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ABSTRACT

The take a look at highlights the potential of making use of agricultural by way of-merchandise for
sustainable nanoparticle synthesis and their packages in environmental remediation. This paper offers
a green synthesis method for (CeO,) nanoparticles the use of ethanol extract from Citrus aurantium
peels sourced from Al-Hussainiyah, Iraq. The green synthesis method leverages the herbal
antioxidant of Citrus aurantium peels, presenting a sustainable and green alternative. The synthesized
CeO> nanoparticles have been characterized the usage of numerous techniques, along with FTIR
spectroscopy, XRD, FE-SEM with (EDX) and BET. The nanoparticles exhibited like-rose berry
morphology with a mean crystal size of 12 nm and excessive crystallinity. BET analysis indicated a
specific surface area of 173.309m?/g and a mean pore diameter is 3.06nm, ensuring a mesoporous
structure. The perfect removal of 10 ppm of eosin yellow dye using 0.025 g of CeO2 NPs turned into
pH 6 at 90 min which agreed with zeta potential analysis, and the adsorption process followed pseudo-
second-order kinetics. The AH® of adsorption is 13.430 kJ/mol due to this reaction being physical
adsorption. The reusability study showed the CeO2NP could be successfully used up to the 3rd cycle

before a loss of 50% from efficiency.

Keywords: Green synthesis, Cerium oxide nanoparticles, Citrus aurantium Peel, Gas
Chromatography-Mass Spectrometry, Removal of wastewater.
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INTRODUCTION

Green chemistry approach is significant for the future prospect of nanomaterials. This area of
nanoscience should culminate in the development of safe, eco-friendly NPs and should have wide
acceptance in the nanotechnology [ 1]. Green synthesis method; provides a faster metallic nanoparticle
production by offering an environmentally friendly, simple, economical and reproducible approach.
Given the wide range of applications of metallic nanoparticles produced, biological methods play a
major role in the synthesis of metallic nanoparticles [2,3] using the extracts from leaves, flowers,
roots, peelings, fruits, and seeds of various plants[2]. Green materials contain polyphenols and
proteins that can replace chemical reagents as reducing agents to reduce metal ions into lower valence
state. In the presence of green materials and under suitable conditions, the quality of green synthesized
metal nanoparticles even surpasses those synthesized by chemical methods [4]. Green synthesis has
many advantages compared to chemical and physical methods: it is non-toxic, pollution-free,
environmentally-friendly, economical, and more sustainable. However, there are issues in the
extraction of raw materials, reaction time, and quality of final products. For example, the raw
materials are not widely available, the synthesis time is long, and the particle size of the product is
highly homogeneous [5]. There have been reports of green syntheses of CeO, NPs utilizing microbial,
plant, and other biological derivatives. Because of their quantity, safety, and abundance of reducing
and stabilizing substances, plants have shown to be the most effective source in this regard [6]. Plant
materials including leaves, flowers, and stems have all been utilized to create CeO2 NPs [7, 8]. Since
leaves are a rich source of metabolites, the majority of green synthesis research to far has focused on
leaf extracts [7,9]. As reducing and stabilizing agents, a wide range of metabolites/phytochemicals,
including ascorbic acid, phenols, ketones, and carboxylic acids, are employed in plant extracts

Figure (1).

Phytochemicals
extraction from
citrus aurantuim peels

Reduction
80°C,4-6h

Figure 1: Green synthesis of cerium oxide NPs: Reduction, growth and stabilization
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A straightforward method is used to create plant-based CeO2 NPs: the extract is combined with bulk
metal salt, and the reaction takes place in a matter of minutes to several hours under standard
laboratory conditions [9-11]. Through the use of phytochemicals, the metallic salt solution is reduced
into the corresponding nanoparticles. The production of these nanoparticles is first verified by a
change in color from colorless to yellowish, brownish, or whitish, and subsequently described using
a variety of spectroscopic and imaging techniques. [7,11, 12]. This study aims to develop a green
production method for cerium oxide (CeO2) nanoparticles utilizing Citrus aurantuim peel ethanol
extract. This technique aims to provide CeO2 NPs in an eco-friendly manner by utilizing the inherent
antioxidant and reducing properties of Citrus aurantuim peels. To optimize the system, the synthesis
parameters will be thoroughly examined. The resulting nanoparticles will be characterized by their
size, shape, crystallinity, surface properties. The removal of Eosin yellow dye will be examined at
optimal conditions.

