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Oxcuo yepusa (1V) (CeOy) 611 cunmesuposan mpems paznuduHsMu Memooamu: 2uopo-
mepmManbHbIM CUHIME30M C 800HbIM pacmeopumenem u azenmom OH-, cudopomepmansubvim cunme-
30M ¢ IMAHONOGHIM PACMEOPUMENEM U COTbEOMEPMATILHBIM CUHIE30M CO CMEChl0 OP2AHUYECKUX
pacmeopumerneil. Cunme3uposanHsle Mamepuansl ObllU 0XAPAKMEPUIOBAHbL C UCHONb30BAHUEM
PAOA nepedosvlX MeXHUK, 8KII0UAA MPAHCMUCCUOHHYIO INeKMPOHHYI0 muKpockonuto (TEM), penm-
2enoeckyio ougppaxyuio (XRD), penmeenoeckyro ghomosrnekmponnyro cnexkmpockonuio (XPS) u ougp-
Qy3no-omparcamenvhylo cnekmpockonuio 6 yivmpaguonemosou u euoumoii oonacmax (UV-Vis
DRS). @omoxamanumuueckas akmuenocms cunmesupoeannvix mamepuanos CeO; ovina ouenena
nymem pasznoxcenusn 2,4-ouxnopgenoxcuykcycnoii kuciomul (2,4-D), pacnpocmpanennozo zepou-
yuoa. Pesynomamut noxazanu, umo CeO,, cunme3uposanHulii 2uOPOMEPMAiIbHLIM MEHOOOM C IMa-
HOJ108bIM PACHEOPUmMETEM, UMEl HAUMEHBIMUIL pazmep Yacmuuy, eapvupylowuiica om 35 Hm 00 55 um.
Dmom manviii pazmep wacmuy A61AemMca 0J1a20NPUAMHBIM 071 (POMOKAMAIUMUYLECKUX NPUMEHe-
HUil, maKk Kak obecneuugaem 0OabUYI0O NAOWAOL HOGEPXHOCIMU ONA KAMATUMUYECKUX PEaKyuil.
Cneoogamenwvno, 3mom mamepuan CeOz npodemoncmpupogan xopouiyo hpomokamaiumuiecKyio
AKMUGHOCMb, 00CMUZHY6 Ihekmusnocmu paznodxncenusn 00 54,14% ona 2,4-D. bBonee mozo, Kune-
muuecKkue uccie006anus nPouecca PaziodHceHus npoeoOUNIUCH C UCHOIb308AHUEM MOOeAU NCes-
0onepeozo nopaoka Ha ocHoee mexanusma JIrnemwpa-Xunwenveyoa. Ilonyuennsvie pezyivmamot no-
Kazanu, Ymo KoHcmaumol ckopocmu paznodxcenusn 2,4-D na kamanuzamopax CeOy, cunmeszuposan-
HBIX PA3TUYHBIMU MEMO0amu, 0bliu 0080IbHO CXOHCUMU, UMO YKA3bleaem HaA Mo, Ymo Memoo CUuH-
me3a 6 nepeyio ouepeos 6UAem HA pa3zmep YACHUY U HOBEPXHOCMHbLE CEOLICEA, A He HA 6HYMPEH-
HIOI0 KAMAaiumuuecKylo aKkmueHocmsb. Imu pe3yibmamsl ROOYEpKUBAIOM 8AI}CHOCHL ONMUMU3A-
UUU MEmOo008 CUHME3A 011 NOGLIUIEHUA (HOMOKAMATUMUYECKOU IPhhexmusnocmu mamepuaios
CeO; 015 3xon02UUECKOU pemeduauuu.

