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The sol-gel approach was employed to synthesize silver-doped CeO; hanoparticles exhibiting superior photocatalytic
activity under solar light irradiation. The produced catalysts were characterized using techniques such as Fourier
transform infrared spectrophotometry (FTIR), X-ray powder diffraction (XRD), scanning electron microscopy (SEM),
energy dispersive X-ray spectroscopy (EDX), Dynamic light scattering (DLS) and UV-vis spectrometry. These
approaches were also useful for analyzing the absorption spectra and the concentration of azo dyes in water at
variance concentrations of during the photodegradation experiment. Research results indicated that anatase phase
nanoparticles of pure CeO, and silver (Ag) doped CeO- have crystallite sizes that range between 15 and 18 nm. It
was found that Ag/ CeO, catalyst enhances the performance and light absorption capabilities of nanoparticles as
compared to pure CeO,. Ag/CeO; nanoparticles are an attractive option for photocatalytic purification of other
organic-based wastewater exposed to sunlight because of their significant photocatalytic efficacy in visible light,
deep catalytic constancy, and reusability for dye photocatalysis.
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1. Introduction:

One of the main worldwide issues of this era is to
address the energy disaster and reduce pollution using
affordable and simple methods. A large quantity of
wastewater from textile and other sectors consists of
harmful  pollutants including  organic
contaminants and synthetic colors. Typically, this
wastewater is released into aquatic bodies without
sufficient treatment [1]. Development of dye removal
from wastewater is more important than other colorless
organic contaminants in preventing environmental
pollution because it has a greater impact on the aquatic
ecosystem [2]. Thus, it is worthwhile to design an

various

effective and environmentally acceptable technology
that uses the full sun spectrum to solve water
contamination concerns. Photocatalysis with sunlight
exposure is an efficient, cost-effective, and extensively
utilized technique.

Photocatalysis is one of the most interesting uses of
solar energy. Photocatalysis is a material that uses the
synergetic action of catalysts and light for the energy
conversion process. Photocatalysis is a novel category
of green technology that uses a high-speed process to
destroy pollutants (especially specific azo dyes) and
obtain the most hydrogen energy from water and
sunlight. The use of electrons and holes is the most
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intriguing component of Photocatalysis. The production
of charge carriers (electrons and holes) starts the
Photocatalytic processes that are stimulated by light and
perfect Photocatalysts always should have a huge photo
absorption range and good photo-generated charge
carrier separation efficiency [3].

Photocatalysis is thought to be an efficient method for
reducing pollution in the environment. To cope with
these possible dangers, photocatalysis utilizing
semiconductor composites has been employed. Many
photocatalysts have been evaluated for their ability to
remove chemical pollutants and hazardous gases,
among other things. Ceria has been regarded as a
promising photocatalytic material, influence of size and
shape on its activities has been studied. When
compared to micro sized grains, the electronic
conductivity of nano sized ceria is extremely high. Ceria
absorbs visible light and it has been demonstrated that
combining it with Titania promotes effective charge
separation. As a result, photocatalysis under visible light
may be achieved using ceria or based composites
produced utilizing the selective method [4].

CeO: is one of the most studied photocatalysts due to
this catalyst’s excellent optical and thermal properties,
chemical stability, less toxicity, low cost, high
photoactive, reusability and eco friendliness [5-7]. Due
to its substantial band gap of 3.2 eV, CeO2 may be
triggered by UV light with wavelengths less than 387
nm. However, the solar spectrum contains
approximately 4% UV light, so the optical response of
CeO: to the visible light region will increase the
photocatalytic activity of this catalyst. Consequently,
efforts to make CeO: incorporate visible light deserve
high attention from the perspective of using solar light
energy with greater effectiveness [8].

Numerous researchers have examined various
approaches to attain this objective, one of which
involves the utilization of composite metal oxides
synthesized by doping CeO: with transition metal oxides
such as Ag, Mn, C, and Fe. These oxides have the
ability to absorb the visible light by reducing their band
gap [8-11]. CeO:2 nano patrticles have a high band gap
(3.2 eV) which means that they can only be triggered by
UV radiation, which is one of their key disadvantages.
CeO:zhas a high electron-hole recombination rate which
significantly reduces photocatalytic performance, is
another significant drawback.
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Silver ions have gained the interest of various
researchers in current centuries, remaining both for their
new effects on the enhancement of photo activity of
semiconductor photo catalysis nano-crystallites and
their antibacterial activity. Silver (Ag) doped CeO2 was
synthesized through homogeneous precipitation mixed
with a homogeneous/impregnation technique under
visible light, in which 1.5 percent mole of Ag-doped
CeO2 demonstrated the greatest percentage removal. It
was found that for dye treatment CeO: modified by
doping with silver makes the catalyst more effective and
shortens the illumination duration [12].

