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Nanoceria was synthesized by reaction of cerium nitrate deposition in an aqueous medium without stabilizers at room
temperature. Nano-sized cerium oxide was dried at 20 °C and calcinated in air for 1 hour at 120, 300, 500, 800 °C. SEM
images of samples demonstrated that the morphology of the obtained cerium oxide does not significantly change with the
increase of the temperature of heat treatment. Electron microscopy showed that the average diameter of CeO; particles
varies in the range of 12.4—15.9 nm. Sample element content was determined by the energy-dispersive X-ray spectrometry
method. The Oxygen.Cerium elements ratio in the samples is in the range 1.7-2.1. X-Ray Diffraction method was used to
determine the structural characteristics of materials. It was demonstrated that with increasing annealing temperature, the
average crystallite diameter increases from 10 to 23 nm, and the degree of crystallinity changes from 60 % for Ce-20 to
100 % for Ce-800. The characteristics of the porous structure were determined based on low-temperature nitrogen
adsorption/desorption isotherms. The specific surface area (BET) of the samples heated to 500 °C varies within 46-61 m’/g.
The total pore volume varies firom 0.19 to 0.22 cm’/g. After heating to 800 °C, the specific surface area and total pore volume
decrease to 17 m*/g and 0.13 cm’/g, respectively. By TGA method was found that 5 % mass loss between 20 and 300 °C is
attributed to adsorbed water, while after calcination above 300 °C, another 3.5 % mass loss refers to release from the surface
of chemically bonded water molecules. The Iyvs c*/luvs &* ratio in samples was found from UV-spectra of diffuse
reflectance; it varied in the range of 1.60 to 2.08. Calcination of nanoceria samples at temperatures above 500 °C leads to
the oxidation of Ce** to Ce’" and reduction of nanoceria surface defects. The catalytic activity of the synthesized materials
was evaluated by the determination of the reaction rate constant (k) of the H,O; decomposition reaction at the different
concentrations (1-10 %) at room temperature and within pH 8.0-11.0. Materials calcinated at different temperatures
demonstrate maximum catalytic activity at pH 10.0, which is determined by the increase in the content of deprotonated
ceranol groups on the surface of cerium oxide with an increase in the pH from 8.0 to 10.0, and the formation of insoluble
Cerium compounds with a further increase in pH. The activation energy (E,) of the reaction of hydrogen peroxide
decomposition by nanoceria in the temperature range of 20—40 °C at pH 10 was determined by kinetic data. The E, for un-
annealing sample Ce-20 is 127 kJ/mol. Increasing temperature to 120 °C does not change the E,. It was shown that the
smallest value of activation energy is 77 kJ/mol for the sample calcinated at 300 °C. Heating the samples at temperatures
500 and 800 °C causes growth of E,— to 94 and 95 kJ/mol, respectively.

We did not find correlation between degree of crystallinity, specific surface area, total pore volume, crystallite size and
calcinated samples catalytic activity. The dependence of the rate constant (activity) on the calcination temperature is extreme
with a maximum at 300 °C was found. A sample Ce-300, which has the highest O:Ce ratio (2.08), the largest O content
(67.5 %), the lowest Ce**/Ce®* ratio (0.15) among the calcinated samples, and therefore the largest number of surface defects
exhibits the highest catalytic activity and has the lowest activation energy for the hydrogen peroxide decomposition reaction.
Presumably, when heating CeO, samples, some parallel processes occur. Changes in the values of structural parameters
either have no effect or are insignificant and also do not affect the catalytic activity of nanoceria. Desorption of physically
adsorbed water, which inactivates the catalytic centers, leads to an increase in catalytic activity of the material. In addition,
destruction of ceranol groups on the surface of cerium oxide with loss of oxygen and oxidation of Ce’" to Ce*" reduces
catalytic activity.

Keywords: cerium oxide nanoparticles, calcination, catalytic activity, hydrogen peroxide decomposition,
activation energy

INTRODUCTION chemistry, biology, physics and materials science
[1]. Nanoceria and cerium-containing materials
are already used or proposed for the wide
technological significance, such as ultraviolet

Nanosized cerium oxide have fascinated
broad interest from numerous researches due to its
promising applications in such fields as
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(UV) absorbents [2], catalysts [3], polishing
agents [4], gas sensors [5], solid oxide fuel cells
[6], diesel fuel additives [7]. In biomedical
application cerium oxide nanoparticles has high
perspective for oxidative stress-related diseases
treatment [8]. Nanoceria demonstrated anti-
inflammatory and antimicrobial activity [9],
anticancer activity [10], anti-diabetic property
[11], cardioprotective effects [12], and promising
for neurodegenerative diseases, for example,
Alzheimer’s and Parkinson’s diseases treatment
[13].