Kirouesbie cioBa: CeO,, poTokaranutuyeckoe pasioxenue, 2,4-D, runporepMaibHbIi CHHTE3, COMb-
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Ceria (CeOy) was synthesized using three different methods: hydrothermal synthesis with
water solvent and OH- agent, hydrothermal synthesis with ethanol solvent, and solvothermal syn-
thesis. The synthesized materials were characterized using a range of advanced techniques, includ-
ing Transmission Electron Microscopy (TEM), X-Ray Diffraction (XRD), X-Ray Photoelectron
Spectroscopy (XPS), and UV-Visible Diffuse Reflectance Spectroscopy (UV-Vis DRS). The photo-
catalytic activity of the synthesized CeO, materials was evaluated through the degradation of 2,4-
dichlorophenoxyacetic acid (2,4-D), a common herbicide. The results indicated that CeO. synthe-
sized using the hydrothermal method with ethanol solvent had the smallest particle size, ranging
from 35 to 55 nm. This small particle size is beneficial for photocatalytic applications as it provides
a larger surface area for catalytic reactions. Consequently, this CeO, material exhibited excellent
photocatalytic activity, achieving a degradation efficiency of up to 54.14% for 2,4-D. Kinetic studies
of the degradation process were conducted using a pseudo-first-order reaction model based on the
Langmuir-Hinshelwood mechanism. These studies revealed that the degradation rate constants of
2,4-D on CeO catalysts synthesized by the different methods were quite similar, suggesting that the
synthesis method primarily influences the particle size and surface properties rather than the in-
trinsic catalytic activity. These findings highlight the importance of optimizing synthesis methods to
enhance the photocatalytic efficiency of CeO, materials for environmental remediation applications.

Keywords: CeO;, photocatalytic degradation, 2,4-D, hydrothermal synthesis, solvothermal synthesis

challenges tailored to specific applications and mate-
rial requirements, such as: Among these methods, sol-
vothermal synthesis is favored for producing CeO; na-

INTRODUCTION
CeO,, or cerium oxide, is a versatile semicon-

ductor with numerous practical applications across
various fields. One of the most significant and rapidly
growing applications of CeO is its use as a photocata-
lyst for the degradation of various pollutants in
wastewater treatment [1]. CeO;’s high oxygen storage
capacity and unique redox properties, which enable it
to easily switch between Ce** and Ce** oxidation
states, make it an excellent material for photocatalytic
applications [2]. Additionally, the high thermal stabil-
ity, hardness, and remarkable redox behavior [3, 4] al-
low CeO:;, to efficiently facilitate the breakdown of or-
ganic pollutants under light irradiation, making it an
invaluable material for environmental remediation.
CeO; has been successfully synthesized through
various methods solvothermal methods [5], precipita-
tion methods [6], combustion synthesis [7], sol-gel
methods [8], etc., each offering distinct advantages and
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noparticles due to its capability to control particle size,
morphology, and ensure high purity under specific
conditions of solvents and controlled temperature and
pressure. The choice of solvent, like water or ethanol,
influences CeO;'s dispersibility, surface area, and crys-
tallinity, impacting its catalytic performance and suita-
bility for different technological uses [9]. Understand-
ing these solvent-dependent effects is crucial for tailor-
ing CeO; synthesis to achieve desired material charac-
teristics and enhance its functional properties in di-
verse applications.

In this study, we present the synthesis of CeO,
nanoparticles through three distinct methods: hydro-
thermal synthesis utilizing a water solvent and OH-
agent, hydrothermal synthesis employing an ethanol
solvent, and solvothermal synthesis with a blend of or-
ganic solvents. The resulting nanoparticles were metic-
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ulously characterized using Transmission Electron Mi-
croscopy (TEM), X-Ray Diffraction (XRD), X-Ray
Photoelectron Spectroscopy (XPS), and UV-Visible
Diffuse Reflectance Spectroscopy (UV-Vis DRS). We
further investigated the photocatalytic properties of
these materials by examining the degradation of 2,4-
dichlorophenoxyacetic acid (2,4-D) under illumination
from a 250 W xenon lamp. This comprehensive analy-
sis aims to elucidate the relationship between synthesis
methods and the structures and photocatalytic effi-
ciency of CeO; nanoparticles.

