) — Fes0a(s) + 4H20(1)

____—-——/_V

[

Figure 1. Synthesis results of Fe3sO4 nanomagnetite applied with magnet external.
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2.2.2. Preparation of Fes04/SiO2

The synthesis of Fe304/SiO2 microspheres with a core/shell structure was conducted using sol-
gel method [18]. In a typical procedure, 1 g of the FesOa4 particles prepared earlier were dispersed in a
solution containing ethanol (100 mL), water (25 mL), and NH4OH (2.5 mL) through ultrasonication
for 30 minutes. Furthermore, 6 mL of TEOS was slowly added drop by drop, and the reaction was left
to progress for 5 hours with continuous stirring. The resulting product was gathered via centrifugation,
washed thoroughly with distilled water and ethanol multiple times, and then dried under vacuum
conditions at 60 °C for 6 hours.

2.2.3. Preparation of Fes04/SiO2-A0

a. Fe304/SiO2-APS

Atotal of 0.5 gram of Fe304/SiO2 microspheres were immersed in 50 mL of ethanol. Subsequently,
0.2 ml of APS was mixed and refluxed at 70 °C for 16 hours. After that, the resulting product was
centrifugated, washed with both distilled water and ethanol, and finally dried under vacuum conditions
at 60 °C for 6 hours.
b. Fes04/SiO2-APS-Glu

The solid Fes04/SiO2-APS-Glu obtained earlier was dispersed in a solution containing 1.1 mL of
glutaraldehyde mixed with 100 mL of ethanol at room temperature. It was then stirred continuously
for 3 hours to facilitate the-presence of the aldehyde group. The released product was collected,
centrifuged, and rinsed by water and ethanol.
c. Fes04/SiO2-APS-Glu-DAMN-AO

Fe304/Si02-APS-Glu was immersed in a solution containing 0.5 g Diaminomaleonitrile (DAMN),
which is dissolved in 100 mL of ethanol at room temperature for 3 hours. The resulting solid
Fe304/Si02-APS-Glu-DAMN was isolated and purified. Subsequently, it was added with 1.0 g K2CO3
and 1.0 g NH2OH-HCI dissolved in 100 mL of ethanol for 6 hours at 70 °C within a sealed flask. The
produced Fez04/SiO,—AO was retrieved via centrifugation, followed by washing with distilled water
and ethanol. The mixture was then dried and conducted under vacuum conditions at 60 °C. The
synthesis process is outlined schematically in Figure 3.

Figure 2. Fe304/SiO>—AO nanocomposite applied in an external magnetic field.
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Figure 3. Schematic illustration of the preparation procedure of Fe304/SiO>—AO.
2.3. Characterization of FesO4 Nanoparticles and Fe304/SiO.-AO Composites.

The initial characterization of the FesO4 and Fe304/SiO2-A0 nanoparticles involved employing a
Fourier transform infrared spectrometer (FT-IR, Shimadzu IR Prestige 21) to identify the compounds'
functional groups. Subsequently, X-ray diffraction (XRD, PANalytical X'Pert Pro) was utilized to
assess their crystallinity, while vibrating-sample magnetometry (VSM, DXV-100~550 Series) was
employed to determine the magnetic moment.

2.4.Uranium analysis
2.4.1. Calibration Curve Preparation

The uranium was analyzed by UV-Vis using the Ascorbic Acid and Stannous Chloride Methods
reagent. A 2000 ppm uranium solution was taken 50 mL and diluted to 1000 ppm. Then, 2.5; 5; 10;
and 25 mL were taken from the solution to make uranium solutions with concentrations of 25, 50, 100,
and 250 ppm. Each solution was added with 5 drops of concentrated HCI, 15 mL of distilled water, 8
mL of 8 M NH4SCN solution, and 2 mL of 10% SnCl; solution. The solutions were diluted, left for
+30 minutes for color formation.