Wide interest in nanoscale cerium oxide is
associated with its unique structure and unusual
redox properties. Cerium is a lanthanide with an
atomic number of 58, can exist in two oxidation
forms of Ce** and Ce*" and in bulk, it forms two
oxides — Ce;Os and CeO,. At the nanoscale,
cerium oxide lattice has a cubic fluorite structure
and both Ce** and Ce*" can coexist on the surface
[14]. Redox cycling between Ce*" and Ce*" ions
on the surface of cerium oxide nanoparticles leads
to the formation of oxygen vacancies on the
nanoceria surfaces [15]. The ratio of Ce*'/Ce®*
sites on the nanoceria surface is a measure of the
concentration of these oxygen vacancies
concentrations [16]. These oxygen vacancies are
essentially surface defects, the number of which
increases with decreasing particle size. When the
particle becomes smaller — the nanoceria lattice
expands and the ability to absorb and release
oxygen increases. The ratio of Ce*"/Ce’" sites on
the surface is strongly correlated with antioxidant
enzyme-mimetic activity [17]. Nanoceria acts like
the natural ferments - catalase (CAT) and
superoxide dismutase (SOD) in scavenging
reactive oxygen species (ROS) such as hydrogen
peroxide and superoxide radicals in the cell and
animal models [18].

Redox properties and catalytic activity of
cerium oxide nanomaterials are mainly dependent
on physicochemical properties such as size,
agglomeration, morphology, surface chemistry,
and valence of the structure [19]. To obtain
materials with various characteristics, several
methods have been proposed including
precipitation [20], hydrothermal [21],
microemulsion [22], sol-gel [23], solvothermal
[24], combustion [25], green synthesis [26].
Synthesis conditions such as pH [27], temperature
[28], time, stabilizing agents [29], concentration
and nature of the precursors [30] may affect
significantly the properties of the final product.
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Studies have suggested that calcination leads to an
increase in degree in crystallinity and particle size
[31]. With increasing particle size, the lattice
parameter decreases and the lower oxygen
vacancies content are presented on the surface
[32]. However, there are only several studies
about the influence of calcination temperature on
the catalytic activity of nanoceria.

The aim of this work is the preparation of
nanoceria samples; calcination it at different
temperatures; characterization its properties;
elucidation of the effect of nanoceria calcination
on the catalytic activity and on the effective
activation energy of the reaction of the hydrogen
decomposition by synthesized nanoceria samples.

MATERIALS AND METHODS

Nanoceria was synthesized by reaction of
cerium nitrate deposition in an aqueous medium
without stabilizers at room temperature according
to the reaction:

4Ce(NOs); + 12NaOH + O, =
= 4Ce0;, + 12NaNOs + 6H,0.

The cerium oxide nanoparticles were dried at
20 °C and calcinated in muffle furnace SNOL-1.8
for 1 hour at 120, 300, 500, 800 °C (Ce-20, Ce-120,
Ce-300, Ce-500, Ce-800). The morphology of the
synthesized materials was studied by scanning
electron microscopy. Sample element content was
determined by the energy-dispersive X-ray
spectrometry method on X-Max by Oxford
Instruments. This method is based on the
registration and analysis of the energy spectra of
characteristic X-rays. The XRD analysis was
performed using a DRON-4-07 diffractometer,
with nickel-filtered CuK, radiation in the range of
20 =10 to 85° for phase identification. UV-Vis
spectra were obtained wusing a Shimadzu
UV-VIS-NIR spectrophotometer UV-3600 in the
220-800 nm range with an instrument uncertainty
of £1nm. The FTIR spectra of ceria
nanoparticles were recorded using a Thermo
Nicolet Nexus FT-IR  spectrometer in
5000400 cm™' diapason at room temperature.
The catalytic activity of the nanoceria and the
effective activation energy of the reaction was
determined in a model reaction of the
decomposition of hydrogen peroxide. The rate of
the decomposition of hydrogen peroxide was
monitored by measuring the volume of oxygen
gas evolved as a function of time. A volumetric
method was used to study the kinetics of the
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decomposition of hydrogen peroxide. The initial weight. The activation energy of the reaction was
concentration of hydrogen peroxide in solutions determined based on the dependence of the
was determined by permanganometry. The reaction rate constant on the reciprocal
experiment was conducted for 30 min with a temperature. The experiments were carried out at
constant stirring of the reaction mixture having a temperatures of 20, 25, 30, 35, 40 °C (pH 10.0).
total volume of 25 mL. The volume of oxygen

released was fixed with a precision of 0.02 mL. RESULTS AND DISCUSSION

The catalytic activity of the materials was Both the morphology and structural
evaluated by the determination of the reaction rate characteristics of the samples influence their
constant (k, s ). The maximum reaction rate was catalytic activity.

