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Preparation and photocatalytic
activity of mesoporous
CeO,-TiO, mixed oxides

Huijun Yan*, Hong Gao, Xuanyi Li and Hongjie Hu

Department of Chemistry, Harbin University, Harbin, Heilongjiang, China

In this paper, a series of mesoporous CeO,-TiO, mixed oxides are synthesized
through evaporation-induced self-assembly method. These mesoporous
Ce0,-TiO, mixed oxides are characterized using XRD, FT-IR, Raman, TEM
and N, adsorption-desorption. The obtained samples exhibit a fully ordered
mesoporous structure, when the template is completely removed. The research
results show that the mesoporous CeO,-TiO, mixed oxides possess a high
surface area and small particle size. The effects of Ti/Ce molar ratio on the
photocatalytic activity are investigated. The results indicate that mesoporous
CeO,-TiO, composite oxides with Ti:Ce = 1:0.1, after calcination at 500°C,
exhibit the highest photocatalytic activity.
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1 Introduction

As a photocatalyst and hydrophilic material, nanometer TiO, has the advantages of
being non-toxic, cheap and easy to obtain. Its ability to deeply oxidize organic matter
has shown good application value in environmental pollution control, self-cleaning,
antibacterial and other fields, and it has been highly valued by domestic and foreign
academic circles (Li et al., 2013; Wang et al., 2020). Among various nano-TiO, materials,
mesoporous TiO, has garnered attention due to its 3D interconnected pore network that
facilitates the diffusion of reactants and products, as well as its large surface area, which
provides more active sites and thus higher photocatalytic activity (Zhou and Fu, 2012).
CeO, is the most active oxide catalyst in the rare earth oxide series, because it has a unique
crystal structure, high oxygen storage capacity (OSC), oxygen release capacity and strong
oxidation-reduction (Ce**/Ce*") capacity. This material has been widely used in the catalytic
field (Nam et al., 2023; Malekkiani et al., 2022; Zhao et al., 2016). However, the specific
surface area of pure CeO, and TiO, nanomaterials is small, and their thermal stability is
poor. On the other hand, the low dispersion of the materials also affect the improvement
of catalyst activity. The cubic phase CeO, and TiO, with three crystal phase structures
(brookite, anatase and rutile phase) are prone to crystal phase changes during the use of
catalysts, which will affect their performance.

Mesoporous CeO,-TiO, composite oxides, as a class of high-performance and
multifunctional materials, have attracted significant attention in applications such as
rocket propellants, photocatalysts, intelligent fluid materials, sensing elements, high-
intensity microwave dielectric ceramics, semiconductors, and other functional composites
(Zhao et al., 2022; Wang et al., 2013; Rianjanu et al., 2024). Compared with a single pure
oxide, oxide complex materials generally have a larger specific surface area, better thermal
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stability and mechanical strength, and a stronger surface acid-
base (Nishikiori et al., 2019). The studies have shown that binary
composite oxides, such as TiO,-Sn0O,, TiO,-WOj; and TiO,-SiO, all
show good catalytic activity, but mesoporous CeO,-TiO, composite
oxides are rarely reported. Compared to binary composite oxides,
such as TiO,-Sn0O,, TiO,-WOj3, and TiO,-Si0,, mesoporous CeO,-
TiO, composite oxides have shown superior performance due to
the synergistic effects of the redox cycle between Ce**/Ce*" and
the heterojunction with TiO,. They not only broaden the visible
light absorption but also accelerate charge separation, possessing
high catalytic activity, resistance to photochemical corrosion, and
structural stability. The comprehensive performance is better than
that of common binary oxides, like ZnO-TiO, and WO;-TiO,.
Recently, researchers have proposed a “promoter-porous structure-
membrane coupling” strategy, which can significantly enhance the
visible light activity of mesoporous CeO,-TiO, composite oxides.
So mesoporous CeO,-TiO, composite oxides have become hotspots
in the fields of photocatalytic water purification and solar hydrogen
production.
Currently, the synthesis of mesoporous oxide particle
materials mostly employs hard template methods. For instance,
glycol-block-polypropylene
(P123) as a template to
TiO, (MT) materials
through hydrothermal procedures (Amer et al, 2018). In