2.4.2. Preparation and measurement of sample solutions

Sample solution of uranium was taken 5 mL and added to a 25 mL volumetric flask. To each
volumetric flask, 5 drops of concentrated HCI (including the blank), 15 mL of distilled water, 8 mL of
8M NH4SCN solution, and 2 mL of 10% SnCl; solution were added. The solution was then eluted with
distilled water up to the mark. The solution was homogenized by shaking and left for approximately
30 minutes before measuring using UV-Vis spectroscopy at a wavelength of 380 nm.
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2.5. Adsorption Experiment

The uranium adsorption was investigated through batch experiments. Initially, different quantities
of Fe304/Si02-A0 nanocomposites 0.01 g, 0.02 g, 0.05 g, 0.075 g, and 0.1 g were placed into separate
Erlenmeyer flasks. Subsequently, 50 mL of a 25 mg L uranyl acetate solution was added to each flask.
These Erlenmeyer flasks were then agitated at 150 rpm for one hour at neutral pH and room
temperature. The primary objective of this experiment was to determine the optimal amount of
adsorbent needed for effective uranium adsorption. To establish the ideal contact time between the
adsorbent and adsorbate, the contact time variation was initiated, ranging from 5 to 85 minutes.
Furthermore, the solution was filtrated using Whatman 42 filter paper to separate the nanocomposite
from the solution. The filtered sample was analyzed to determine the uranium concentration by UV-
Vis spectroscopy at a wavelength of 380 nm. The calculated of the uranium adsorbed onto the
Fe304/Si02-A0 was used in the designated formula, as follows:

Adsorption % = % x 100 (1)
qe — (CO—CT:)X 14 (2)

0e (mg g) shows the adsorption capacity, Co (mg L) and Ce (mg L™) show the uranium
concentration before and after the adsorption process, m (g) and V (L) show the amount of adsorbent,
and the volume of the solution, respectively.

2.6. Regeneration and stability experiments

The regeneration was determined through desorption experiments, where a given mass of 0.02 g
of adsorbents was thoroughly rinsed and dispersed in 0.05L of 0.1 M HCI solutions and shaken at 150
rpm for 60 min at 299.5 K. After magnetic separation, the remaining U(VI) concentration in the
supernatant was measured to evaluate the desorption percentage. The regenerated Fe304/SiO2-AO was
washed thoroughly with distilled water and then used for the next sorption—desorption cycle.
Additionally, the leached Fe concentration in the supernatant was determined by UV-Vis spectroscopy
based on complex Fe?* 1,10-Phenanthroline. The desorbing agents used in this study included HCI
(0.1 M and 1.0 M) to determine the stability of Fe in Fe304/SiO>-AQO. The calculated of efficiency
percent uranium adsorption and desorption to the FesO4/SiO2-AO were used in the designated formula,
as follows:

Adsorption Efficiency % = Ie 4 100 (3)

Desorption Efficiency % = % x 100 (4)

Cad (mg L-1) show the uranium concentration after the desorption process.
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3. Results and discussion

3.1. Characterization of Fe3O4, Fe304/SiO2, and Fe304/SiO2-AO Nanocomposites

The XRD analysis of the Fe3Os nanoparticles and Fe304/SiO2-AO nanocomposites were
conducted by comparing the diffraction peaks with those of pure FesOs obtained from the
Crystallography Open Database (COD) with ID number 1011032. All the diffraction peaks coincided
with those of the cubic phase of the FezO4, with peak positions at 20: 18.25°, 30.18°, 35.55°, 43.20°,
53.57°,57.15°, and 62.78°, corresponding to (111), (220), (311), (400), (422), (511), and (440) planes
of the Fe3sO4. The XRD pattern of the the Fe304/SiO2-AO nanocomposite showed a decrease in the
diffraction intensity, all the FesO4 diffraction angles, and a broad peak at 26 = 22°, which is associated
with amorphous silica[19]. No other crystal peaks were detected, indicating the absence of other

crystalline phases.

Silica
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Figure 4. XRD Patern of FesO4 and Fe304/SiO2-AO Nanocomposites.
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Figure 5. The infrared spectra of (a) FesOs, (b) Fes04/SiO2, and (c)Fe304/SiO2-AO

Nanocomposites.