determined from the kinetic data of the By SEM analysis it was showed that the
decomposition of substrate solutions with a morphology of the cerium oxide does not change
concentration of 1-10 % in the pH range of 8.0 to significantly with the increase of the temperature
11.0 (borate buffer) by the optimum catalyst of heat treatment (Fig. 1).

a b

Fig. 1. SEM images of nanoceria samples calcinated at («) 20 °C, (b) 120 °C, (c) 300 °C, (d) 500 °C, (e) 800 °C for
1 hour

SEM images of the studied samples allowed The Energy Dispersive X-ray (EDX)
to calculate the average particle size (Table 1). microanalysis for the identification of elements
Increasing the processing temperature leads to the and their weight percentages was used (Table 1).
formation of larger particles due to agglomeration It has been demonstrated that the weight
and enhanced crystallite growth. If the average percentage of Ce and O changes as the calcination
diameter of nanosized cerium oxide particles after temperature increases. The O:Ce elements ratio in
drying at 20 °C is 12.4 nm, then calcination of the samples was in the range 1.60-2.08. This ratio
samples to a temperature of 800 °C leads to an was highest for the sample calcined at 300 °C.
increase in the average size of CeO, particles to The O:Ce elements ratio raised from 1.86 to 2.08
15.9 nm. and after decrease to 1.60. After calcination at

800 °C the O:Ce element ratio raised to 1.69.

Table 1. The content of elements in nano-sized cerium oxide samples according to the EDX analysis

Sample treatment temperature, Particle size, nm 0, % Ce, % 0:Ce
20 12.442.7 65.0 35.0 1.86
120 12.6+2.2 66.3 33.7 1.97
300 15.5+£2.9 67.5 32.5 2.08
500 10.5+1.3 61.6 38.4 1.60
800 15.9+4.6 62.8 37.2 1.69
Two parallel processes have occurred during cerium oxide surface with the loss of oxygen. And
the calcination of the samples. One process was the second one was the oxygen absorption by air
the destruction of the hydroxyl groups on the filling the oxygen vacancies of cerium oxide.
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Predominance of one process from the another
causes growth, and then a decrease in the oxygen
content with increasing calcination temperature.
To measure the mass loss percentage and
derivative mass loss thermogravimetric analysis
was used (Fig. 2). Defined from the TGA curve
weight loss is comprised of several stages,
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including physical water desorption and
chemically bonded water molecules desorption.
Mass loss of 5% between 20 and 300 °C is
attributed to adsorbed water, while after
calcination above 300 °C, another 3.5 % mass loss
refers to release from the surface of chemically
bonded water molecules.
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Fig. 2. TGA curve of a sample of nanoceria, dried at 20 °C

The parameters of the porous structure of the
synthesized materials were studied by low
temperature  nitrogen  adsorption-desorption
method (Table 2, Fig. 3). It is shown that the
porosity structure of all studied samples is similar
and determined during the synthesis of nanosized
cerium oxide. According to the classification of
the International Union of Pure and Applied
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Chemistry, the adsorption curve belongs to the
type IVa adsorption isotherm, with a distinct
hysteresis loop, indicating capillary condensation
in the mesopores. The profile of the hysteresis
loop can be attributed to the H1 type. It is believed
that the type of hysteresis H1 is associated with
the a corpuscular porous structure formed by
particles of similar size with uniform packing.