Feng etal. used polyethylene

glycol-block-polyethylene  glycol
synthesize a series of mesoporous
recent years, researchers have developed a new method for
synthesizing mesoporous oxides, namely, solvent evaporation-
induced self-assembly (SEISA) method. This method is a
class of techniques that drive the spontaneous formation of
ordered nanostructures by changing the evaporation rate of
solvents. Compared to traditional hard template methods, SEISA
has some advantages such as mild reaction conditions and
adjustable material structure, which have attracted considerable
attention from many researchers. For example, Arunachalam
etal. prepared mesoporous titanium dioxide (Ism-TiO,) film
electrocatalysts through the evaporation-induced self-assembly
(EISA) method, and the porosity, orderliness, surface area,
crystallinity, and activity of Ism-TiO, can be controlled by
adjusting the ratio of titanium precursor/surfactant (Liu et al,
2018); used the
method to prepare mesoporous SnO, (MGS) electrocatalysts
(Amer et al., 2024).

In this paper, mesoporous CeO,-TiO, composite oxides
self-
assembly method under varying conditions. The effects of key

Huang etal. solvent evaporation-induced

were synthesized via a solvent evaporation-induced
factors, including the CeO,/TiO, molar ratio and calcination
temperature, on the structural properties of the composites
were systematically investigated. The as-prepared materials
were characterized by XRD, FT-IR, Raman

TEM, and N, adsorption-desorption analysis. Furthermore,

spectroscopy,

their photocatalytic activity under UV light irradiation was
evaluated through the photodegradation of Rhodamine B as a
model reaction. It is worth noting that this work provides a
simple method for the preparation of mesoporous CeO,-TiO,
composite oxides with an adjustable pore size. The results of this
study provide new ideas for the development of photocatalytic
materials.
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2 Experiment
2.1 Main instruments and reagents

X-ray diffractometer (Rigaku Corporation, Japan), Fourier
transform infrared spectrometer (NICOLET, United States),
Transmission electron microscope (PHILIPS, Netherlands), Raman
spectrometer (HORIBA Jobin Yvon, France) Nitrogen adsorption-
desorption analyzer (Quantachrome, United States), Ultraviolet
Visible Spectrophotometer (Shimadzu).

Tetrabutyl titanate, cerium nitrate and other chemical reagents
are analytically pure. Deionized water was used in all experiments.

2.2 Preparation of mesoporous CeO,-TiO,
composite oxides

The solution containing 1 g P123 and 12 mL anhydrous ethanol
was added to the mixed solution containing 3.2 mL concentrated
hydrochloric acid and 3.4 g of tetrabutyl titanate at room temperature,
and the above solution stirred magnetically for 30 min. Then different
amounts of Ce(NO;);-6H,0O were added to the mixed solution and
magnetically stirred for 4 h to form sol. The obtained sol was aged at
30% relative humidity (RH) at room temperature for 24 h, then roasted
at 350°C, 500°C, 600°C, 800°C, 1,000°C for 4 h, and the heating rate
was 1°C min~!. Mesoporous CeO,-TiO, composite oxide powders
were prepared at different calcination temperatures. The molar ratios
of Ti:Ce were 1:0.05, 1:0.1, 1:0.15, and 1:0.25. They were denoted as
samples a, b, ¢ and d, respectively.

2.3 Photocatalytic degradation of RhB by
mesoporous CeO,-TiO, composite oxides

The photocatalytic reaction was carried out in a self-made
photocatalytic reactor, which consisted of a magnetic stirrer,
a 50 mL beaker, and a water circulation cooling device. The
photocatalytic degradation of Rhodamine B was used to evaluate
the activity of mesoporous CeO,-TiO, composite oxides as
photocatalysts. Using a 20 W UV lamp as an external light
source, 20 mL of 10 mg/L Rhodamine B aqueous solution and
0.1 g photocatalyst were added at room temperature to form a
suspension system, which was first left in the dark for 20 min to
achieve adsorption-dissociation equilibrium, and then subjected to
a light reaction under magnetic agitation for 1h. The resulting
solution was centrifuged and the supernatant was removed. The
absorbance of Rhodamine B at A = 553 nm was measured by
UV-VIS spectrophotometer. The degradation rate of Rhodamine
B by mesoporous CeO,-TiO, composite oxide photocatalyst was
determined according to the change of absorbance. The calculation
formula is expressed as Equation 1:

1= (Ay-A)/A, x 100% 1)
n----- Efficiency of photocatalytic degradation of Rhodamine B.

Ay ----- Absorbance of the pre-reaction solution at 553 nm.
A----- Absorbance of the post-reaction solution.
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FIGURE 1
XRD pattern of sample a after roasting at 350°C, 500°C, 600°C, 800°C,
1,000°C
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FIGURE 2
XRD spectra of sample b after roasting at 350°C, 500°C, 600°C,
800°C, 1,000°C.