The FT-IR spectra of Fe30s, Fe304/SiO2, and Fes04/SiO2-AO were examined to detect any
changes due to the amidoxime functional group modification, as shown in Figure 5. The peak observed
at 657 cm! signifies the stretching vibration of the Fe—O bond (Figure 5a). Additionally, a broad band
ranging from 802 cm~ to 1103 cm* indicates the Si-O—H and Si—O-Si [19] stretching vibrations. It
showed the presence of a silica coat on the magnetite surface (Figure 5b). Figure 5¢ shows that there’s
slight bands emerging at 2164 cm™ and 2231 cm™, signaling the C=N stretching vibration. An
intriguing observation is the split of the C=N absorption band into two peaks, potentially due to the
differing chemical environments of the two C=N groups post in the condensation reaction [20]. On
the Fes04/SiO,-AO spectrum (Figure 5c), the C=N absorption registers at 1647 cm~ and 964 cm™,
representing the C=N and N-O stretching vibrations specific to the amidoxime groups,

respectively [21].
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The magnetic characteristics of Fes04, Fe304/SiO2, and Fes04/SiO2-AO were analyzed through
magnetization curves at room temperature (Figure 6). This curve shows no hysteresis loops, indicating
the superparamagnetic behavior of both materials. The saturation magnetization (Ms) values were
measured at 56.13, 31.92, and 22.47 emu g™ for FesOa, Fes04/SiO2 and Fes04/SiO2-AO, respectively.
Although there was a decrease in saturation magnetization due to a low magnetite content after a layer
of non-magnetic mesoporous silica and amidoxime was covered by the nanomagnetic surface.
However, the separation of Fe304/SiO2-AO was easily separated from the reaction medium using an
external magnet. Thus, it is possible to reuse the nanocomposite in the adsorption-desorption process.
Pourgazi et al, 2017 reported that the magnetic material which has an Ms value of around 22 emu g*
shows a sufficient magnetic response as an adsorbent [22]. Magnetic separation can be achieved
completely within 1 min by placing a magnet near the vessel containing the Fe304/SiO2-AO suspension
(Figure 6).

3.2. Uranium Analysis with Ascorbic Acid and Stannous Chloride Methods

During the staining process, the thiocyanate ion reacts with the uranyl ion in an acidic
environment. The yellow color from the uranyl thiocyanate complex remained stable for 48 hours.
This method is suitable for determining uranium (V1) concentrations ranging from 4 to 40 mg L™ [23].
The addition of concentrated HCI to both the standard and sample solutions is intended to ensure a pH
below 1. It is necessary to prevent the hydrolysis of the SnCl> solution. After adding concentrated HCI,
it was added immediately 15 mL of distilled water to prevent the decomposition of the NHsSCN

AIMS Environmental Science Volume 11, Issue 1, 21-37.
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solution. The decomposition of SnCl> and NH4SCN solutions can lead to errors in color intensity and
must be avoided. Measurements of standard, sample, and blank solutions are taken after allowing the
staining solution to react for approximately 30 minutes. During measurements, standard blank and
sample blank solutions are required to correct for any absorption from the blank solution matrix. The
results of measurements on standard solutions with concentrations of 25, 50, 100, and 250 mg L™ are
used to create a calibration curve as presented in Figure 7. As listed in Table 1, the absorbance values
of standard points provide data for constructing the calibration curve shown in Figure 7. This figure
reveals a linear relationship between absorbance and concentration (R? value of 0.9925).
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Figure 7. The Calibration Curve of Uranium Analysis.

3.3. Application of Uranium Adsorption

The efficacy of uranium adsorption is directly related to the quantity of adsorbent used.
Employing a dose of 0.05 g of adsorbent led to an impressive 98.57% uranium adsorption efficiency.
The increasing of mass adsorbent correlated with the ability more active sites significantly enhancing
the uranium adsorption capacity of the Fe304/SiO.-AO-nanocomposites. However, the effect of the
adsorbent dose on the uptake of U(V1) shows that with an increase in the adsorbent dose within the
range of 0.01-0.05 g/L. Further increase of the adsorbent dose from 0.05 to 0.075 g/L would lead to a
reduction in the removal percentage, possibly due to the decline of specific surface area and active
sites due to adsorbent nanoparticle aggregation[24].
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The impact of contact duration on uranium absorption by Fez04/SiO2-AO nanocomposites is
under examination, as depicted in Figure 8b. It clearly illustrates that absorption levels rise with
prolonged contact time. The peak absorption occurred after 60 minutes, followed by a decline in
absorption at the 75-minute. The highest equilibrium adsorption capacity for uranium stood at 24.286
mg g ! at 60 minutes, and then diminished to 23.929 mg g! at 75 minutes. This indicates that the
adsorbate molecules are not completely binding to the active sites of the adsorbent due to saturation,
resulting in partial detachment and subsequent reduction after the optimum period. This further
suggests that the increasing contact time caused the available surface area to decrease, impacting the
adsorbent's ability to capture uranium molecules. Moreover, the rate of uranium molecule release
increases until it stabilizes. This indicates that the adsorbent has reached its optimal contact time.