MATERIAL AND METHODS

The source of Citrus uranium peels is Iraq, which served as the renewable uncooked fabric as shown

in Figure (2).

Figure 2: Citrus aurantuim.

All used reagent and materials were applied without any purification and they illustrated in Table 1.

Table (1) Reagent and materials.

The chemical compounds Purity Company
Ethanol 99% Sigma-Aldrich
Cerium Chloride (IIT) 99% Merck, Germany
Eosin yellow dye(C20HeBrsNaxOs) 99% BDH, England
Ammonia 35% BDH, England
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Mythology

Extraction of bioactive material from Citrus aurantuim peels

The extraction technique was started with the gathering of fresh Citrus aurantuim peels. Thorough
washing the removal of impurities, and subsequent drying at room temperature for 48 hours were
done to eliminate moisture. The 800 g of dried peels was powdered using a mechanical grinder.
Consequently, Soxhlet extraction was used to extract the bioactive compounds. Specifically, 370 g
of the peel powder underwent extraction with 200 mL of ethanol for 6 hours. Whatman No. 1 filter
paper was used to filter the extract in order to remove all solid residue materials, and the extract was
then concentrated, yielding an effective source of bioactive compounds.

Green Synthesis of CeOz NPs

The steps of the green synthesis of CeO> NPs using the ethanol extract for Citrus aurantuim peel was

displayed in Figure (3).

CeO,NPs

washing and drying
grinding
TCalcination at600°C

Filteration and washing

Tfor 4-5 hour
addition CeCl; 6H,O § : o
P—
heating at 70-80°C O\

Figure 3: The schematic diagram of green synthesis of CeO2 NPs using ethanol extract of peels

Citrus aurantuim.
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After collected, washing and drying of Citrus aurantuim peel, the bioactive compounds were
extracted using ethanol. Exact a 1g of the Citrus aurantuim peel extract was added of cerium ions
precursor solution with mixed for 10 min. This step shall allow to interact of the bioactive compounds
with cerium ions precursor for beneath non-stop agitation. To facilitate oxide nanoparticle formation,
ammonia was steadily adjusted the pH must be between 9 and 10, observed via 20 min of stirring.
Heating the aggregate at 80°C for 4-5 hours with continuous stirring triggered, the brown precipitate
was occurred. The final precipitate was washed with deionized water to cast off chloride ion residues,
followed by way of filtration and drying. Finally, calcination at 600 °C for 3h yielded the desired

CeOx NPs, prepared for comprehensive characterization.

RESULT AND DISCUSSION

CHARACTRIZATIONS

The bioactive components isolated from Citrus aurantuim peels were identified and quantified using
Gas Chromatography-Mass Spectrometry (GC-MS) analysis. Moreover, series of advanced
characterization techniques were employed in order to comprehensively understand the properties
and potential applications of the synthesized CeO, nanoparticles. These analyses included (FT-IR)
spectroscopy, X-ray Diffraction (XRD), field emission Scanning Electron Microscopy (FE-SEM),
Energy dispersive x-ray spectroscopy(EDX), Bruner—Emmett—Teller (BET) surface area analysis and
Zeta potential analysis. Each technique provided valuable insights into the composition, structure,
morphology, and surface characteristics of the nanoparticles, further elucidating their functional

capabilities.

GC/MS Analytical of Citrus aurantuim peel extract using polar solvent (ethanol)

Based on table 2 and figure (4), the bioactive components are essential oils that enhancement the
stabilization and detected the shape during growth of CeO:NPs. The GC/MS Analytical was
performed in certain Conditions such as Injection: amount = 1uL Split ratio = 1:5 Heat of injection
= 250 °C Column oven: initial temperature is 40 °C increase by 10 °C / min to 60 °C than to 210 °C
increase by 5 °C / min to 210 °C Final temperature: increase by 10 °C / min to 280 °C Sample
Preparation: 100 uL of the sample is diluted with SmL of ethanol (HPLC-Grade) before injection.

