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A number of kaolin-based nanomaterials decorated with CeO, were synthesized by the
precipitation method from aqueous solutions of cerium nitrate, without stabilizers at room
temperature, and their properties were characterized. The amount of nanoceria deposited
in nanomaterials was 2.76—7.37%, and their size varied from 5.6 nm to 10.4 nm. X-ray
diffraction analysis of the samples showed that cerium dioxide has a cubic structure. IR
spectroscopy confirmed that a chemical interaction between the modifier and the matrix
(i.e. the formation of a chemical bond) cannot be detected. The Ce* /Ce*" ratio in
nanocomposites was estimated from UV-spectra of diffuse reflectance, it varied in the
range of 0.98 to 2.88. By calculating the affinity constant from kinetic data in the framework
of enzymatic reactions concept, the catalytic activity of the synthesized materials and
kaolin in the model reaction of hydrogen peroxide decomposition was determined in the
pH range of 8.5—10.5 and compared with the catalase enzyme and commercial nano-
sized CeQ,. The pH dependence of the nanocomposites activity was shown to be extreme
with maxima at pH 10.0. The activation energy of the reaction of hydrogen peroxide
decomposition on the studied catalysts was determined for the temperature range of 20°C
to 40°C at pH 10.0. It was found that the catalytic activity of nanocomposites increased
and the activation energy decreased with an increase in the decorator content at a constant
pH. An analysis of the factors that determine the activity of nanoceria in the nanocomposites
showed that an increase in the dispersion of nanocrystallites and the relative content of
Ce*" ions on their surface resulted in the improvement in the catalytic activity of
nanomaterials.
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Introduction

Cerium, the most common rare earth element,
is non-toxic, relatively inexpensive, and available for
research and practical use. Cerium electronic
configuration is [Xe] 4f' 5d' 6s%. The energy of the
inner 4f level is almost equal to the energy of the
outer or valence electrons. Since very low energy is
required to change the relative occupancy of these
electronic levels, and the orbitals 4f and 5d are
partially filled, cerium atoms exhibit double valence
states +4 and +3, forming two oxide compounds:
CeO, (Ce*") and Ce,0, (Ce3").

The transition from an ion Ce** with a smaller
ionic radius (0.92 A) to an ion Ce** with a larger
radius (1.034 A) leads to the formation of oxygen

vacancies. The reduction of the particle size of the
CeQ, crystals to the nanoscale results in an expansion
of the lattice and an increase in the ability to
accumulate oxygen. The amount of Ce3* ions
increases, consequently the deficiency of oxygen in
the structure and on the surface of the particles causes
the formation of more surface defects (as compared
with larger crystals) [1]. The existence of oxygen
vacancies and their mobility in the crystal facilitate
redox reactions on its surface, where nanoceria
effectively binds free radicals [2], which include
reactive oxygen species (ROS), such as superoxide
anion radical (*O,"), singlet oxygen ('O,), hydroxyl
(OH*) and peroxide (HO®,) radicals, hydrogen
peroxide (H,0,), and peroxide ion (HO,").
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Superoxide anion-radical is generated as a by-
product of metabolic processes and is capable of
decomposing to hydrogen peroxide by itself or by
enzyme. The rate of the enzymatic reaction is about
four orders of magnitude higher than the spontaneous
one. In addition, in spontaneous dismutation, the
product of the reaction is singlet oxygen, while the
enzymatic reaction leads to the formation of oxygen
in the triplet state. A further protonation of hydrogen
peroxide results in formation of a hydroxyl radical,
which has higher reactivity and toxicity than the
superoxide anion radical.

To limit the concentration of superoxide anion
and hydroxyl radical and restore them to water in
cells, enzymes (superoxide dismutase and catalase,
respectively) are produced. However, due to adverse
factors, such as inflammation, these protective
mechanisms do not always work correctly, leading
to an increase in the reactive oxygen species. In
addition, the functioning of natural enzymes is limited
because they are effective only in a certain limited
pH range, sensitive to temperature changes and
dependent on the salt content of the solution. It has
been shown [3] that nanoceria is capable of exhibiting
catalytic enzymatic (superoxide dismutase and
catalase) properties, making them a potent
antioxidant agent for therapeutic applications. The
biological activity of nanosized CeQO, (the ability to
bind, retain and release ROS) depends on many
factors, including the size of the particles, their
morphology [4], the pH of the medium [5] and the
number of surface defects, which are defined as the
ratio of the number of Ce*"/Ce?* atoms [6].