Ce-20

Ce-120
Ce-300
Ce-500
Ce-800

L L
0 50

L L L L L L s
100 150 200 250 300 350 400

R, nm

Fig. 3. Pore size distribution of investigated CeO, samples (DFT)

The specific surface area and pore size of the
synthesized material are important factors in
determining the catalytic activity. The BET
specific surface areas (Sger), total pore volumes
(¥p) and DFT pore sizes are calculated from the
isotherms (Table 2). The samples contain
mesopores with a radius in the range of 13-25 nm
and macropores with a radius in the range of
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125-150 nm. Increasing the heating temperature
of the CeO, sample to 800 °C leads to a
significant decrease in mesopores. The specific
surface area of the samples heated to 500 °C,
determined by BET, varies within 46-61 m?/g.
The total pore volume determined at the
maximum value of p/ps varies from 0.19 to
0.22 cm®/g. After heating to 800 °C, the specific
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surface area and total pore volume decrease to 17
and 0.13 cm?/g, respectively, due to a decrease in
the mesopore content due to thermal
transformations of the sample.

XRD method was used to determine the
structural characteristics of cerium oxide
materials. Fig. 4 depicts the X-ray diffraction
spectra of CeQO, nanoparticles at different
calcination temperatures for 1 hour. The average
crystallite size of the cerium oxide nanoparticles

calcinated at different temperatures was
determined by the Scherrer equation [33]:
K2
f cos 0
where D represents the average crystallite size of
the synthesized cerium oxide, K is a

dimensionless shape factor, with a value 0.89, 1 is
the X-ray wavelength of Cu K, , f is the full width
of the peak measured at half maximum intensity
(FWHM) and @ is the Bragg angle of the peak.

Table 2. Structural and sorption characteristics of calcinated nanoceria

Material Seet, m¥/g Ve, cm’/g Rpore, nm Average size of The degree of
(DFT) crystallites, nm crystallinity @, %
Ce-20 46 0.19 25 10 60
Ce-120 61 0.19 13 10 80
Ce-300 54 0.22 25 10 80
Ce-500 57 0.20 25 12 90
Ce-800 17 0.13 128 23 100
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Fig. 4. XRD spectra of CeO; nanoparticles, calcined at different temperatures

The degree of crystallinity was calculated
based on the linear dependence of the integral
intensity of the diffraction peaks on the content of
the critical phase in the sample. In a two-phase
system (amorphous and crystalline CeO,) with the
same mass absorption coefficients, the degree of
crystallinity is recorded as the ratio of the integral
peak intensities of the sample to be studied and
fully crystalline sample (we took CeO,, which is
calcinated at 800 °C as a fully crystalline):

= _fce0r o 100%.

Icen,(800)
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The average size of the crystallites and the
degree of crystallinity of CeO, were determined
by the diffraction peak (111) at 20 =28.45 deg.
Table 3 presents the structural characteristics of
the samples.

With increasing annealing temperature, the
average size of crystallites and the degree of
crystallinity increases. Thus, for the sample dried
at 20 °C the degree of crystallinity was 60 % and
the average crystallite size of 10 nm, while for the
sample, calcinated at 800 °C, the value of these
parameters was increased to100 % and 23 nm,
respectively (Table 2).
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FTIR spectroscopy was used to determine the
effect of temperature treatment of cerium oxide
nanoparticles on their chemical bonds. Fig. 5a
shows the IR spectra in the diffuse reflection
mode, and Fig. 56 shows the spectroscopic

80
X
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1
v, CM
a
Fig. 5.

internal reflection (b) modes

The DTR spectra are almost identical to
conventional absorption spectra, the difference is
that the bands in the long-wavelength region are
more intense than in the short-wavelength region
compared to the transmission spectrum of the
substance (Fig. 5 b). In the spectra of all studied
samples, the presence of CeO; is confirmed by an
absorption band of about 500 cm™, which
corresponds to vibrations of Ce-O bonds. In [34],
the authors observed the appearance of new peaks
at 1020, 1050, and 1100 cm™', corresponding to
the initial nanosized cerium oxide and calcinated
at 100 and 200 °C, respectively, and suggested
that these peaks are the result of the interaction of
Ce atoms with CO; in the atmosphere, which
leads to oscillations of Ce-O-C bonds. In the
studied samples, such peaks are observed at
~1060 cm™', with the absorption intensity
increasing with increasing sample processing
temperature. The bands at 1300 cm™ correspond
to deformation vibrations of water. The bands at
~1625 cm™ arise from vibrations of the H-O-H
bond, which is overlapped by a band
corresponding to O-C-O stretching (the intensity
of which changes after annealing of the samples).
The broad band at 3450 cm™' corresponds to
stretching vibrations of the O-H bonds of
hydroxyl groups.

The catalytic behavior of cerium oxide
nanoparticles is determined by the surface
defectivity, namely the presence of oxygen
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visualization in the disturbed total internal
reflection (DTR) mode of unannealed and
annealed at different temperatures samples of
nanosized cerium oxide.