Gas flow ratio: 1 mL/min Pressure: 10 psi m/z Range:1 —2000. The results demonstrate the presence
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of Naringenin in 90.8% , and other alcohols, aldehyde and ketone compounds in good percentages
that enhanced the reducing of cerium ions to growth CeO> NPs, detecting the shape via growth with

a good stabilizing, and prevent the aggregation.

1.75 —

1.50 — 10
1.00 —| ] s
EY
0.75 —
&

0.50 | 7

T

O

1

) _M
T
10

o

GCps

IR
JJMW o
W i

T
30 40 50

0.00 —

2

Figure 4: GC/MS Analytical vs time Formulated ethanol extract of peel Citrus aurantuim.

Table 2: GC/MS Analytical for ethanol extract of peels Citrus aurantuim

Peak number | Retention time Area %Total | Mwt | Prab Name
(min) %%

Peak 1 5.491 4.242e+8 0.493 110 | 84.8 | 2-Furancarboxaldehyde, 5-methyl

Peak 2 8.654 8.631e+8 1.004 136 | 21.6 | Cyclohexene, 1-methyl-4-(1-
methylethenyl)-, (S)-

Peak 3 12.993 1.054e+9 1.226 122 42.0 | Benzoic acid

Peak 4 13.789 1.717e+10 19.965 126 | 83.6 | 5-Hydroxymethylfurfural

Peak & 15.492 1.864e+9 2.168 150 | 55.8 | 2-Methoxy-4-vinylphenol

Peak B 21.716 5.563e+8 0.647 122 | 69.8 | Benzaldehyde, 4-hydroxy

Peak 7 28.606 4.130e+8 0.480 162 54.3 | 7-Hydroxycoumarin

Peak 8 30.240 2.294e+9 2.668 256 | 87.1 | n-Hexadecanoic acid

Peak 9 30.737 1.779e+9 2.069 284 76.4 | Hexadecanoic acid, ethyl ester

Peak 10 31.624 9.498¢e+8 1.105 216 | 77.9 | TH-Furo|3,2-g][1]benzopyran-7-one, 4-
methoxy

Peak Il 34.685 4.745e+9 5.519 260 | 91.0 | Isoauraptene

Peak 12 35.450 1.830e+9 2.129 260 | 87.3 | Auraptenol

Peak 13 37.957 1.192e+10 13.862 278 | 97.3 | 8-(2,3-Dihydroxy-3-methylbutyl)-7-
methoxy-2H-chromen-2-one

Peak 14 42.329 2.478e+9 2.882 272 90.8 | Naringenin

Peak 15 43.246 4.569e+9 5.315 302 | 81.3 | Hesperetin

Peak 16 46.231 1.481e+9 1.722 | 414 | 54.5 | y Sitosterol

Peak 17 46.750 7.047e+8 0.820 402 97.8 | 3.4',5,6,7,8-Hexamethoxyflavone
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FT-IR spectroscopy

Figure (5) explains the FTIR spectrum of Citrus aurantuim peel extract by ethanol revealed the
existence of alcohols and phenols, peaks at 3360cm, corresponding to the frequency of O-H bonds
and hydroxyl bonds [13]. The C-H stretching vibration is responsible for the peak at 2928 cm!,
indicating the presence of some alkane compounds. The peak at 1639 cm ™! could be attributed to the
presence of a deformed aromatic ring, amino acids, flavonoids, and stretching vibrations of C=0
groups. The identified bands at 1049 cm™' could be due to presence of C—-O stretching vibration due

to an ester group or secondary alcohol [14].
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Figure 5: FT-IR spectrum for extracts ethanol of peel Citrus aurantuim.
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Figure 6: FT-IR spectrum of CeO:NPs using ethanol extract of peel Citrus aurantuim.

Copvyright © 2025. ZJHMS

IRROI

Academic Scientific Journals



(o) ALZAIRAA
Al-Zahraa Journal for Health and Medical Sciences 2025; 3:50-76 UNIVERSITY ]()I'R\_,\]_.