Notwithstanding its widespread recognition, the sol-gel
approach is incredibly easy to use and doesn't call for
any specialized tools to create ceria nanoparticles.
Thermal stability and photocatalytic activity are
enhanced by the tiny crystalline size and excellent
crystalline phase of CeO2 produced using this approach
[13].

In this work, we produced silver doped CeO2
nanoparticles using the sol-gel process at various silver
concentrations. The photocatalytic activity of the
produced samples was determined by the degradation
of methylene blue, methyl red, methyl orange, and
malachite green in aqueous solution under solar light
irradiation.

The objective of this work is to prepare nano-scaled
CeO2 nanopatrticles, effectively dope them with silver,
characterize and assess the  photocatalytic
performances of these materials under sunlight.

2. Materials and Methods:

2.1. Materials:

Cerium  nitrate  hexahydrate  (Ce(NO3)s.6H20),
Ammonium hydroxide (NH4OH) or Sodium hydroxide
(NaOH), Urea (CHsN20), Hydrochloric acid (HCL),
methylene blue, methyl orange, methyl red, malachite
green and distilled water. All the reagent-grade and
chemicals were used without further purification.

2.2. Preparation of Aqueous CeO, nano sol and
CeO; Nano Powder:

For the manufacture of CeO: powder, the sol-gel
technigue was utilized. A straight sol-gel approach was
utilized to create cerium NPs from cerium oxide. For
synthesis of nanoparticles effective parameters were
optimized [14]. Firstly, precursor (Ce(NOz)s.6H20) was
mixed in distilled water, maintaining pH 10 by the
addition of ammonium hydroxide or sodium hydroxide
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and further stirred it for 2 h. Secondly, a urea solution of
defined concentration was prepared at constant pH 2 by
the addition of HCL.

After preparing the solution, we mixed both solutions by
adding urea solution dropwise and then stirring for two
hours. After that, get ceria nano-sol. Prepared nano-sol
stored in a refrigerator at 4°C [15]. After preparing ceria
nano-sol, put the ceria sol into the oven for 35 to 40
hours at a 70-85°C temperature. Then calcined it for 2
h, at a 600°C temperature in the furnace and ceria
crystals formed. Then added 2 mg ceria in 10 ml dyes
(methyl blue, methyl red, methyl orange and malachite
green) at different pH (3, 7 and 11) to check the activity
of material after place it under sun light for 1 h.

2.3. Characterizations of Synthesized System:

Prior to examining the photocatalytic performance of
prepared pure CeO2 and Ag/CeO: catalysts, these were
examined for crystal structure and particle size using X-
ray diffraction (XRD) with a Shimadzu X-ray
diffractometer. Using the SHIMADZU IRTracer-100,
Fourier transform infrared spectroscopy (FTIR) is used
to assess and clarify optical characteristics and
structural features. Using JEOL JSM-7000F equipment,
scanning electron microscopy (SEM) and energy-
dispersive X-ray spectroscopy (EDX) were utilized to
the sample's surface morphology and
elemental composition. With the use of an ultraviolet
visible spectrophotometer (Hitachi U-2001 beam
spectrophotometer), the light absorption spectra of the
sample were determined.

The degradation of azo dyes (methylene blue, methyl
red, methyl orange, and malachite green) in an aqueous
solution at room temperature was used to assess the
photocatalyst activities of the produced sample. Each
experiment involved adding 0.1 g of photocatalyst to a
Pyrex glass beaker holding the solution of dyes, almost
100 ml with a starting concentration of 0.02 mg/100 ml
of water. To create adsorption-desorption equilibrium,
each suspension was magnetically agitated for 30
minutes in the dark before being exposed to sun
radiation. Next, the mixture was stirred and exposed to
sunshine. A Hitachi U-2001 UV-vis spectrophotometer
was used to measure the dye concentration every 30
minutes during irradiation by measuring the absorbance
at 510 nm.