——20°C ATR
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——300°C ATR
——500°C ATR
—— 800°C ATR

0.25

0.20 |-

T, %

0.10 |
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500 1000 1500 2000 2500 3000 3500 4000

-1
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o

IR spectra of samples Ce-20, Ce-120, Ce-300, Ce-500, Ce-800 in the diffuse reflection (a) and disturbed total

vacancies on the surface of nanosized cerium
oxide. The defectivity is measured by the ratio of
Ce*"/Ce*" ions, which was determined from
UV-Vis diffuse reflectance spectra (Table 3,
Fig. 7 a). Increasing temperature of processing of
samples leads to a decrease in the number of
surface defects due to particle aggregation and a
decrease in their specific surface area.

100

—20°C
—120°C
—300°C
——500°C
——800°C

400 500 600 700 800

A, nm

200 300

Fig. 6. UV-Vis diffuse reflection spectra of cerium
oxide nanoparticles calcinated at different
temperatures

The Ce*/Ce*" ratio was defined as the ratio of
the integral signal intensities (Fig. 7 ).
Mathematical processing of UV-Vis spectra of
nanocomposites allowed decomposing the peaks
of cerium oxide into two components,
corresponding to cerium in different valence
states: Ce®” and Ce*" as indicated elsewhere [35].
Even though the lower wavelength limit is

ISSN 2079-1704. CPTS 2025. V. 16. N 4



Influence of calcination temperature on catalytic activity of nanoceria

220 nm, extrapolating the experimental data to
the unexplored region of the spectrum and its
deconvolution into the sum of Gaussian functions,
it is possible to distinguish a peak, which we refer
to Ce*". An increase in the content of cerium oxide
and, accordingly, in nanoparticle diameter results
in an increase in the relative content of Ce*" and a
decrease in the relative content of Ce*" (Table 3).

80 -
60 L 367,4
S
o 40}
20
243,3
0 1 1 1 )
200 300 400 500 600
A, nm
a

Fig. 7.

In the UV-Vis spectrum of cerium
nanocomposites, the bands with a maximum
located near 207—223 nm are ascribed to Ce*" and
the bands with maximums around 310-337 nm to
Ce*". This analysis of UV-Vis spectra is not
quantitative; it only allows us to estimate the
relative content of the multivalent state of cerium
oxide.

A, nm

b

Deconvolution of UV-Vis diffuse reflectance spectra of Ce-300 sample (a), dependence of the Ce*" and Ce**

peaks maximum position in the UV-Vis spectra on calcination temperature (b)

The maximum of the band of Ce** shifts to a
longer wavelength with an increase in the
treatment temperature of the nanoceria to 300 °C.
And with a further increase in the calcination
temperature to 800 °C, the band of Ce*" shifts to
shorter wavelengths. The position of the
maximum of the band of Ce*" shifts to the short-
wavelength  region  (hypsochromic  shift)
(Fig. 7b). Calcination of cerium oxide
nanoparticles promotes the formation of larger
crystalline particles on the surface of which Ce**
ions predominate [36]. Calcination of nanoceria
samples at temperatures above 500 °C leads to the
oxidation of Ce** to Ce*" and to an increase in the
ratio Iyvs Ce4+/IUVS ce3+ (Fig. 8)

The catalytic activity of the synthesized
materials was evaluated by the determination of
the reaction rate constant (k) of the H,O,
decomposition reaction at the different
concentrations (1-10 %) at room temperature and
within pH 8.0-11.0 (Fig. 9). Materials calcinated
at different temperatures demonstrate maximum
catalytic activity at pH 10.0, which is determined
by the increase in the content of deprotonated
ceranol (=Ce-O-) groups on the surface of cerium
oxide with an increase in the pH from 8.0 to 10.0,
and the formation of insoluble Cerium
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compounds with a further increase in pH.
Nanoceria samples exhibit maximum catalytic
activity at pH 10.0. The sample calcinated at
300 °C possessed the best catalytic activity
(Table 3). This is due to the fact that heating under
this temperature physically adsorbed water
molecules are desorbed and catalytic centers
became active. Samples heating at higher
temperature leads to release from the surface of
chemically bonded water molecules and to the
oxidation of Ce*" to Ce*". As a result, a decrease
in the catalytic activity takes place.