EXPERIMENTS

Chemicals

Ce(NO3)3'6H0, toluene, oleic acid, ethanol,
ammonia, and tert-butylamine were purchased from
Sigma-Aldrich and used directly without any addi-
tional purification steps.

Material Synthesis

Synthesis by Hydrothermal Method Using Wa-
ter Solvent and OH" Agent

1.5 g of Ce(NOs)3-6H-0 was dissolved in 50 ml
of deionized water in a glass beaker. Ammonia, serving
as the OH™ agent, was slowly added to the beaker to
adjust the pH of the solution while stirring. The mix-
ture was then transferred to a Teflon-lined autoclave,
which was placed inside a stainless steel vessel. The
hydrothermal process was conducted at various tem-
peratures for 24 h. After cooling to room temperature,
the precipitated particles were centrifuged, washed
multiple times with distilled water, and dried at 100 °C
for 24 h. The resulting solid product was labeled as
Ce0Os-a.

Synthesis by Hydrothermal Method Using Eth-
anol Solvent

1.5 g of Ce(NOs)3-6H20 was dissolved in 50 ml
of ethanol and stirred until a stable suspension was
formed. The suspension was transferred to a Teflon-
lined autoclave, which was placed inside a stainless
steel vessel. The hydrothermal process was conducted
at various temperatures for 24 h. After cooling to room
temperature, the precipitated particles were centri-
fuged, washed multiple times with distilled ethanol,
and dried at 80 °C for 24 h. The resulting solid product
was labeled as CeO»-b.

Synthesis by Solvothermal Method Using Mix-
ture of Organic Solvents

1.5 g of Ce(NOs3)36H>0 was dissolved in 80
ml of deionized water. To the solution, 2 ml of tert-
butylamine, 80 ml of toluene, and 10 ml of oleic acid
were added. The mixture was transferred to a Teflon-
lined autoclave, which was placed inside a stainless
steel vessel. The solvothermal process was conducted
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at 160-200 °C for 24 h. After the reaction, the mixture
was separated to collect the upper toluene phase. CeO,
nanoparticles were isolated by adding 100 ml of etha-
nol to the mixture, followed by centrifugation. The
solid obtained after centrifugation was dried at 80 °C
and labeled as CeO»-c.

Material Characterization

Transmission Electron Microscopy (TEM)
was performed using a JEM 1400 microscope from
JEOL. UV-Visible Diffuse Reflectance Spectroscopy
(UV-Vis DRS) to evaluate the light absorption of the
materials was conducted on a Shimadzu UV-2600 in-
strument. X-Ray Diffraction (XRD) to assess the crys-
talline phases was performed on a Bruker D8 Advance
diffractometer with a Cu-Ko radiation source (wave-
length 0.15418 nm). XPS measurements were con-
ducted using a Nexsa XPS system (ThermoFisher Sci-
entific) with monochromatic Al Ko radiation (hv =
=1486.6 eV). Calibration was based on the binding en-
ergy of the C1s peak at approximately 284.8 eV. Spec-
tral analysis was performed using the XPSPEAK41
software.

RESULTS AND DISCUSSIONS

Material Characterization

CeO, samples synthesized by three different
methods were examined at temperatures of 160, 180,
and 200 °C to study the changes in the size of the re-
sulting nanoparticles. Transmission Electron Micros-
copy (TEM) images (Fig. 1) were used to investigate
the morphology and particle size of the materials.

The TEM images from Fig. 1 reveal distinct
characteristics of CeO, samples synthesized using
three different methods. In the hydrothermal method
with water solvent (CeOz-a) and OH™ agent, unevenly
crystalline particles are observed. At 160 °C (Fig. 1A),
particle sizes range from 30 nm to 150 nm, with prom-
inent larger clusters. At higher crystallization tempera-
tures of 180 °C (Fig. 1B) and 200 °C (Fig. 1C), parti-
cles exhibit hexagonal structures but significantly in-
crease in size, ranging from 200-300 nm.