3 Results and discussion
3.1 Material characterization

3.1.1 X-ray diffraction (XRD) analysis

In order to determine the crystal structure of samples a, b, ¢
and d at different calcination temperatures, the obtained samples
were characterized by XRD. XRD patterns of samples a, b, ¢ and
d after roasting at different temperatures are shown in Figures 1-4,
respectively.

As clearly observed from Figure 1, sample a (Ti:Ce = 1/0.05)
calcined at 350°C exhibits a characteristic diffraction peak at
20 = 25.34°, corresponding to the (101) crystal plane of the
anatase phase (JCPDS No.020387). The broadened peak profile
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FIGURE 3

XRD pattern of sample c after roasting at 350°C, 500°C, 600°C,
800°C, 1,000°C.
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FIGURE 4

XRD pattern of sample d after roasting at 350°C, 500°C, 600°C,
800°C, 1,000°C.

suggests the formation of small crystallites in the mesoporous
TiO, under this calcination condition. Based on the full width at
half maximum of the (101) peak, the crystallite size is calculated
to be 10.22 nm using the Scherrer equation: D = 0.891/fBcos0.
With increasing calcination temperature, in addition to the (101)
peak, more characteristic diffraction peaks appeared in the anatase
phase, including (004), (200), (105), and (211). The progressive
sharpening and intensification of these peaks indicate enhanced
crystallinity and crystallite growth at elevated temperatures. At
600°C, the crystallite size of sample a reaches 22.83 nm, significantly
larger than that of sample ¢ (18.51 nm) under identical calcination
conditions. Phase transformation from anatase to rutile TiO, is
observed at this temperature. The XRD pattern reveals well-defined
rutile-phase diffraction peaks at 20 = 27.46° 36.11°, 41.31° and
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54.42°, corresponding to the (110), (101), (111), and (211) crystal
planes (JCPDS No.040551), while residual anatase phase remains
detectable. At 800°C, a weak diffraction peak appears at 26 = 28.56°,
attributed to the (111) plane of cubic CeO, (JCPDS No. 040593).
Notably, all diffraction peaks progressively narrow and intensify
with rising temperature, consistent with improved crystallinity and
grain growth at higher thermal budgets. When the temperature
reaches 1,000°C, the anatase-phase diffraction peaks (101), (004),
(200), (105), and (211) disappear completely, and the final product
comprises coexisting rutile TiO, and cubic CeO, phases.

As shown in Figure 2, sample b (Ti:Ce = 1:0.1) calcined at
350°C exhibits a characteristic diffraction peak at 20 = 25.43°,
corresponding to the (101) crystal plane of the anatase phase.
Compared with sample a, this peak demonstrates broader profile
and lower intensity, indicating smaller crystallites in sample b.
The crystallite size is calculated to be 9.14 nm using the Scherrer
equation. With increasing calcination temperature, the diffraction
peaks sharpen significantly, accompanied by a progressive reduction
in the full width at half maximum. The anatase-to-rutile phase
transition initiates at 600°C. When the temperature reaches 800°C,
distinct diffraction peaks of cubic CeO, emerge at 20 = 28.65°,
33.15° 47.56° and 56.35° indexed to the (111), (200), (220), and
(311) crystal planes, respectively. The intensity of these cubic-phase
CeO, peaks increases progressively with temperature. At 1,000°C,
complete transformation of anatase TiO, to the rutile phase is
achieved. The final product consists of coexisting rutile TiO, and
cubic CeO, phases, as evidenced by the absence of anatase-phase
diffraction peaks.

As depicted in Figure 3, the XRD pattern of sample c
(Ti:Ce = 1:0.15) calcined at 350°C reveals a broad diffraction
peak at 26 = 25.43° corresponding to the (101) crystal plane
of the anatase TiO, phase. The intensity of this anatase-phase
diffraction peak progressively increases with elevated calcination
temperatures. These observations demonstrate that calcination
temperature critically governs the crystallization behavior of the
product, where higher thermal treatment enhances crystallinity.

Upon calcination at 600°C, the cubic CeO, (111) diffraction
peak initially emerges in sample ¢, with its phase formation
temperature being notably lower than those required for cubic
CeO, crystallization in samples a and b. When the temperature
is elevated to 800°C, partial anatase-to-rutile phase transformation
occurs, as evidenced by the appearance of rutile-phase TiO,
diffraction peaks corresponding to the (110), (101), and (211)
crystal planes. Even at 1,000°C, residual anatase-phase TiO,
persists in the sample. The sample at this stage comprises three
coexisting crystalline phases: anatase, rutile and cubic phase CeO,
(Matussin et al., 2023; Zhao et al., 2012).