Health and Medical Science

57

Figure (6) demonstrates the FT-IR spectrum of cerium oxide using ethanol extract. This spectrum
indicates to reduce the peaks of active groups of the extractions, the new strong absorption peak at
447.5 cm™ is beyond to Ce-O particles. The peaks at 1400 cm ! and 1219 cm™ indicate to C-H bond
oscillation and C-C bond oscillation, respectively [15]. The wide peak at 3367cm™! and sharp peak
at 1624.1 cm™ are similar the position of the oscillation of the O-H bond and H>O in metal oxide

NP[16].

X-ray Diffraction (XRD)Analysis

The XRD analysis of the CeO, NPs was explained in Figure (7). The crystal planes of cerium oxide
NP observes cubic fluorite at the (111), (200), (220), (311), (222), and (400) are responsible for the
20 peaks at 28.3°, 36.4°, 49.1°, 58.4°, 65.8°, and 75.2°, respectively (JCPDS-00-034-0394). This

results is agreement with results that reported in lecture[ 16].
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Figure 7: XRD analysis of Green Synthesis CeO; NP.

The mean crystal size was calculated using the Scherer equation [17,18].

ki

D= 0

- BcosO

Where D is the crystal size, k is the shape aspect (typically 0.9), 4 is the X-ray wavelength (1.5406 A
for Cu Ka), p is the total width at half maximum (FWHM) of the height, and @ is the Bragg attitude.
The XRD data demonstrate the mean crystal size was found to be 12 nm .
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Fe-SEM of CeO; NPs.
Based on Figure (8), the SEM micrograph of the CeO, NPs that green synthesis using ethanol

extract of peels Citrus aurantuim, its particles aggregate as rose berry like with particle size range
between (30.2-46.3) nm. The particle of CeO> NP includes about 3- 4 crystal and that ensure its
polycrystalline.

el
SEMHV: 1500kV  WD:3.877 mm MIRAW TESCAN
SEM MAG: 100.00 kx  Det: iInBeam 500 nm ;
View field: 2167 ym  Date(m/dAy): 04/18/24 /]

SEMHV: 15.00kV  WD: 3.877 mm
SEMMAG: 10.00kx  Det: InBeam 5 pm
View fleld: 21.67 ym  Date(m/dAy): 04/18/24 /]

Figure 8: FE-SEM micrographs of Green Synthesis CeO, NP.

Energy Dispersive X-ray (EDX) Analysis
The elemental composition of cerium oxide nanoparticles was confirmed by Energy Dispersive X-

ray Spectroscopy) in Figure (9). The Ce and O atoms are the main elements in CeO> NP sample,

but the small amount of C atoms occur via used as substrate in this analysis.
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Figure 9: EDX spectrum of Green Synthesis CeO; NPs.
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N2 Adsorption - desorption Analysis

N> adsorption—desorption analysis can be used to illustrate the specific surface area and the pore size
distribution. Specific surface area, average pore volume, and average pore diameter based on the BET
plot that based on the data as shown in Figure (10) their pore width distribution remained narrow
[19,20].

However, according to the [UPAC classification, the hysteresis loop was within the range of 0.4 <
P/Po <1 and this value was linked to capillary condensation [20, 21]. The sample displayed a type
IV isotherm with an H3 hysteresis loop. Based on Figure (10) b, the mesoporous materials have a
pore size distribution with a range from 5 to 10 nm [20]. The BET analysis revealed a specific surface
area of 173.309m?%g, indicating a reasonable surface area value that is advantageous for catalytic
applications. The total pore volume is found to be 0.064 cm?/g and an average pore diameter is equal

to 3.06 nm, these results suggest that the nanoparticles have a mesoporous structure [21].

a —+—ADS —®DES b BJH-Plot
60 - 0.003 -
; F
bo =
E 40 a E 0002 m
< =
S’ =]
,§= 20 - g 0.001 -
=
0 T 1
0 - 1 10 100
0 pfp%)'s 1 pore diameter(nm)

Figure 10: a. N> adsorption- desorption isotherms of Green Synthesis CeO: nanoparticles. b.
the corresponding Barrett-Joyner-Halenda pore size distribution curve of Green Synthesis
CeO; nanoparticles.

Zeta Potential Analysis
Zeta potential analysis provides significant insights into the surface charge and colloidal stability of
synthesized CeO> nanoparticles. The zeta potential is an important parameter affecting the diffusion
and aggregation behavior of nanoparticles in solution [22]. The results of the zeta potential analysis
are presented in Table 3.
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Table 3. Zeta Potential Analysis of Green Synthesis CeO; nanoparticles.