TEM images of samples synthesized via the
hydrothermal method with ethanol solvent (CeO,-b)
show less defined particle clusters at 160 °C. As the
temperature increases to 180 °C (Fig. 1E), clearer
particle clusters ranging from 50-90 nm emerge. At
200 °C, particle sizes exceed 100 nm with more dis-
tinct clusters.

For the solvothermal method (CeO»-c), poor
definition of particle clusters is noted at 160 °C, im-
proving at 180 °C with particle sizes ranging from 7-
8 nm. A further increase to 200 °C shows minimal
change in particle size, indicating a 2D cluster structure
development.
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For catalytic applications, CeO, samples syn-
thesized at 180 °C underwent annealing at 600 °C to
enhance their structural stability and catalytic activity.
The TEM images in Fig. 2 depict the morphology and
crystalline characteristics of the annealed CeO; nano-
particles, providing insights into their suitability and
effectiveness for catalytic processes.

Fig. 1. TEM images of CeO2 samples: CeOz-a at 160°C (A),
180°C (B), and 200°C (C); CeO2-b at 160°C (D), 180°C (E), and
200°C (F); and CeOz-c at 160°C (G), 180°C (H), and 200°C (I)
Puc. 1. TEM un3o6paxenus oopasnos CeO2: CeOz-a mpu 160°C

(A), 180°C (B) 1 200°C (C); CeO2-b mpu 160°C (D), 180°C (E) u

200°C (F); u CeO2-c mpu 160°C (G), 180°C (H) u 200°C (1)

| oo | S o |20
Fig. 2. TEM images of CeO2-a-600, CeO2-b-600, and CeO2-c-600
samples
Puc. 2. TEM-u3o6paxenus obpasos CeO2-a-600, CeO2-b-600 u
CeO2-c-600

From the TEM images, it is clear that after an-
nealing at 600 °C, the hydrothermal method with water
solvent (sample CeO,-a-600, Fig. 2A) produces rela-
tively large particles, ranging from 110-170 nm. In
contrast, the hydrothermal method with ethanol solvent
(sample CeO,-b-600, Fig. 2B) yields particles with sizes
ranging from 35-55 nm. The solvothermal method (sam-
ple CeO»-c-600, Fig. 2C) results in highly uniform par-
ticles, approximately 7-8 nm in size. This demonstrates
that the hydrothermal method with ethanol solvent and
the solvothermal method produce smaller and more
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uniform CeO; particle clusters compared to the hydro-
thermal method with water solvent.

To gain a deeper understanding of the crystal
structures of the materials, the XRD spectra of CeO,
samples synthesized at 180 °C by the three methods
and annealed at 600 °C are presented in Fig. 3.

The XRD results from Fig. 3 indicate that the
XRD patterns of Ce0,-a-600, CeO,-b-600, and CeO--
c-600 all display characteristic peaks of CeO, crystals
with a fluorite structure (JCPDS 34-0349) at 2-theta
values of: 28.5 (111), 33.08 (200), 47.47 (220), 56.33
(311),59.08 (222), 69.40 (400), 76.69 (331), and 79.06
(420). In the Ce0,-a-600 and CeO»-b-600 samples, the
peaks are intense, sharp, and well-defined, while in the
Ce0,-c-600 sample, the peaks are lower in intensity
and broader. This indicates that the crystal structure of
CeOs in the hydrothermal method samples is better de-
fined compared to the solvothermal method.

3

(2)

Lin (Cps)

10 20 30 40 50 60 70 80
2-Theta-Scale
Fig. 3. XRD spectra of CeO2 samples synthesized by three meth-
ods and annealed at 600°C: (1) — CeO2-3; (2) — CeOz2-b;
(1) - CeO2—c
Puc. 3. Pentrenosckue nudpaxrorpamMmsl (XRD) o6pasmos