This work was aimed at preparing
nanocomposites «kaolin/cerium oxide» with different
modifier content, analyzing their physicochemical
properties, determining the catalytic enzyme activity
of the synthesized materials in a model reaction of
hydrogen peroxide decomposition in comparison with
the activity of nanoceria, kaolin and catalase enzyme
at different pH medium, and establishing the effective
activation energy of the reaction of hydrogen peroxide
decomposition by synthesized nanocomposites,
pristine kaolin and nanoceria.

Materials and methods

Nanoceria was synthesized by reacting cerium
nitrate with sodium hydroxide in an aqueous medium
without any stabilizers at room temperature:

4Ce(NO;);+12NaOH+0,=4Ce0,+12NaNO,+6H,0
Dysten Limited’s P-2 brand kaolin

(Al,S1,05(OH),)) was used. The nanocomposite
suspension was filtered, washed and dried at 383°C.

The samples of kaolin/CeO, were synthesized with
different weight content of nanoceria in
nanocomposites: 3% (K-3Ce), 5% (K-5Ce), 7%
(K-7Ce) and 9% (K-9Ce). Nano-sized cerium
dioxide content in the nanocomposites was
determined by atomic emission spectroscopy by using
a spectrometer (ICPE-9000, Shimadzu).

Nanocomposites based on kaolin were
characterized by the results of the studies by means
of a Hitachi H-800 transmission electron microscope
(TEM) using electron diffraction in the selected area.
The size of the particles was determined by analyzing
dark-field images using a linear measurement program
and selecting more than 40 objects for each sample.
Nanocomposites were characterized by scanning
electron microscopy (MIRA3 LMU, TESCAN) with
an Oxford X-MAX 80 mm? energy-dispersive
spectroscopic chemical analysis system with an
instrument uncertainty of £1%. A Thermo Nicolet
Nexus FT-IR spectrometer was used to record the
IR spectra of kaolin and nanocomposites in the range
of 4000—400 cm™! in diffuse reflection mode with a
measurement uncertainty of £1.8 cm™' at room
temperature. The UV spectra of kaolin and
nanocomposites were recorded by means of a
UV-VIS-NIR spectrophotometer UV-3600,
Shimmadzu in the diffuse reflection mode in the
range of 220—330 nm with an instrument uncertainty
of £1 nm. Electronographic analysis of
nanocomposites was performed using a Hitachi H800
transmission electron microscope (TEM). X-ray
analysis was conducted by means of a DRON-4-07
diffractometer.

The enzyme activity of the test materials and
the effective activation energy of the reaction were
determined in a model reaction of the decomposition
of hydrogen peroxide. A volumetric method was used
to establish the kinetics of the decomposition of
hydrogen peroxide. The initial concentration of
hydrogen peroxide in solutions was determined by
permanganometric titration. The experiment was
conducted for 30 min with a constant stirring of the
reaction mixture having a total volume of 25 mL.
The volume of oxygen released was fixed with a
precision of 0.01 mL. The numerical determination
and comparison of the catalase activity of
nanomaterials and the enzyme catalase were made
in accordance with the concepts of the enzyme
reactions using the Michaelis constant (K., mM).
The maximum reaction rate was determined from
the kinetic data of the decomposition of substrate
solutions with a concentration of 1—10% in the pH
range of 8.5 to 10.5 (borate buffer) by the optimum
catalyst weight. The Michaelis constant was
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Fig. 1. SEM images of kaolin (a) and K-9Ce nanocomposite (b). (c) — the distribution of CeO, in the material

determined from the graph of the maximum reaction
rate versus concentration in the double reciprocal
Lineweaver—Burk coordinates. The reliability of the
approximation of the linearization of the experimental
data in almost all cases exceeds 0.95. To facilitate
the interpretation of the obtained experimental data,
the affinity constant (K,, mM™' reverse to the
Michaelis constant) was used. The activation energy
of the reaction was determined based on the
dependence of the reaction rate constant (k, s™') on
the reciprocal temperature. To determine the
activation energy of the reaction of the decomposition
reaction of hydrogen peroxide, the experiments were
carried out at the temperatures of 20, 25, 30, 35,
40°C (pH 10.0).