3.4. Adsorption Kinetic of Uranium

We continued to investigate the uranium adsorption kinetics by Fe3s04/SiO.-AO nanocomposites
ranging from 5 to 85 minutes. Both the pseudo-first-order and pseudo-second-order kinetic models
were applied. The indicators such as g (mg g') and ge (mg g') track the quantity of absorbed uranium
at specific time intervals and at equilibrium, respectively. The rate constants, k; (min') and k>
(9/mg-min), integral to the pseudo-first-order and pseudo-second-order kinetic equations, are derived
by examining the gradient of the natural logarithm of (ge - gt) against time (t) and the intercept of the
graph [25], as shown in the Figure 9. The data analysis regarding with the initial concentration, final
concentrations at specific intervals, and its equilibrium concentration was determined to find the most
suitable kinetics model. These experiments were conducted at 25 °C (298 K), commencing with an
initial uranium concentration of 25 mg L' in a 50 mL solution, utilizing Fe304/SiO2-AO
nanocomposites weighing 0.05 g, as listed in Table 1.

Pseudo-first-order equation:  In(qe— q; ) = Inq._ kqt (5)
: t 1 1
Pseudo-second-order equation: — = + — (6)
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Table 1. Experimental results at 25 °C (298 K), contact time ranged 5-85 minute.

Time (min) Ct(mg LY gt (mgg™) log (Qe-qv) t/qt

0 25 0 1.385 0

5 9.64 15.357 0.951 0.326
15 8.57 16.429 0.895 0.913
25 7.86 17.143 0.854 1.458
30 7.14 17.857 0.808 1.680
45 4.64 20.357 0.594 2.211
50 3.57 21.429 0.456 2.333
60 0.71 24.286 - 2.471
75 1.07 23.929 0.252 3.333
85 0.71 24.286 - 2.471

In this investigation, the uranium adsorption kinetics were observed to conform to a pseudo-
second-order model (Figure 9b). The linear regression coefficient (R?) suggests that the pseudo-
second-order kinetics model offers a more appropriate explanation for the uranium adsorption process
involving Fe304/SiO2-A0 nanocomposites (Table 1). This implies that prolonged contact between the
nanocomposites and uranium ions results in an increased ratio of time to capacity. Consequently, the
influence of valence forces on the shared electron utilization between the adsorbent surface and organic
molecules impacts the adsorption rate.

Table 2. Kinetic parameters of uranium adsorption by Fez04/SiO2-AO based on Pseudo-
first order and Pseudo-second order.

Pseudo-first order Pseudo-second order
Metal lons - . .
Ce-exp Qe;cal K1 (mm'l) R Qescal Ko (g/mgm) R
U(Iv) 24.286 11.541 0.024 0.910 22.624 8.33E-03 0.981

The ge value calculated using the second-order pseudo model was almost close to the experimental
0e Value (Qe,exp), While the correlation coefficient (R?) of the first-order pseudo model was lower than
that of the second-order pseudo model. This shows that the experimental data agree better with the
simulation data of the pseudo-second-order model than with the pseudo-first-order model. These
results strongly suggest that the dominant mechanism controlling the rate of U(VI) adsorption by
Fe304/Si02-A0 indicating the strong surface complexation or chemical adsorption.
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3.5. Applications of Uranium Adsorption in Seawater

The seawater used in this research was taken in the sea area of the south coast of Prigi Bay and
the collection location refers to Wijaya et al, (2019) [26,27]. They reported the seawater quality was
within the WHO threshold. Evaluation of the performance of the adsorbent Fez04/SiO2-AQ in uranium
adsorption was carried out in two pH conditions at pH in the located sampling and at pH 10. The
adsorption was carried out during the optimum contact time with a simulated seawater solution spiked
with 25 mg L™ uranium. The uranium concentration before and after adding 25 mg L™ spike solution
was obtained at 0.357 mg L™ and 22.42 mg L.

Table 3. Uranium adsorption efficiency in seawater with adsorbents FezO4/SiO2-AQ.

pH Co (mg L™ Ce (mg L) de (Mg gb) AE %
6.5 22.42 1.79 19.64 92.01
10 22.42 3.21 18.21 85.68

Notes: AE means Adsorption Efficiency.