Dye’s degradation rate was calculated with the help of
this formula:

examine
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Degradation percentage = [(Co- C) / C] x 100

Where C is the concentration at each time interval in
milliliters L-1 and Co is the initial concentration of all dyes
in milliliters L-1.
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Figure 1: XRD spectra of synthesized silver doped
CeO2 NPs. Here are signifies relates to Ag and CeO:
characteristic diffraction peaks

The XRD patterns of pure cerium oxide and silver
decorated CeO2 nanopatrticles are shown in Fig. 1. The
distinct cubic structure of CeO:2 with its distinctive plane
of (1 1 1) orientation is evident in the pure nanoparticles.
The outcome that was obtained matches the standard
data quite well. Crystalline silver peaks are formed along
CeO2 peaks with the main characteristic of silver (1 1 1)
plane in the case of Ag integrated CeO2 nanoparticles.
The obtained Ag peaks match the cubic structure of
silver quite well. Furthermore, the mixture of silver does
not show any noticeable peak shifts in the CeO:2 pattern
showing the silver is present on the surface rather than
in the spaces between particles or gap regions of CeO..
The average crystallite size of pure CeO:2 nanoparticles
is calculated to be 19.27 nm, whereas the size of the Ag-
incorporated CeO:2 nanoparticles dropped to 18.2183
nm.

The reduction in crystallite size is evidently visible in the
peak expansion depicted in Figure 1. Aside from that,
the size of silver (Ag) crystallites was determined to be
19.27 nm. Resulting major silver peaks are shown to be
evenly distributed over the CeO: surface. Furthermore,
as-synthesized CeO:2 nanoparticles have a somewhat
higher lattice parameter (~5.414 A) than bulk CeO:
(~5.411 A). Ag-doped samples show a larger CeO>
lattice parameter (~5.553 A), possibly due to increased
surface defects and smaller crystallite size.
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Table 1: Crystallite size calculation of Ag doped CeO:

20 (hkl) | FWHM Crystal d-
(deg) size (nm) | spacing(A)
28.70 | (111) | 0.4385 19.53 3.1233
33.23 | (200) | 0.3635 23.81 2.7049
47.64 | (220) | 0.5814 15.59 1.9126
56.47 | (311) | 0.6217 15.14 1.6311
59.24 | (222) | 0.9625 9.91 1.5617

Average crystallite 18.2183
size
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Figure 2: FT-IR of Pure CeO2, Ag doped CeO:2 with
table of peaks

Table 2: Peaks of FT-IR (cm™)

Peaks(cm™) Assignments
667 Ce-O bond
725 Ce-O bond
833 Metal-O bond
1339 CH2 bond
1507 CH2 bond
1558 Water bonding

The FTIR scales used to analyze the adsorption classes
on surfaces of produced CeO: and silver coated CeO:
NPs are shown in Figures 2. The range of FT-IR
spectrum of pure CeO2 was 600 to 1600 cm-t. This
spectrum showed five absorbance peaks at 667, 725,
833, 1339, 1507 and 15cmt. The distortion approach of
the Ce-O bond is liable for the main absorption group
detected at 667 cm-1. Additional peaks observed at 1595
cm- relate to O-H twisting atmospheres and the peak at
2109 cm corresponds to Ce-O extending ambiances.
The Ag decorated CeO2 samples clearly exhibit an extra
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top at 833 cm! that might be attributable to the creation
of Ag-O extending feelings. The peak at 1558 cm-! is
due to symmetric bending of H20, whereas the peak
around 1507 cm! reveals the extending sensations of
CH:z bonding adsorbed from ambient.

3.3. SEM and X — Ray Spectroscopy:

Figure 3: Morphological analysis of (a, b) pure CeO:
and (c, d) silver doped CeO2 NPs

The microstructural properties of pure CeO:2 and silver
doped CeO: NPs are studied by SEM at various
amplifications and findings are shown in Fig. 3. It is
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evident that resulting particle sizes are clearly in hano
scale series with accumulation. Furthermore, pure CeO:
nanoparticles have a spherical form but Ag coated
nanoparticles have cumulative size and definite grain
limitations (Fig. 3. c, d). This nanostructure finding
suggests that crystalline silver strength is bounded by
CeO: particles. Fig. 3(c—d) indicate the various
amplification pictures of silver doped nanoparticles, it
showed uniform shape and size with regular distribution.
It is clear from the higher magnification results that
crystallite with sizes ranging from 8 to 20 nm are
present. It is obvious from the higher magnification data
that there are crystallites ranging in size from 8 to 20
nm.
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Figure 4. EDX spectrum with different elements and
weights

Table 3: The Ag/CeO2 NPs express an optical absorption band peak. EDX results confirm the development of Ag

doped CeO:2 nanoparticles.