The activation energy of the H,O;
decomposition reaction by the synthesized
samples was determined from the dependence of
the reaction rate constants on temperature in the
temperature range of 20-40°C at pH 10.0
(Fig. 10). The activation energy for un-annealing
sample Ce-20 is 127 kJ/mol. Increasing
temperature to 120 °C does not change the E,. It
has been shown that the smallest value of
activation energy is 77 kJ/mol for the sample,
calcinated at 300 °C. Heating the samples at
higher temperatures — 500 and 800 °C causes
growth of E, to 94 and 95 kJ/mol, respectively
(Table 3).
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Fig. 8. Dependence of the composition of the integral intensities of CeO, peaks on the calcination temperature
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Fig. 9. Dependence of samples catalytic activity (k, s™) on pH

Table 3. Dependence of structural characteristics, the content of elements, catalytic activity, and activation energy of

the reaction on the calcination temperature

Sample treatment temperature, 7 °C Ce*'/Ce** Activity, k, s Ea, kJ/mol
20 0.13 15.1 127
120 0.17 18.7 127
300 0.15 26.5 77
500 0.91 22.9 94
800 2.08 19.3 95
The particles processing temperature exhibit different activity. The degree of
determines their physical and chemical crystallinity also does not correlate with activity,

characteristics, which, in turn, influences the
catalytic activity of the materials and the effective
activation energy of the hydrogen peroxide
decomposition reaction. It was found that the
calcination temperature does not change the
morphology of CeO, particles. The average size
of crystallites varies, but does not correlate with
activity, since the Ce-20, Ce-120 and Ce-300
samples have the same crystallite sizes, but
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since the samples with the highest degree of
crystallinity are not the most active. Calcination
up to 500 °C practically does not change the
surface area and pore volume. Calcination at
800 °C reduces the surface area and pore volume.
We did not find any correlation between the
change in the degree of crystallinity and structural
parameters of the CeO, samples as a result of
calcination and their catalytic activity.
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Fig. 10.

0O:Ce ratio, Ce*"/Ce*" ratio, catalytic activity (k, s™'), activation energy of the hydrogen peroxide

decomposition reaction at pH 10.0 for calcinated nanosized CeO; samples

Fig. 10 presents O:Ce ratio, Ce*'/Ce*" ratio
and the catalytic activity (k, s') and the effective
activation energy of the hydrogen peroxide
decomposition reaction determined at pH 10. The
dependence of the rate constant (activity) on the
calcination temperature is extreme with a
maximum at 300 °C. For all samples, an inverse
proportionality between the values of £ and E, is
observed. The Ce-300 sample has the largest rate
constant and the smallest activation energy of the
hydrogen peroxide decomposition reaction. The
sample is characterized by the largest O:Ce ratio
(2.08) - the largest O content (67.5 %) and the
smallest Ce*"/Ce’" ratio (0.15), and therefore a
larger number of surface defects. It can be
assumed that during the calcination of CeO;
samples to 300 °C, desorption of physically
adsorbed water which inactivates the catalytic
centers occurs. At the same time, the surface
defectivity of the samples Ce-120 and Ce-300 -
the ratio Ce*/Ce®" decreases slightly. Therefore,
the activity of the samples increases. With a
further increase in the treatment temperature, the
physically adsorbed water is release of the ratio
0:Ce decreases and the oxidation of Ce** to Ce**
occurs, which reduces the surface defectivity.

CONCLUSION

A number of samples of nanosized cerium
oxide were synthesized by the chemical
precipitation method without stabilizers at room
temperature from aqueous solutions of cerium
nitrate with subsequent heat treatment at 120, 300,
500, 800 °C. Their physicochemical properties
were characterized, and their catalytic activity in
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a model reaction of hydrogen peroxide
decomposition was studied. The activation energy
of the H»O, decomposition reaction by the
synthesized samples was determined from the
dependence of the reaction rate constants on
temperature in the temperature range of 2040 °C
at pH 10.0. Materials calcinated at different
temperatures demonstrate maximum catalytic
activity at pH 10.0, which is determined by the
increase in the content of deprotonated ceranol
(2Ce-0O-) groups on the surface of cerium oxide
with an increase in the pH from 8.0 to 10.0, and
the formation of insoluble Cerium compounds
with a further increase in pH. Increasing the
calcination temperature of CeO, samples
increases the degree of crystallinity, but does not
correlate with samples activity. Increasing the
calcination temperature to 500 °C has little effect
on the change in the specific surface area, total
pore volume, and crystallite size. Heating to
800 C reduces the structural parameters. We did
not find correlation between those parameters and
samples catalytic activity. The dependence of the
rate constant (activity) on the calcination
temperature is extreme with a maximum at
300 °C was found. Sample Ce-300, which has the
highest O:Ce ratio (2.08), the largest O content
(67.5 %), the lowest Ce*"/Ce*" ratio among the
calcinated samples (0.15), and therefore the
largest number of surface defects exhibits the
highest catalytic activity and has the lowest
activation energy for the hydrogen peroxide
decomposition reaction. Presumably, when
heating CeO, samples, some parallel processes
occur - desorption of physically adsorbed water,
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which inactivates the catalytic centers. This groups on the surface of cerium oxide with loss of
process leads to an increase in catalytic activity of oxygen and oxidation of Ce’" to Ce*', which
the material. In addition, destruction of ceranol reduces catalytic activity.