Results and discussion

The dispersion and particle distribution of the
modifier in the nanocomposite determine its catalytic
and biological activities. Electron microscopic
examinations of the pristine kaolin revealed the
compliance of its structure and morphology with
the data of material certificate. SEM images showed
that the size of kaolin particles in the samples varied
from hundreds of nanometers to tens of micrometers
(Fig. 1).

After the modification, nanoscale particles are
observed in the nanocomposite images. Analysis of
SEM and TEM images of identical samples allows
us to claim that these are particles of nanoceria. The
study of the structure and morphology of kaolin
nanocomposites with nanoceria deposited on its
surface revealed the presence of nanosized particles,
the number of which increases with increasing
content of nanoceria in nanocomposites. The
nanoparticles are evenly distributed on the surface
of the kaolin particles, and the uniformity of its
deposition remains with increasing nanoceria content.
Figure 2 shows the TEM images of the edges of

Fig. 2. TEM images in light and dark fields of nanocomposite
K-9Ce

particles of a K-9Ce nanocomposite in light and
dark fields.

The analysis of images of nanocomposites with
different content of nanoceria showed that an increase
in the concentration of the modifier during the
process of synthesis leads to the formation of larger
decorator particles (Table). The dependence of the
average diameter of the nanosized cerium dioxide
particles on its content is linear (Fig. 3).

Electron diffraction study of particles revealed
reflections with d (hk1)=3.12 A (111), 2.7 A (200),
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Fig. 3. The dependence of the particle size of nanoceria on its
content in the nanocomposites according to electron
microscopy
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Fig. 4. Electronogram of particles in the nanocomposite is
d (hk1)=3.12 (111), 2.7 (200), 1.89 (220) and 1.64 A (311)

1.89 A (220), and 1.64 A (311), which indicates the
cubic structure of nanosized cerium dioxide
(Fig. 4). The significant blurring of modifier signals
can be explained by the influence of the nanosized
crystallites and the low crystallinity of nanoceria.

The synthesis parameters of the materials were
calculated to obtain nanocomposites with modifier
content of 3, 5, 7 and 9 weight percent. According
to the results of atomic emission spectrometry
(Table), the content of CeO, in the synthesized
samples varies within the range of 2.76% to 7.37%.
This is due to the leaching of CeQO, at the filtration
stage.

In addition to the size of nanocrystallites, the
catalytic activity of nanoceria is determined by the
presence of Ce** atoms on the surface or by its defect,
which is characterized by the ratio Ce*'/Ce’" [6].
This was determined from the UV spectra of diffuse
reflection of kaolin and synthesized cerium-
containing nanocomposites (Fig. 5). In the spectrum
of unmodified kaolin, a number of maxima (the most
intense at 251.5 nm) related to impurities of iron,
titanium and others in aluminosilicate were detected.
The content of these ions was determined by energy
dispersion analysis. The modification of kaolin caused
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Fig. 5. UV-Vis spectra of kaolin (a) and nanocomposites
K-3Ce (b), K-5Ce (c), K-7Ce (d), K-9Ce (e). The
wavelengths corresponding to the peaks are indicated in Figure

the appearance of a signal from nanoceria in the
spectra.

Maximum signals at 284.5 nm (K-3Ce),
290 nm (K-5Ce), 290.5 nm (K-7Ce) and 292.5 nm
(K-9Ce) shifted to a long-wavelength region with
increasing the content of nanoceria, which confirmed
the observations reported elsewhere [7].

The Ce*"/Ce?** ratio was defined as the ratio of
the integral signal intensities (Fig. 6,a). 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*. 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 Ce3* (Table). The Ce* and Ce’* ions
correspond to the peaks with maxima at 198—219 nm
and 311—323 nm, respectively. This analysis of
UV-Vis spectra is not quantitative; it only allows us
to estimate the relative content of multivalent state
of cerium in nanoparticles.