Element | Line Type Apparent k Ratio | Wt% | Wt% | Standard | Factory
Concentration Sigma Label Standard
C K series 0.49 0.00494 | 2.31 0.75 C Vit Yes
(0] K series 25.89 0.08712 | 25.64 | 0.62 SiO2 Yes
Na K series 5.08 0.02145 | 10.55 0.4 Albite Yes
Ag L series 0.72 0.0072 | 1.52 0.43 Ag Yes
Ceria L series 29.51 0.27467 | 57.64 0.9 CeO2 Yes
Au M series 0.9 0.00902 | 2.35 0.55 Au Yes
Total: 100

Silver salt doped cerium oxide shows the other
contaminations and other impurities weights as C, O,
Na, Ag, Ceria, and Au with different weights and show
the presence of Silver in cerium oxide.
3.4. DLS (Dynamic light scattering):
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Figure 5: Dynamic light scattering at different pH

It showed about the particle size of catalyst and the
effect of pH on it, as pH increased the size of particle
decreased. The size of particle not in nano scale due to

its coagulation and particles are in large size because
particles are merged to each other.
3.5. UV-Visible Spectroscopy:

Ref

Absorbance(a.u)

T T T T T T T 1
400 450 500 550 600 650 700 750 800
Wavelength (nm)

Figure 6.a: Methylene blue dye
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Figure 6.b: Methyl red dye
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Figure 6.c: Methyl orange dye
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Figure 6.d: Malachite green dye

Fig. 6. depicts the UV-visible spectra of dyes and each
dye contains the same ratios such as 1:10, 1:100 and
pure CeOa.It is noted that the dye solution with pH 11
shows the best results as compared to others. Figure
6.a depicts the UV-Visible spectra of methylene blue
dye degradation employing an Ag doped CeO: catalyst
with a 20-minute irradiation time interval under sunlight.
Fig. 6.b depicts UV-Visible spectra of methyl red dye
degradation employing an Ag doped CeO: catalyst with
a 180-minute irradiation time interval under sunlight.
The UV-Visible spectra of methyl orange dye
degradation utilizing an Ag - CeO: catalyst with
irradiation are shown in Figure 6.c. Figure 6.d depicts
the UV-Visible spectra of malachite green dye
degradation employing an Ag doped CeO: catalyst with
a 15-minute irradiation interval under sunlight. The
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symmetric bending of H20 causes the peak around
1600 cm-?, but the stretching vibrations of CO absorbed
from ambient CO2 cause the peak at 2350 cm. The
extending vibration of the OH group created a modest
peak about 3400 cm over a 180-minute time span
under sunlight. The absorption of dye molecules steadily
decreases with increasing irradiation duration of
degradation owing to chromosphere depletion to
generate a transitional product. Degradation percent =
((Co-C1)ICo) 100, is used to determine the degradation
efficiency of the catalyst. Where Ct is the absorbance of
the solution at a forementioned time, and Co is the
absorbance of the dye initially. The
photocatalytic process was optimized and dyes
degraded at pH 11 in direct sunlight exposure.
Discussion:

The X-ray diffraction (XRD) examination of Ag-doped
CeO2 nanoparticles was conducted utilizing an
analytical X'pert PRO model X-ray powder
diffractometer and Cu-Ka radiation. Nanoparticles have
been coated onto a glass substrate for XRD work.
Average particle size was calculated by the d-Sherrer
formula as a result of full width at half maximum (FWHM)
data. The equation is presented such as:

D = (k A)/(B cos 0)

where D signifies the crystal size in nanometers (nm), k
represents the Sherrer constant valued at 0.94, A
denotes the wavelength at 0.15406 nm, B resembles the
full width at half maximum (FWHM) in radians and 6
indicates the peak positions in radians. Here, d signifies
the mean diameter of NPs, A represents the wavelength
of the x-ray radiation source and B shows the angular
full width at half maximum of the XRD peak at the
specified angle 8. The micro dislocation densities are
computed using the subsequent method, such as,
Dislocation Density p = n/D?

The size, shape and morphology of CeO2 are
investigated using SEM technology and the basic
composition of the nanopatrticles is determined using the
EDAX method. In addition to showing the uniform
distribution of silver and CeO2 nanopatrticles, the XRD
data reveal the creation of silver nanopatrticles in cubic
and face-centered lattice structures, as well as Silver-
doped ceramic oxide nanoscale. The average size of

solution

the crystallite for untreated ceramic oxide was 19.27 nm
whereas that of Ag-doped ceramic oxide nanoparticles
was 18.21 nm.
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Various equations are used to determine different
parameters. Using a formula and computing the square
root of each side, the lattice parameters a, b and c are
determined.