CeO2, MHTE3UPOBAHHBIX TPEMsI METOAAMH W OTOXKEHHBIX IPH

600°C: (1) — CeOz2—a; (2) — CeO2—b; (1) — CeO2—c

XPS analysis was conducted to determine the
oxidation states and elemental composition of the ma-
terials. This measurement was performed on a repre-
sentative sample, CeO»-b-600. The XPS analysis re-
sults are presented in Fig. 4. To analyze the relative
content of Ce(lll) on the material's surface, XPS Ce 3d
spectra were used, based on the spin-orbit components
3dsi2 and 3ds2 of cerium ions [10, 11]. The XPS Ce 3d
analysis results are shown in Figure 4, with peaks at
880.2, 885.0, 899.5, and 903.5 eV corresponding to
Ce®* states, while peaks at 882.1, 888.1, 898.0, 900.9,
906.4, and 916.4 eV correspond to Ce** states [11]. The
relative concentration of Ce(lll) was calculated from
the integrated areas of the deconvoluted peaks using
equation (1):
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[Ce3*] =
_ Apy+Apr+Ay, + Ay (1)

Ay Ay + Ay, tAw+AptApr+Apr+Ay+ Ay Ay +Aym

From the analysis of the Ce 3d spectrum, the
concentration of Ce(l11) in the CeO,-b-600 sample was
determined to be 28.33%. This result is relatively high
compared to some previously reported CeO, samples
[10, 12]. The presence of a significant amount of Ce(l11)
can create oxygen vacancies in the crystal structure.
These oxygen vacancies suggest that the CeO, material
may exhibit good photocatalytic activity.

(1)
E)
S (2)
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£
1200 10ID[] B(;O B[I][] 4(I][] 2[!][] 0
Binding Energy (eV)
a

Intensity (a.u)

920 910 900 890 880
Binding Energy (eV)
b
Fig. 4. XPS survey of CeO2-b-600 (a): (1) — Ce3d; (2) — O1s; XPS
Ce3d spectra of CeO2-b (b): Ce**—v, v", v"", u, u", u" ; Ce3*—v,,
V', Uo, U'; V: 3ds2; u: 3dar2
Puc. 4. O630pHsIii criektp XPS o6pasua CeO2-b-600 (a): (1) —
Ce3d; (2) — O1s; ciexpsr XPS Ce3d o6pasua CeO2-b-600 (b):
Ce*—v, V", v", u, u", u™ ; Ce3*— o, V', Uo, U"; V: 3ds/2; U: 3dar2

To further investigate the optical absorption
capabilities of the synthesized CeO, samples, CeO,-b-
600 was chosen for UV-Vis-DRS analysis. The results
are depicted in Fig. 5.

It can be observed that the UV-vis spectrum of
Ce0,-b-600 (Fig. 5a) exhibits a broad peak in the UV
region around 345 nm, with the shoulder extending be-
yond 400 nm, indicating its ability to absorb across the
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visible region. The bandgap energy (Ey) is determined
based on the relationship between the absorption coef-
ficient (o) and E4 according to the Kubelka-Munk the-
ory (equation (2) [13]):

(o.hv)" = A(hv — Eg) 2
where, a is the absorption coefficient, Eg is the

bandgap, A is a constant, and hv is the photon energy.
The value of Eg is extrapolated from the linear portion
of the graph on (Fig. 5b), revealing E4 of CeO- to be
3.00 eV, which is consistent with the previous reported
Eg values [14].
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Fig. 5. UV-Vis spectrum (a) and Tauc plot (b) of the CeO2-b-600
sample
Puc. 5. YO-BUC crexrp (a) u Tayk rpaduk (b) o6paszma CeO2-b-600

Photocatalytic activity of CeO; in degradation
of 2,4-D

Photocatalytic activity of the materials

To evaluate the photocatalytic activity of the
material, we conducted experiments where 0.075 g of
catalyst was added to 150 ml of 2,4-D solution initially
at a concentration of 40 mg/L. The experiments were
carried out in dark conditions for 60 min to assess the
material's adsorption capacity. Subsequently, the samples
were exposed to irradiation under a 250W Xenon lamp.
Throughout the experiment, samples were extracted
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every 30 min to measure the 2,4-D concentration us-
ing a UV-Vis spectrophotometer at a wavelength of
283 nm. Additionally, a calibration curve was gener-
ated to quantify the concentration of 2,4-D (Supple-
mentary Information).