When the content of CeO, in nanocomposites
increases, a shift of the peak maximum to the long-

Catalysts characteristics and activation energy of the reaction of hydrogen peroxide decomposition by them

Material CeO, content, % A(\lf'erage particle | Tuysce /lovs ce” in UV-spectra E,, kJ/mol
iameter, nm of nanocomposite

Kaolin — — — 221
K-3Ce 2.76+0.01 5.6 0.98 195
K-5Ce 4.55+0.02 6.9 1.33 172
K-7Ce 6.16+0.02 8.6 2.11 149
K-9Ce 7.37+0.04 10.4 2.88 139
CeQ, (nanosized) 100.00 31.0 — 125
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Fig. 6. (a) — UV-Vis spectrum of cerium(IV) oxide in K-5Ce nanocomposites and its decomposition into components,
(b) — dependence of the peaks maximum position in the UV-Vis spectra of Ce**, Ce** and CeO, on the content of cerium(IV)
oxide in nanocomposites

wavelength region (bathochromic effect) is observed
in the UV-Vis spectra. The more intense shift is
ascribed to Ce*", which confirms an increase in Ce**
relative content in the nanocomposite with increasing
the content of nanoceria (Fig. 6,b). When the content
of the decorator in the nanocomposite increases,
the size of CeO, nanocrystallites increases (Fig. 3),
while their surface decreases, the ratio of
IyvsCe* /I ysCe?* increases, and the quantity of
surface defects decreases (Table).

The IR spectra of nanocomposites are not
significantly different from those of kaolin (Fig. 7).
The absorption bands of the hydroxyl groups and
adsorbed water are observed in the spectra at 3750—
3600 cm™! and 3550—3400 cm™!, respectively. The
Al—O and Si—O bond bands of the kaolin framework
appear below 1200 cm™!. It is obvious that we could
not detect chemical interaction between the modifier
and the matrix (formation of a chemical bond), which
would affects the vibrational spectra of the modified
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Fig. 7. IR spectra of nanocomposites and pristine kaolin

kaolin.

Since the 4f and 5d orbitals in the cerium atom
are partially filled and very little energy is necessary
to change the relative occupancy of these electronic
levels, cerium has two stable valence states (+4 and
+3) and forms two oxides (CeO, and Ce,0;). The
transition from an ion Ce*" with a smaller ionic radius
(0.92 A) to an ion Ce** with a larger radius (1.034 A)
leads to the loss of oxygen and the formation of
oxygen vacancies, which are considerable defects in
the lattice structure [8].

To balance the charge after the release of
oxygen, two Ce*" atoms are restored to Ce’" state
with the formation of an oxygen vacancy:

CeO, — CeO, +%X02 (2),

where 0<x<0.5.

The higher concentration of oxygen vacancies
provides greater mobility of oxygen atoms in the
crystal. This promotes redox reactions on its surface
and determines a high catalytic activity of the
material, thereby making nanoceria effectively bind
the free radicals, which include reactive oxygen
species. To limit the concentration of ROS, in
particular superoxide and peroxide compounds, the
cells produce superoxide dismutase and catalase
enzymes. The ability of cerium to switch between
the oxidation states and the coexistence of Ce** and
Ce** ions on its surface allows nanoceria to exhibit
catalase and superoxide dismutase catalytic enzymatic
activity. The mechanism of decomposition of
hydrogen peroxide by heavy metal ions was proposed
by Haber and Weiss, supplemented by Bard and
associated with the transition of electrons between
surface ions and solid atoms and liquid phase

Kaolin/cerium oxide nanocomposites: properties and activity in hydrogen peroxide decomposition reaction
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components [9,10]:
Ce™ +H,0, — Ce* +OH™ +° OH;
H,0, +"OH - H,0+HO;;
HO, > H" + 0;;
Ce*" +° 0, > Ce’ +0,;
Ce™ +HO; — Ce** + HO3;
Ce*" + HO, — Ce’" + HO:,.