Zeta Potential .
Sample pH (mv) Stability
3 +15.2 Moderate
CeO,-NP 6 +32.8 High
8 -21.4 Good

At pH 3, CeO> NPs exhibited a zeta potential of +15.2 mV, indicating a moderate colloidal state. This
positive charge indicates the presence of protonated surface groups, contributing to the electrostatic
repulsion between the particles. At pH 6, the zeta potential increased sharply to +32.8 mV, indicating
high stability. This pH value is optimal for dispersion and prevention of aggregation of nanoparticles,
which is useful for applications that require stable suspensions. At pH 8 the zeta potential is decreased
and shifted to -21.4 mV, indicating good stability that due to negative surface charge. The negative
charge is apparently, which attitude to the deprotonation from the surface that contains on hydroxyl

groups, and then that will lead to generate forces that prevent aggregation[22].

Adsorption activity evaluation

The Adsorption activity study was performed using by filling various volumetric flasks with 25 mL
of each of the adsorption solutions of Eosin yellow dye at concentrations ranging from 5, 10, 15, and
20 ppm. These flasks were placed in a water bath with a vibrator at a varied temperature between
283-298 K after these solutions were in contact with (0.010, 0.015, 0,020, and 0.025) g of adsorbent
surface (CeO2 NPs). The pH (3.4,5,6,7, and 8) was used to regulate the acid function for the
elimination procedure. The amount of adsorption was then determined when the flasks were removed
at contact durations ranging from 15 to 120 minutes. Following the adsorption process, the amount
of Eosin yellow dye residue in solution was determined at the maximum wavelength (Amax), which is
516 nm. Thermodynamic investigations were conducted in stages to determine optimal conditions
and temperatures. The adsorption (Removal) efficiency E % can be calculated by following the
equation [23, 24]:

Co_Ce

Removal effeciency (E %) = = X 100 (2)
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Where: Co, Ce Indicate to the starting concentration and equilibrium concentration of residual dye

mg/L.

Contact Time Effect

Figure (11) shows the relationship between contact time and the removal efficiency of 10 mg/L eosin
yellow dye using 0.025 g from CeO, NPs at 298 K, pH=8 and contact times ranged from 15 to 120
minutes. The removal efficiency elevates with rising contact time from 15 min until reach to 90 min.
After 90 min removal efficiency 76.18 % depresses that attitude to rise the kinetic energy for dye
molecule to dispersive on vacant sites of CeO2NP until wholly covered, then agglomerated the dye

molecules on surface layer, which leading to elevate the surface energy that caused of returning dye
for solution[25, 26].

80
60
X
m
40
20
0
)
] A\ ‘o 1 .
Yo q.
V.0 'Y
Time/min

Figure 11: Impact contact time on adsorption process.

Effect Dose of the Adsorbent

Experiments were conducted with CeO> nanoparticles weights 0.005,0.01,015 and 0.025 g, with an
initial dye concentration of 10 mg/L at 298K, as shown Figure(12). The data collected showed that
the removal rate efficiency increases until reach to 26.18 % at 0.025 g and pH = 8. The results
indicated that the rising in CeO>2NPs dosage led to high adsorption efficiencies because of rising in
the ratio of total active surface area with increasing the amount of CeO» nanoparticles[27]. Hence,

0.025 g of CeO2 nanoparticles was chosen as an optimal dose.
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Initial pH

Figure 12: Impact CeO; NPs dose on adsorption process.

Effect of initial pH of Eosin yellow dye solution

This parameter shall describe via many phenomena that can be happened, which caused the change
in surface charge properties of the nanoparticles and the solubility or ionization state of dye. Figure
(13) encapsulates the pivotal role of pH in modulating the adsorption of Eosin yellow dye. The
removal efficiency is rapidly increased from pH 3 to pH 6 and gives a maximum adsorption efficiency
at 97.48%. The results indicated the maximum adsorption efficiency at pH 6 was accepted with the
maximum value result of zeta potential analysis that observed at pH 6. The protonation of surface
enhances the anionic dye adsorption owing to the electrostatic attraction [28]. Conversely, the
adsorption efficiency diminished from pH 7 to 8 that attitude to excess the hydroxyl ions in surface

that increases the repulsive force with this negative dye [29].