The photodegradation of 2,4-D was conducted
using all three CeO,-a-600, CeO2-b-600, and CeO»-c-
600 material samples. The obtained results (Fig. 6A)
indicate that CeO, exhibits minimal capacity for ad-
sorbing 2,4-D. After 60 min of stirring in darkness,
there was a negligible decrease in the concentration of
2,4-D (approximately 2-3%). Regarding photocataly-
sis, all three CeO, samples (a, b, and c) generally
demonstrate effective 2,4-D degradation capabilities.
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Upon closer examination, CeO;-a-600 and CeO-b-600
show similar abilities in 2,4-D degradation, while
Ce02-c-600 exhibits slightly lower but not signifi-
cantly different performance.

The conversion efficiencies of the samples are
calculated and presented in Fig. 6B. After 240 min of
irradiation, CeO,-a-600, CeO.-b-600, and CeO,-c-600
achieve conversion efficiencies of 53.36%, 54.14%, and
49.70% for 2,4-D, respectively.

To assess whether the selected material exhib-
its sufficient effectiveness, we reviewed and organized
key findings from previous studies, as summarized in
Table 1.
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Fig. 6. (a): Photocatalytic degradation reaction of 2,4-D using CeO2-a-600 (1), CeO2-b-600 (2), and CeO2-c-600 materials (3); (I) — dark;
(1) — light; (b): conversion efficiencies of the samples: CeO2-a-600 (1), CeO2-b-600 (2), and CeO2-c-600 materials (3)
Puc. 6. (a): ®oTokaramuruueckas peakuus gerpamanuu 2,4-D mist CeO2-a-600 (1), CeO2-b-600 (2) u CeO2-c-600 (3) o6pasios; (I) — B
temuote; (1) — npu ocsemenuu; (b): a¢pexrruBHOCTb Npeobpazosanus 2,4-D st CeO2-a-600 (1), CeO2-b-600 (2) u CeO2-c-600 (3)
00pa3uoB

Table 1

Comparison of photocatalytic degradation efficiencies of 2,4-D by various catalysts
Taonuya 1. CpaBHenne 3¢ dekTuBHOCTH GOTOKATATUTHYECKOTO pPa3iokeHus 2,4-D pa3iuuHbIMHU KaTAJIU3aTOpPaAMH

Catalyst - . Illumination | Degradation
Catalyst Amount RhB Concentration | Light Source Time (min) | Efficiency (%) Reference
. 800 mL mercury-lamp
0,
3%Pt/TiO, 120 mg (20mg/L) = 16 mg (400 W) 90 54.64 [15]
. 100 mL visible light
0, . -
1%N-TiO,-SG 100 mg (40 mg/L) = 4 mg (250W) 180 55.21 [16]
Fe:04Ce0/Ag | 20mg | (g m;ﬁg@'} 5mg | UV lamp 150 75.70 [17]
TiOy-clinoptilolite | 0.4 g/L 5 mg/L UV lamp 25 65.00 [18]
ZnO/y-Fe;,03/lUVA| 0.2¢g/L 20 mg/L UV lamp 240 52.50 [19]
150 mL Xenon lamp This
Ce0O; -b-600 75 mg (40 mg/L) = 3 mg (250W) 240 54.14 work

The results in Table 1 reveal that the CeO,-b-
600 sample demonstrates commendable photocatalytic
performance compared to several previously studied
materials. A key advantage of the material developed
in this study lies in its simple synthesis process and
high degradation efficiency at the native pH of the
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2,4-D solution, eliminating the need for additional
chemicals to adjust the solution’s pH. These attributes
underscore the significant potential of the synthesized
CeO, material for photocatalytic applications, posi-
tioning it as a promising candidate for further research.
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Kinetics of the photocatalytic degradation pro-
cess of 2,4-D on synthesized materials