It can be clearly seen from Figure4 that the XRD pattern
of sample d (Ti:Ce = 1:0.25) after roasting at 350°C shows a
characteristic diffraction peak of anatase phase (101) crystal face
with weak strength and wide peak profile, which indicates that
sample d still has a small particle size after roasting at 350°C. The
cubic phase CeO, (111) crystal diffraction peak (26 = 30.24°) appear
at 600°C, and its intensity was stronger than that of sample c at the
same temperature. At 800°C, anatase transformed into rutile. After
roasting at 1,000°C, the diffraction peaks of anatase and rutile TiO,
in sample d are sharper than those in sample c.
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FIGURE 5
FT-IR spectra of samples a, b, c and d after roasting at 350°C (A)
Sample a, (B) Sample b, (C) Sample ¢, and (D) Sample d.

3.1.2 Infrared spectrum (FT-IR) analysis

The FT-IR spectra of samples a, b, ¢ and d after roasting at
350°C are shown in Figure 5. The peaks at 3,200-3,600 cm™" and
1,590 cm™ are broad bands caused by O-H stretching vibrations,
and the broad bands at 550-1,000 cm ™! are the stretching vibrations
of Ti-O bonds in titanium dioxide crystals. The stretching vibration
peaks attributed to Ce-O bonds appear near 1,384 cm™!, and the
intensity of these peaks gradually increase with the increase of Ce
content in mesoporous CeO,-TiO, composite oxides. But the C-H
vibration peak of template agent (P123) do not appear in the figure,
indicating that P123 template agent have been basically removed
after roasting at 350°C, which is consistent with XRD results. The
complete removal temperature of the template agent as ionic surface-
active agent is over 500°C. But the removal temperature of P123
as template agent is much lower. The removal of template agent
at a higher temperature will result in partial mesoporous collapse.
Therefore, the lower removal temperature of template agent is
conducive to improving the specific surface area of mesoporous
Ce0,-TiO, composite oxides.

3.1.3 Raman spectroscopy (Raman) analysis

Figure 6 shows the Raman spectra of samples a, b, c and d after
roasting at 350°C. Raman testing is highly sensitive to chemical
bonds, molecular spatial configurations, and phase transitions in
composite oxides. From the Figure 6, it can be clearly seen that
samples a, b, c and d show the characteristic Raman peaks of anatase
TiO, at 196, 396, and 637 cm™! (Zhang et al., 2016; Cho et al,,
2018), there is also an obvious Raman peak at 153 cm ™!, which is
the characteristic Raman peak of titanite TiO, At the same time,
it can be clearly seen from Figure 6 that with the increase of Ce
content in the sample, the crystallization degree of TiO, decreases in
turn, and the characteristic Raman peak of the plate titanium type
also decreases gradually. No Raman peaks of CeO, are observed
at this temperature, so samples a, b, ¢, and d do not form crystal
CeO, at this temperature. All these results are consistent with
the XRD characterization results, and the above XRD and Raman
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Raman spectra of samples a, b, c and d after roasting at 350°C (A)
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N, adsorption-desorption curve of sample a after roasting at 350°C (A)
N, adsorption-desorption curve. (B) pore size distribution.

characterization results show that CeO, has a good inhibition effect
on the crystal phase transition and grain growth and agglomeration
of TiO,.

3.14 N, adsorption-desorption analysis

The N, adsorption-desorption isotherms of samples a, b, cand d
prepared by EISA method after roasting at 350°C and the adsorption
pore size distribution of BJH are shown in Figures 7-10.