100

E%

50

0.01
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CeO,NPs Dose (g)

Figure 13: Effect of initial pH of Eosin yellow dye on adsorption process using green synthesis CeO;
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Effect the Temperature
The impact of temperature changes has been studied in order to illustrate and comprehend the nature

of the adsorption process. Figure (14) illustrates how temperature affects performance. Gibbs free
(AG®), enthalpy (AH®), and entropy (AS°) are examples of thermodynamic parameters that may be
determined using equations 3-6 as well as Table (4). The sorption distribution coefficient (kq) [30,31]

was determined.
— QM

ka =" 3)
Where kq is the equilibrium constant for the adsorption operation at any temperature, Qe (mg/g) is
the amount of dye adsorbed at equilibrium (adsorbent capacity), Ce (mg/L) the concentration of eosin
yellow dye at equilibrium, V is the volume of the solution (L) and M is the mass adsorbed (g).
The Van't Hoff formula was used to estimate the changes in the standard entropy AS° and the
standard enthalpy AH® [32], as shown in Figure (14) A.

—AH® | AS°

Ink,; = - T r )
Here, R stands for the universal gas constant (J/mol. K) and T is the absolute temperature in
Kelvin.

Using the Nernst equation (equation 5), the standard Gibbs free energy (AG®) was determined [32],
and the relation between AG® and temperature is plotted in Figure (14) B.

A°G = —RTInK, Q)
Where A°G: is a Gibbs energy (kJ/mol), R: is the ideal gas general constant (8.314 J/mol. K), T:is
absolute temperature.

A 07 B
01 - y =-1.6064x + 5.1462 16
R?=0.8043 1.4
02 - L 2
1.2 4
T 03 -
T 03 . O 14
£ 04 - < 08 - &
0.5 + 0.6 -
06 L 2 0.4
0.7 0.2 +
3.3 3.35 34 3.45 3.5 3.55 0 T T T -
280 285 290 295 300
1000/T
TK

Figure 14: A: Relation between In kd and (1000/T) for adsorption of Eosin yellow dye on CeO:NPs
surface. (B): Relation of AG' versus temperature for an endothermic process of adsorption of Eosin
yellow dye on CeO:NPs surface using ethanol extract peel Citrus aurantuim.
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The equation( 6)was used to get the activation energy [33].

E, = AH° + RT (6)

Table 4. Function values AG, AH and AS in Eosin yellow using greenCeO:NPs of extract
ethanol of peel Citrus aurantuim (283-298K).

T [T [1000T 1000/T AS° AG® Ea |AH°
1 kd 1 In(kd)

oc |K | (KDY K™ kJ/molLK | kJ/mol | kJ/mol | kJ/mol

10 | 283 3.534 0.558 3.533 -0.582 1.371 15.708

15 | 288 | 3.472 0.708 3.472 -0.345 0047 0.826 15.750 | 13.355

20 293 | 3.413 0.717 3.412 -0.331 ' 0.808 15.791

25 | 298 | 3.356 0.761 3.355 -0.272 0.673 15.833

Based on Figurel4 and Table 4 elucidates the thermodynamic parameters predominated on the
adsorption manner. The Gibbs free energy (AG’) values are positive indicating the adsorption of Eosin
yellow dye by green synthesized CeO2 NP is a non-spontaneous reaction. The positive AH’ of this
reaction was found to be 13.430 kJ/mol, this value suggests that the adsorption type is physical ( less
20 kJ/mol) and the system is endothermic [34,35]. Furthermore, the small value of AS® (0.0423
kJ/mol. K) ensures the decline in the randomness of the solid-solution interface in the course of the
adsorption system [36]. The values of activation energy ensure the uptake of dye from solution to
CeOx NP surface is successfully happened.