Bnuiue TempepaTypu Npo:KaplOBaHHSI HA KAaTAJTITHYHY AKTHBHICTh HAHOOKCHAY Lepilo
AM. I'punbko, A.B. Bpuuka, O.M. bakauincbka, O.1. Opancbka, H.O. Kaaeniok, M.T. Kaptean

Hayionanvnuii ynisepcumem « Kueso-Mozunsncoka axademisny
eyn. Crkosopoou, 2, Kuis, 04070, Ykpaina
Tnemumym ximii nogsepxui in. O.0. Yytixa Hayionanvhoi akademii nayx Yxpainu
eyn. Oneza Myopaka, 17, Kuis, 03164, Ykpaina, alinagrinko2@gmail.com

Haroposmipuuii okcuo yepiro 6y10 CUHMe308aHUll PeaKyicio 0CA0NCEeHHs HImpamy yepiio y 600HOMY cepedouLlyi
be3 cmabinizamopis 3a KimHamuoi memnepamypu. OOdepowcani wacmunku okcudy yepito cywunu npu 20 °C ma
npoaicaprosanu na nogimpi npomszom 1 eoounu npu 120, 300, 500, 800 °C. CEM 300padicents 3paskie noxkasanu, ujo
Mopgonoeis ompumMano2o OKCUdy yepiro ICHMOMmMHO He 3MIHIEMbCA 30 30LNbUleHHAM memnepamypu o06pooku. 3a
Oanumu enekmpoHHoi Mikpockonii cepeonii diamemp yacmunok CeQ; sHaxooumscsa y medxcax 12.4—15.9 um. Bmicm
eleMeHmig Y 3pA3Ky GU3HAYAIU MEMOOOM eHep2OOUCnepCilinol penmeeniecbkol cnekmpomempii. CniegioHOULEHHS
0:Ce y 3paskax 3Haxoounoce 6 dianazoni 1.7-2.1. /lna eusnauenHs cmpykmypHux Xapaxmepucmux mamepianie 6y10
BUKOPUCMAHO MeMO0 PeHMeeHI8CbKoi oudparyii. Byno ecmanosneno, wo 3i 30i1bUWEeHHAM meMnepamypu Gionany
cepeonil diamemp Kpucmanimis 36invutyemocsi 6i0 10 00 23 um, a cmynine Kpucmaniunocmi 3sminoemocs 6i0 60 %
ons Ce-20 00 100 % ons Ce-800. Xapaxmepucmuxku nopucmoi cmpyKkmypu U3HA4aIu 3a HU3bKOMEMNepamypHUMU
i3omepmamu adcopoyii/oecopbyii azomy. ITumoma nosepxns (BET) spaskis, npoocapenux oo 500 °C smintoemvcs y
Mmedxcax 6i0 46 do 61 m?/2. 3azanvnuii 06’cm nop sminiocmocs 6i0 0.19 0o 0.22 cm’/z. Hpoacapiosanns npu 800 °C
npu3600Ums 00 3MEHUIeHHs NUMOMOL noéepxHi ma 3a2anvho2o 06’cuy nop 0o 17 m’/z ma 0.13 cm’/z 6idnosiono.
Memoodom TGA ecmanosneno, wo 5 % empamu macu mixc 20 i 300 °C noscuroemoca émpamoro adcopbosanoi 600u,
moodi ak nicas npoxcapiosans euwje 300 °C, smpama we 3.5 % macu - cmocyemscs GUGiIbHEHHs 3 NOBEPXHI XIMIUHO
36'azanux monexyn 6oou. Cniesionowenns lyys co’/lyvs " y 3pasxax oyinosanu 3a YD-cnekmpamu ougysnozo
8i06umms; 80HO 3MiHI08an0cA 6 Odianasoui 6i0 1.60 oo 2.08. Ilposwcaprosanus 3paskié HAHOOKCUOY yepiio 3a
memnepamyp euwe 500 °C npuzeooums 0o oxucuenns Ce>* oo Ce’ ma smemwenns oegpexmuocmi noeepxmi
Hanookcudy yepilo. Kamanimuuny axmueHiCmb CUHME308AHUX Mamepianie OYiHIOBANU SUSHAYEHHSM KOHCHAHM
weuokocmi peakyii (k) posxnaoanns H>O: npu piznux xonyenmpayisx (1-10 %) 3a kimnamuoi memnepamypu ma 6
Oianaszoni pH 8.0-11.0. Mamepianu, npooscapeni 3a pizHUX meMnepamyp, OeMOHCMPYIOMb MAKCUMALbHY
Kkamanimuuny axmuenicms npu pH 10.0, wo eusnauaemscs 30i1buleHHAM 8MICIY 0enpomOHOBAHUX YEePAHOIbHUX 2PYN
Ha nosepxHi okcudy yepito 3i 30inbwenuam pH 6i0 8.0 do 10.0, ma 3meHweHHAM AKMUBHOCMI NPU YMEOPEHHI
HEPO3YUHHUX CNOAYK yepito npu nooanvuwiomy niosuwgenni pH. Enepeiro axmusayii (E,) peakyii po3kiadanus
nepoKcUdy 8OOHIO 3pA3KAMU HAHOOKCUOY yepito 6 dianasoni memnepamyp 20-40 °C npu pH 10 eusnauanu 3a
KinemuyHumu oanumu. E, onsa negionanenozo spasky Ce-20 cmanosums 127 kl{oc/mons. 36invuieHHs memnepamypu
0o 120 °C ne 3minwe E,. Byno nokazano, wo HalimeHule 3Hauents enepaii akmusayii cmanosums 77 Koc/monb 0ns
3paska, npoacapenozo npu 300 °C. Haepisanna 3pasxie 0o memnepamyp 500 ma 800 °C npuzeooums 0o 3pocmans
E, 00 94 ma 95 x/xc/monsb 8ionosiono.