As can be seen from the surface adsorption isotherms, the
adsorption isotherms in Figures 7-10 belong to type IV, indicating
that single-molecule adsorption forms at low pressure, and multi-
layer adsorption occurs gradually as the pressure increases. When
the relative pressure reaches a certain value, the adsorption
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N, adsorption-desorption curve of sample b after roasting at 350°C.
(A) N, adsorption-desorption curve. (B) pore size distribution.
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N, adsorption-desorption curve of sample c after roasting at 350°C.
(A) N, adsorption-desorption curve. (B) pore size distribution

amount hardly changes. Due to capillary condensation and capillary
evaporation not occurring under the same relative pressure, the
hysteresis ring appears. The hysteresis ring is caused by the
thermodynamic equilibrium of the adsorption and desorption
processes. The shape of the pore can be inferred according to
the shape of the hysteresis ring. It can be seen from Figures 7,
9, 10 that the hysteresis rings of samples a, ¢, and d are all H2
types, and narrow triangular hysteresis rings appear in the range
of moderate pressure to not too high pressure, and steps appear
in the desorption curve, which is considered to be interconnected
pores. However, if the H2 lag ring appears at a lower relative pressure
limit (N, is 0.4 at —196°C), it indicates that the pore is a cage
pore with uniform height, which accords with the characteristics
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N, adsorption-desorption curve of sample d after roasting at 350°C.
(A) N, adsorption-desorption curve. (B) pore size distribution.

of the lag ring of porous oxides (Fu and Ren, 2020). It can
be seen from Figure 8 that sample b has an obvious HI type
adsorption/desorption lag ring (Nadrah et al., 2025), which is a
straight-through channel with both ends of the channel open,
uniform pore size and narrow pore size distribution. There is an
obvious desorption lag in the relative pressure range of p/p, =
0.45-0.99, which is related to the capillary condensation of nitrogen
in mesoporous channels at 77 K. This channel structure facilitates
the diffusion of organic substances such as Rhodamine B on one
hand, and increases the material’s specific surface area, exposing
more active sites, which is highly beneficial for selective adsorption
and enhancing the photocatalytic activity of anatase-type materials.

The illustrations in Figures 7-10 show the pore size distribution
of samples a, b, ¢ and d after roasting at 350°C, respectively. It
can be seen from the figure that the pore size distribution curve
of the samples is a peak. With the increase of CeO, content, the
mesoporous pore size of samples a, b, ¢ and d gradually increases,
indicating that a complete and uniform mesoporous structure is
formed, and the obtained samples all have a narrow pore size
distribution and a high degree of pore order.

It is found from the data in Table 1 that the specific surface area of
the first three samples is large, and the total pore volume increases first
and then decreases with the increase of temperature. Additionally,
sample b has the largest specific surface area. Combined with the
comprehensive analysis of the shape and pore size distribution of the
adsorption isotherms, the mesoporous CeO,-TiO, composite oxide
results in mesoporous pores in the sample due to the removal of the
template agent, which increases the specific surface area and total
pore volume. With the further increase of CeO, content, the Sppp
of the prepared sample d decreased. This is mainly because although
the increase of CeO, can increase the pore size, the decrease in the
crystallinity of the composite oxide exceeded the increase of the specific
surface area brought by the increase of the pore size of the synthesized
composite oxide. The specific surface area and total pore volume of
sample d are lower than that of samples a, b and c. Sample b’s high
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specific surface area provides it with numerous active sites, thereby
exhibiting excellent photocatalytic performance.

3.1.5 Transmission electron microscopy (TEM)
analysis

It can be seen from Figure 11 that samples a, b, ¢ and d show
relatively good dispersion, and the particle accumulation pores are
evenly distributed, all of which are about 3~6 nm. TEM images of
samples a and b clearly show mesoporous CeO,-TiO, composite
oxides have fine pore structure and good ordering. TEM images
along the direction perpendicular to the pore show an alternating
arrangement of pore and skeleton structure, which increase the
specific surface area of the sample. With the increase of Ce content
in samples ¢ and d, the structure of the sample gradually become
loose, which is conducive to the formation of the pore structure of
the sample and forms an orderly wormhole structure. These results
show that the mesoporous CeO,-TiO, composite oxide calcined at
350°C can not only remove the template agent but also have good
crystallinity, and realize uniform composite of nanoscale structure.