Previous studies have indicated that photocata-
lytic degradation reactions can be approximated by
pseudo-first-order kinetics using the Langmuir-Hin-

shelwood model [20-23]:

r=— Lo Kl (3.2)

dt 1+K,C

At low concentrations of reactants, the equa-
tion can be simplified to:

dc
r=—"xk KyC = kgypC

(3.b)

The integrated form resembles first-order
Kinetics:

Co

2= kept (3.0)

Experimental data were analyzed for pseudo-
first-order kinetics. The results are presented in Fig. 7.

1.0
0ol
oshk .
ot g a

~06] o _

S 05| @

o [

= 04l
0l i

0zl o 2)

01l

Time (min)

% % 100 150 200 250

Fig. 7. Apparent first-order kinetics of the photocatalytic degradation
reaction of 2,4-D (C, = 40 ppm, 240 min of irradiation) for the sam-
ples: CeO2-a-600 (1), CeO2-b-600 (2), and CeO2-c-600 materials (3)
Puc. 7. Kaxxymasics KnHEeTHKa MIEPBOTO OPSIKA peakuui GoTo-
katanuTrdeckoi nerpagamuun 2,4-D (Co = 40 ppm, 240 muH 06-
ayuenns) s CeO2z-a-600 (1), CeO2-b-600 (2) u CeO2-c-600 (3)

00pasios

The kinetic parameters of the photocatalytic
degradation process of 2,4-D are summarized in Table 2.

Table 2

Apparent rate constants of the photocatalytic degrada-
tion of 2,4-D on the catalyst samples

Taobnuya 2. Ka:xxymmecsi KOHCTAHTBI CKOPOcTH GoTOKA-

TaJauTH4yeckoi Aerpagaunum 2,4-D Ha o0pa3uax karaau-

3aTropa

Sample | Ce0,-a-600 | CeO,-b-600 | CeO,-c-600
Kap(min™) 0.0037 0.0036 0.0033
R? 0.9844 0.9922 0.9864

The rate constants for the degradation of 2,4-D
on Ce0,-a-600 and CeO,-b-600 catalysts are observed
to be similar and slightly higher than those on CeO,-c-
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600 catalyst. Based on the obtained results, the follow-
ing observations can be made: i) CeO, demonstrates
photocatalytic activity in the degradation of 2,4-D; ii)
under the established experimental conditions, photo-
catalytic activity appears independent of the synthesis
method; iii) The photocatalytic efficiency of CeO: is
more pronounced in the UV region compared to the
visible region, attributed to its bandgap energy of 3.2 eV
determined by UV-vis DRS spectroscopy. Conse-
quently, the conversion efficiency of 2,4-D remains
modest, achieving just over 50% for all three synthe-
sized samples. To enhance the optical properties of
Ce0», ongoing investigations include modifications
such as doping with various non-metals or combining
it with other semiconductors, with results to be detailed
in forthcoming publications.

CONCLUSIONS

CeO; nanoparticle were successfully synthe-
sized using three methods: hydrothermal synthesis
with water, hydrothermal synthesis with ethanol, and
solvothermal synthesis with mixture of organic sol-
vents. The findings demonstrated that the hydrother-
mal synthesis with ethanol yielded samples with sig-
nificantly higher fabrication efficiency. TEM images
indicated particle sizes ranging from 35 to 55 nm.
XRD, XPS, and UV-Vis analyses collectively con-
firmed the synthesized CeO. material exhibited robust
photocatalytic activity in degrading 2,4-D, achieving
an efficiency of 54.14%. While the catalytic activity of
CeO; showed minimal dependence on the preparation
method, the ethanol hydrothermal method produced
particles with well-defined crystal structures. Moreo-
ver, this method utilized simpler chemicals, exhibited
superior particle fabrication efficiency compared to
solvothermal methods, and was more cost-effective,
thus presenting favorable attributes for catalytic mate-
rial fabrication.
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