Isotherm of Adsorption

In this study, Freundlich, Langmuir, and Temkin's isotherm equations were applied to match the
experimental data for uptake the eosin dye at different concentrations. The adsorption isotherm
describes the relationship between the amount of removed dye and the remaining concentration at
equilibrium. This work used non-linear Langmuir and Freundlich models to analyze adsorption
isotherm data and characterize the process. The monolayer adsorption of the adsorbate on

homogeneous sites within the adsorbent is characterized as:
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1. Isotherm Langmuir
The Equation 7 is Langmuir equation, and it represents the adsorption process takes place across

homogeneous sites of the adsorbent [37,38].

_abC,
Q=7 + bC,

Where; Qe = defined as the quantity of eosin yellow adsorption at the time of equilibrium(mg/g). (a,

(7)

b) are the constants of Langmuir.

: ®)

L™ 1+bc,

Where: RL = meaning refer to adsorption kinds 1s Irreversible (R.=0), Likely (0<Rr< 1) linear (R.=1)
[38]. The (a) and (b) values are calculated from the slopes (1/a) and intercepts (1/ab) of linear plots

of Ce /Qe versus Ce are shown in Figure (15).

Ce/Qe

O B N W A~ 1 O
L

Ce

Figure 15: Langmuir isotherms for Eosin yellow dye using the surface of the CeOQ, NPs at 25°C.

1. Isotherm Freundlich

Multi-layered adsorption over heterogeneous active sites is indicated by the Freundlich isotherm
pattern of adsorption. Freundlich isothermal. [ 39].

LogQ, = LogKy + %Logce )

Where: kr, n =Freundlich's constants. Figure (16) shows the applicability of the Freundlich equation

well when plotting Log Qe against the values of Log Ce
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Figure 16: Freundlich isotherm Eosin yellow dye using surface the CeO, NPs at 25°C.

1. TemkKin Isotherm

The following is how it is frequently used [40]:

Q. = BInA; + BInC, (10)
Where: At is the equilibrium binding constant. = associated with the heat of adsorption. where

the eosin yellow dye adsorption Temkin isotherm curves are shown in Figure (17) .

2'5 - y=';1'A\X+';'ivv 298'(
RZ= +,8ALY
2 4
4
1.5 A
g
1 . ‘
4
0.5 -
0 T T T 1
0 1 2 3 4
In Ce

Figure 17: Temkin isotherm eosin yellow dye using the surface of the CeQ, NPs at 25°C

The (a, b, RL) for Langmuir constants, (n, KF) for the Freundlich pattern and the Temkin pattern

constants (3, AT) with linear correlation coefficients are shown in Table 5.
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Table 5. Adsorption isotherm values each of Langmuir, Freundlich, and Temkin at 25°C.
Models Langmuir isotherm Models Freundlich isotherm Models Temkin isotherm
a (L/mg) 6.485508 KF 1.890002 B 0.7978
b (mg/g) 3.1328 n 1.689189 Ar 1.34777
R2 0.9994
RL 0.015184 R’ 03884 R’ 0.4842

From the results the (R?) values in Table 5, the Langmuir model is found to be more turned for this
adsorption reaction compared with that value of the Freundlich and Temkin models [41]. The
Freundlich constant n is found to equal 1.689 that agreement with the actual this reaction is a
multilayer (physical adsorption), and this process is favorable for the studied dye because the n value
ranges between 1 and 10 [40]. The RL value is obtained less than 1, hence this reaction is likely [42].

The low values of R? indicate to the adsorption of dye on the surface of CeO, NPs is heterogeneous.
Effect of Addition the Oxidation Agents on Eosin yellow dye removal process

Figure (18) encapsulates have an impact on supplementary oxidizing dealers, specifically hydrogen
peroxide (H20:2) and ferrous ions (Fe?*), at the adsorption of eosin yellow dye. The records show that
the addition of these oxidizing agents enhanced the adsorption performance, with the Fenton response
(related to both H.O: and Fe?") yielding an outstanding efficiency of 96.37%. This synergistic effect
may be ascribed to the era of especially reactive hydroxyl radicals (*OH) through the Fenton
technique, which augments the oxidative adsorption of the dye molecules. Consequently, the
judicious incorporation of such oxidizing agents presents a viable strategy to further optimize the
adsorption performance of the CeO; nanoparticles. The results indicate that the addition of hydrogen
peroxide alone and ferrous ions alone depress the adsorption efficiency. This behavior due to the Fe*
may be compared to the dye on occupies active sites in the cerium oxide nanoparticles via the
adsorption process. Moreover, the H.O: shall oxide the semiconductor surface to give a positive
charge with hydroxyl ion and hydroxyl radical, and the last species will adsorption on the surface and
decrease the negative dye adsorption (eosin yellow dye) this result is in agreement with result that
reported in reference [43]. Whereas, using the Fenton reaction, which involves both H2O. and Fe**