1/d2 = (h2+k2+I2)/a2

The optical behavior of the produced nanocomposite
was assessed using a UV-visible spectrophotometer
which represents the photocatalyst's absorption
wavelength. The absorption wavelength of a
photocatalyst must be determined in order to calculate
the energy difference between incoming light and the
photocatalyst's band gap. To excite sufficient electrons,
the disparity in energy between photocatalysts'
conduction and valence bands needs to be minimized.
As a result, the researchers obtained the optical
absorption spectrum of the synthesized CeO2.

The current study was similar to a few previous
investigations undertaken by other researchers.
Kravtsov et al. (2023) revealed that CeO2-Ag
nanocomposites, independent of the silver content,
demonstrated greater photocatalytic activity than pure
nanosized CeO2 [16]. Negi et al. (2019) demonstrated
that the results obtained for Ag/CeO2 composites
clearly revealed significantly better catalytic and
antibacterial characteristics in comparison to pure CeO2
[17]. Murugadoss et al. in 2021 synthesized and
characterized pure and Ag/CeO2 nanoparticles using
various techniques. The presence of Ag on CeO2
surface was confirmed through XRD, XPS, and EPR
spectroscopy. UV absorption peaks of pure and Ag
decorated CeO2 was found at 320 nm and 430 nm,
respectively. The enhanced catalytic performance of
Ag/CeO2 composites depends on the preparation
method determining homogeneous morphology and Ag
distribution on the ceria surface [18]. Saravanankumar
et al. (2016) illustrated that the strong photocatalytic
activity of Ag/CeO2 nanocomposites can be related to
the surface plasmon resonance effect of Ag
nanoparticles that are widely scattered on the surface of
Ce02 [19].

The textile, dyeing, and printing industries are major
sources of industrial wastewater, which often contains
significant amounts of Azo dyes. These dyes are widely
used for their vibrant colors and chemical stability but
are notorious for their environmental and health
hazards. Azo dyes are difficult to degrade and can
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persist in water bodies, posing risks to aquatic life and
human health through bioaccumulation [18]. A recent
study by Vedhantham et al. depicted increased
photocatalytic efficiency and improved stability and
reusability. The green synthesized Ag-doped
CeO2/MgAI-LDH  nanoclay showed remarkable
photocatalytic activity, achieving a 95% degradation
efficiency within 30 minutes. Its unique hexagonal plate-
like morphology, with a narrow band gap, facilitates
efficient generation of reactive species. The composite
also showed excellent stability over multiple cycles,
making it a promising candidate [20].

Silver-doped cerium oxide (Ag-CeO,) offers a promising
solution for the photocatalytic degradation of Azo dyes
under sunlight. This material acts as an efficient
photocatalyst, utilizing solar energy to break down the
complex molecular structures of Azo dyes into less
harmful substances. The doping of silver enhances the
photocatalytic properties of cerium oxide by improving
charge separation and reducing the recombination rate
of photogenerated electron-hole pairs, thereby
increasing the overall efficiency of the degradation
process. Using Ag-CeO, for photocatalytic degradation
under sunlight is particularly advantageous because it
leverages a free and abundant energy source, sunlight,
making the process cost-effective and sustainable.
Unlike traditional wastewater treatment methods that
may require high energy inputs or the use of harmful
chemicals, Ag-CeO, provides an eco-friendly
alternative. This technology can be integrated into
existing industrial wastewater treatment systems,
helping industries meet environmental regulations while
reducing their environmental footprint [21].

5. Conclusions:

Ceria nanoparticles were successfully prepared by the
sol-gel route. Prepared nanocomposites were activated
in direct sunlight when the series was performed
keeping the basic pH environment (a series of pH 3, 7
and 11 of ceria powder was performed when the pH of
all selected dyes was 11). For the pH 11 of all selected
dyes (methylene
orange and malachite green) treated with the ceria
powder, we get the highest photocatalytic activity as it
was degraded very fast under sunlight directly. More

red, methylene blue, methylene

efficient dye was malachite green which degraded
quickly as compared to other dyes. Cerium oxide nano
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particles were prepared by sol-gel method. These
nanoparticles are used for degradation of dye solutions.
The SEM results showed that the surface morphology
of ceria composite is spherical shape with nonuniform
grains of (~8-20 nm) size. XRD results showed that the
average crystallite size of pure ceria is 19.29 nm and
silver doped cerium oxide is 18.7 nm. Improved optical
properties resulted in better photocatalytic performance.
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