3.2 Study on photocatalytic performance
of mesoporous CeO,-TiO, composite
oxides

Figure 12 shows the photocatalytic degradation rates of
Rhodamine B for samples a, b, ¢ and d after roasting at different
temperatures. It can be seen from the figure that due to the
different molar ratio of Ti:Ce, there are certain differences in the
photocatalytic performance of the sample. At the same temperature,
the photocatalytic effect of sample b is generally better than that
of the other three samples, and its degradation rate can reach
89.7%. Due to the addition of rare earth ions, rare earth oxides
are small in size and evenly dispersed among TiO, crystals. The rare
earth ions entering the lattice interact with the TiO, lattice, causing
varying degrees of expansion of the TiO, lattice. Micro local defects
appear in the TiO, lattice, and lattice field distortion occurs near
the defects, providing favorable redox potential wells. It becomes
a photogenerated electron trap and prevents the recombination
of electrons and hole pairs (Liu et al., 2011; Rosa et al., 2023), thus
increasing the degradation rate. However, with the increase of lattice
distortion, the distortion point becomes the composite center of
electron and hole pairs, so the Ti/Ce molar ratio of CeO,-TiO,
composite oxide has an optimal value (Ti:Ce = 1:0.1). Although
the CeO, content increase in samples ¢ and d, rare earth ions no
longer entered the TiO, lattice but attached to the surface of TiO,
nanoparticles. This results in a reduction of the specific surface area
of TiO,, leading to lower photocatalytic degradation efficiency. This
also indicate that there should be an optimal value. The sintering
temperature has a significant impact on the photocatalytic activity
of oxide complexes. As the sintering temperature increases, the
photocatalytic efficiency of the samples initially rises and then
decreases. Additionally, it was observed from the graph that
when Ti:Ce = 1:0.1 (sample b), after sintering at 500°C, sample b
achieves a photocatalytic degradation rate of 89.7%, maintaining
high photocatalytic activity over a wide temperature range. This
is significantly higher than the photocatalytic degradation rate of
commercial Degussa P25 TiO, powder material (80%).
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TABLE 1 Distribution parameters of specific surface area and aperture.

Sample Specific surface area Pore volume V; (cm3/g) | Mean aperture dp (hm) Most probable pore
Sger (M?/g) diameter D, (nm)
a 172.9 0.1645 3.992 3.67
b 186.72 0.1817 9.825 3.70
c 176.1 0.1932 4.403 3.75
d 144 0.1697 4.921 3.77

FIGURE 11

TEM photos of samples a, b, c and d after roasting at 350°C. (A) Sample a (B) Sample b (C) Sample c (D) Sample d.

3.3 Proposed photocatalytic enhancement
mechanism

In CeO,-TiO, composite oxides, the radius of Ce** is 0.097 nm,
which is significantly larger than that of Ti**. Therefore, Ce*"
is difficult to substitute for Ti** in the TiO, lattice, while Ti*"
more easily substitutes for Ce*", leading to charge imbalance.

Frontiers in Materials

To compensate for this charge imbalance, the reaction occurs
as shown in Equation 2:

Ce'* +e" — Cet )

Due to the stability of rare earth elements’ 4f orbitals when
they are fully empty, half-filled, or fully filled, the potential
energy level of electrons in TiO, is —0.1 eV, whereas the potential
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FIGURE 12
Photocatalytic degradation rate of Rhodamine B of samples a, b, c and
d obtained at different calcination temperatures.

energy level for the reduction reaction between Ce*" and Ce*" is
1.84 eV. Consequently, the reaction also takes place as shown in
Equation 3:

Ce* + Titt — Ce** + Ti**

A3)

In the sample, Ce ions coexist in both Ce** and Ce**
oxidation states, with Ce*" continuously capturing electrons.
The captured electrons find it difficult to recombine with
holes, effectively promoting the separation of photogenerated
electrons and holes, thereby enhancing the photocatalytic
activity of TiO,. Additionally, Ce** can reduce 0, to 0%,
and surface adsorbed hydroxide ions can react with excess
photogenerated holes to form active hydroxyl radicals as shown in
Equations 4, 5:

Ce’* + 0, — Ce** + 0*

(4)

h*+H,0 - OH-+H* (5)

The generated highly oxidative active hydroxyl radicals and
active oxygen ions participate in degradation reactions, further
enhancing photocatalytic activity.

4 Conclusion

In this paper, mesoporous CeO,-TiO, composite oxides with
uniform pores were synthesized in non-aqueous media by solvent
evaporation-induced self-assembly method. Research results show
that the introduction of CeO, significantly inhibits the crystal
phase transition, grain growth, and agglomeration of TiO,,
making it highly thermally stable and capable of maintaining the
anatase crystal phase over a wide temperature range. With the
decrease of Ti/Ce ratio, the particle size of mesoporous CeO,-
TiO, composite oxide decrease significantly, while the specific
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surface area, pore volume, average pore size and other structural
parameters increase significantly. The photocatalytic test results
show that the mesoporous CeO,-TiO, composite oxide have good
photocatalytic performance, and the Ti:Ce composite ratio have a
certain effect on the degradation rate of Rhodamine B. The catalytic
effect is the best when Ti:Ce = 1:0.1, and the degradation rate
reached 89.7%.
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