Mu ne usigunu xopeasiyii Migic cmynenem KpuCmaniyHoCmi, NUMOMOIO NOGEPXHEIO, 3a2dbHUM 00 eMoM nop,
PO3MIpOM Kpucmanimie ma KamauimuyHol aKmueHICmIo RpOJICaApeHux 3paskie. Bcmanoeneno excmpemanvhy
3ANEINCHICIb KOHCMAHMU WEUOKOCMI (AKMUSHOCMI) 610 meMnepamypu npoxcaprogants 3 maxcumymom npu 300 °C.
3pasox Ce-300, axuii mae nauvsuwe cniesionouennss O:Ce (2.08), naubinowui emicm O (67.5 %), Haiinudicue
cnisgionowenns Ce**/Ce’* (0.15) ceped nposicapenux 3pasxis, a omoice, HatibinobuLy KinbKicmo no6epxnesux oeghexmis,
BUAGIAE HALLBUWY KAMANIMUYHY AKMUGHICMb MA MAE HAUHUNCUY eHepeiio aKmusayii peakyii po3KiaoanHs nepokcuoy
6oonio. Hmosipno, npu nacpisanni spaskie CeQ, 6i06yeaemvcs 0eKinbka napaienHux npoyecis. 3Minu 3HAUeHb
CMPYKMYPHUX NApaAMempie abo He BNIUBaIOmb, [ HA KAMAIIMUYHY AKMUSHICTb HAHOOKCUOY YEPII0 ab0 € He3HAYHUMU.
Biobysaemuocs 0ecopbyin ghizuuno adcopbosaroi 600u, axa inakmugye kamanimuyni yewmpu. Lleii npoyec npusooumao
00 nidguweHns kamanimuynoi akmugnocmi mamepiany. Kpim moeo, 8io6ysacmuca gioujennients yepaHoIbHux epyn 3
noeepxui oxcudy yepiio 3 mpamoio kuciio ma oxuchenns Ce>* 0o Ce**, wo snuoicye kamanimuumny axmuenicmeo.

Kntouogi cnosa: nanouwacmunku okcudy yepiro, KarbYuHAyis, Kamaiimuuna aKmueHiCmb, pPO3KIAOAHHS
nepoxcudy 800HI0, eHepeist akmusayii
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