resulted in an adsorption efficiency of 96.37%, very close to the efficiency observed without any
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additional oxidizing agents to generate equivalent positive and negative charges at the same time. As

in the following equations [44].

Fe** + H,0, » Fe3* + HO™ (11)
HO™ + H,0, - HO, + H,0 (12)
Fe3* + HO, » Fe?* + H* + 0, (13)
Fe?** + HO, —» Fe3* + HO, (14)
Fe?* + HO - Fe3* + HO™ as)
HO, + HO" - H,0 + 0, (16)
100
80 /
60 /
X
=40 d
20 /
0
H202 Fe2+ Fenton None
Oxident agents

Figure 18: Effect of oxidizing agents on adsorption efficiency of Eosin yellow dye on green
synthesis CeO; NPs surface at initial pH equal to 6.

Reusability of CeO: nanoparticles

The statistics provided in Figure (19) shed mild on the reusability of the synthesized CeO> NPs for
packages. While the nanoparticles exhibited an impressive 97.48 % removal efficiency performance

in the preliminary cycle, a gradual decline in performance was found with subsequent reuse cycles.
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This phenomenon can be ascribed to the capacity deactivation by saturated or blocking the active
sites of surface by dye molecules, or fouling of the nanoparticle surface, which may restrict the
adsorption and adsorption strategies [45]. Nevertheless, the nanoparticle's proven ability to perform
well during the first three rounds pastime more than one cycle underscores their potential for
sustainable and fee-effective applications. The results indicate a decline in adsorption efficiency with
a continuous reuse cycle when used five times. it maintained its warranty until the third time because
the dye molecules are gradually accumulating and preventing interaction with the surface [45,46].
However, the nanoparticles still exhibited significant adsorption activity after multiple cycles. The
results observed good reusability, which is the acceptable loss in the sorption ability after five

circulations.

100
80

60

E%
8

2

o

p__~
rF_7
1 2 3 4

5
Recovery Number

Figure 19: Reusability of CeO, NPs surface for Eosin yellow dye adsorption at initial pH equal to 6.

Conclusion

Green synthesis of CeO2 NPs using Citrus aurantuim peel extract was successfully prepared and it
provided a sustainable and environmentally friendly method. The synthesized CeO, NP was
characterized by X-ray diffraction (XRD), field emission scanning electron microscopy (FE-SEM),
Energy dispersive X-ray spectroscopy (EDX), Bruner-Emmett—Teller (BET) surface area analysis
and Zeta potential analysis. Based on the XRD data, the CeO> NP structure was estimated as a cubic

fluorite with a crystal size of 12 nm. The SEM analysis was proved the shape of CeO2 NP is like rose
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beery. N> adsorption — desorption analysis demonstrates the CeO» NP is mesoporous, hence, it’s can
be applied as catalyst to removal a pollutants. The nanoparticles demonstrated good adsorption and
antioxidant properties, making them suitable for a wide range of applications and emphasizing the
need for further research to fully exploit their advantages. The isothermal fitting was investigated as
an appropriate model to express the physical adsorption behavior of dye on synthesized CeO» NP this
result is agreed with Frendlich result. The thermodynamic study indicated that the adsorption
mechanism between synthesized CeO> NP and Eosin yellow dye was non- spontaneous and
endothermic process. The Adsorption activity was studied by way of the preliminary dye
concentration, pH, and temperature. Higher adsorption efficiencies were located at 10 ppm dye
concentrations, with a finest pH of 6, and multiplied interest at 25°C temperature. Additionally, the
green synthesis technique by leveraging agricultural —products, this observation aims to contribute to
sustainable improvement and pollutant reduction, at the same time as exploring the practical packages

of green—synthesized CeO; NPs in various fields such as environmental remediation.
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