As listed in Table 3, the adsorbent has of 92.01% AE at pH 6.5 and decreased to 85.68% at pH
10. This indicates the effect of pH on the interaction between the adsorbent surface and the uranium
species in solution. At pH 10, the deprotonation of functional groups in the nanocomposite is more
significant, creating a more negatively charged surface, which increases the interaction between
negatively charged surfaces to form noncomplex species such as UO2(OH)* and UO3(OH)" in solution.
However, at very high pH, U(VI) hydrolysis becomes more significant, producing U(VI) species that
cannot be complexed, causing electrostatic repulsion between the negatively charged nanocomposite
and the also negatively charged uranyl ions, leading to decreased adsorption performance. At pH 6.5,
deprotonation of some functional groups of the nanocomposite slightly reduces the repulsion between
the negatively charged surface and uranium ions, facilitating absorption[20,28].
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3.6. Regeneration and stability studies

The regeneration of sorbents is a crucial aspect in evaluating their potential environmental and
economic impact. In the study by Zhao et al, (2014)[29] amidoxime-functionalized magnetic
mesoporous silica microspheres were synthesized for selective sorption of U(VI). The amount of U(V1)
absorption is suppressed under acidic conditions, thus indicating that acid treatment is carried out for
regeneration of U(VI)-loaded Fe304/SiO2-AO. The study shows that Fes04/SiO2-AO has potential as
a candidate for selective separation of U(VI) from aqueous solutions in possible real applications on

seawater.

Table 4. Regeneration and reuse cycles of Fe304/SiO2-AO in the sorption of U(VI)

Adsorption- Co(mgL?Y)  Ce(mgL?) qge(mgg?) Ca(mgL?l) AE% DE%
desorption and
reuse cycles
1 22.42 0.36 22.06 20.357 98.41 92.27
2 22.42 2.15 20.28 15.71 90.44 77.49
3 22.42 1.79 20.63 15.36 92.04 74.42
4 22.42 2.14 20.27 14.64 90.44 72.21
Notes: DE means Desorption Efficiency.
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The study investigates the regeneration of Fe304/SiO2-AO nanocomposite for U(VI) adsorption
using spiked original seawater samples and 0.1 mol-Lt HCI. The results show that the nanocomposite
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Figure 10. Effect of HCI concentration on Fe Leaching.
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has a high EA level of 90.44-98.41% the four absorption cycles, indicating its good performance for
U(VI) adsorption. The U(VI) desorption from the Fe304/SiO-AO surface in the first cycle was 92.27%
and slightly decreased in cycles 2-4 was 77.49-72.21% (%RSD=3.55). Moreover, the adsorption
capacity remains constant with still suggests a high level of regeneration and reuse. The stability of
Fe304/SiO2-AO under acidic conditions was evaluated by monitoring the amount of Fe leaching after
different contact times with HCI concentrations (0.1-1M). The results demonstrate that the amount of
Fe leaching within 1-5 hours is largely inhibited in acidic solutions due to the success of the SiO>
coating and the high stability of FesO04/SiO2-AO under acidic conditions.

4. Conclusions

The successful synthesis of Fe304/SiO2-A0 nanocomposites involved the efficient extraction of
SiO2 from TEOS sand and amidoxime. These nanocomposites exhibited a variety of functional groups
Fe-O, Si-O-Si, Si-OH, C=N, OH", and NH: that proved advantageous in facilitating the adsorption
process. After its optimization, the ideal conditions for uranium adsorption by these nanocomposites
were determined using 0.05 g of adsorbent with a contact time of 60 minutes. We obtained the
maximum percent uranium adsorption was at 98.57%. The adsorption process was well-explained by
pseudo-second-order models, highlighting their effectiveness in describing uranium adsorption in to
Fe304/SiO2-AO nanocomposites. Furthermore, Fes04/SiO2-AO loaded with uranium can be
conveniently separated from water solutions using a magnet external and adsorption efficiency
uranium in seawater of 92.01% at pH 6.5 and efficiently regenerated by HCI. The straightforward
process, quick action, and efficient sorption capabilities of Fe304/SiO>-AO holds promise as a
remarkably efficient material for extracting and recovering uranium from polluted wastewater and
seawater.
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