During the recovery of superoxide by nanoceria,
hydrogen peroxide is formed and the Ce*' ion is
oxidized to Ce*'. The formed Ce*" ion is able to
react with the H,0, molecule, while it is reduced to
the Ce** ion and H,0, is oxidized to O, [11]:

2Ce™ +H,0, +2H" — 2H,0+2Ce*;

Ce*" +H,0,+¢ — Ce™ +H' + HOO";
Ce*" +HOO® +¢” — Ce™ +0, + H';
2Ce*" +H,0, —»2Ce* +0, +2H".

A model of the mechanism of enzyme-like
activity of nano-sized CeO, was proposed. It clearly
demonstrates the ability of a material to decompose
hydrogen peroxide by two different mechanisms, one
of which is similar to the action of the superoxide
dismutase enzyme, and the other resembles the action
of the enzyme catalase. The combination of these
two sequential redox reactions, namely the conversion
of superoxide to peroxide and peroxide to O,, makes
nanoceria an ideal antioxidant, because it can
cyclically and infinitely long (theoretically) absorb
two active forms of oxygen.

It was reported [12] that cerium preparations
exhibit enzymatic (catalase and superoxide dismutase)
activity. Therefore, we have numerically determined
and compared the catalytic capacity of kaolin,
synthesized nanocomposites with different CeO,
content (samples K-3Ce, K-5Ce, K-7Ce and
K-9Ce), a commercial preparation of pure nanoceria
and catalase enzyme in a model reaction of hydrogen
peroxide decomposition [13] in the pH range of 8.5
to 10.5 from the standpoint of the formal kinetics of
enzymatic reactions. For this purpose, the linear
interval of the maximum rate of hydrogen peroxide
decomposition for the catalyst sample weights lying
in the range of 0.000—0.035 g was experimentally

determined and the catalyst sample with the weight
of 0.025 g was selected for further study. The activity
of the investigated nanocomposites was compared
with the previously established data for nanosized
cerium dioxide and the catalase enzyme [13].

It was shown that pure nanoceria is the most
active among the studied catalysts in the selected
pH range. Its affinity constant for pH 9.5 is
0.0500 mM™!, which is almost 30 times higher than
that for the catalase enzyme. Under these conditions,
i.e. beyond the optimum pH, the activity of the
catalyst is low.

The activity of kaolin (a carrier of the decorator
in the synthesized nanocomposites) was found to be
low, it was decreased with increasing pH and
comparable in magnitude with the activity of the
enzyme. The presence of a modifier in the
composition of the nanocomposite (2.76%) caused
an almost twofold increase in the activity of the
nanocomposite as compared with the carrier.

An extreme dependence of the activity of
deposited catalysts on the pH with a maximum at
pH 10.0 was established (Fig. 8). Vlasova et al. [14]
reported that the catalytic activity of nanosized CeO,
with respect to the decomposition of H,O, increases
with changing pH of the medium from 3 to 9. An
increase in catalytic activity in the pH range of 8.0
to 10.0 can be associated with an increase in the
number of =Ce—O~ groups on the surface of
nanoceria involved in the oxidation-reduction
reactions of hydrogen peroxide interaction with Ce**
ions and Ce?** by Garber and Weiss. The number of
protonated (=CeOH,*) and deprotonated (=CeQO")
groups on the surface of nanoceria was calculated
based on the Stern model of complex formation
taking into account the protonation, dissociation,
and formation of outer-sphere complexes with
electrolyte ions, which are 210 pmol/g and
125 umol/g for pH 2 and pH 9, respectively [14]. A
further increase in pH of the medium leads to a
decrease in the catalytic activity of cerium-containing
nanomaterials, which is caused by the formation of
low-bonded Ce** compounds on the surface of
nanoceria. Thus, the solubility constant of Ce(OH);
at 25°C is 6.3-1072* [15].

It was found that the catalytic activity of
cerium-containing materials (K,) is directly
proportional to the content of nanoceria in the
composite (Fig. 9).

The conversion of the catalytic capacity of
nanocomposites to 100% of the decorator content
in them (Fig. 10,a) allows us to analyze the factors
that determine the activity of nanosized CeO.,.
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It was found that the highest catalytic ability
in terms of 100% content of cerium oxide was
reached for the material K-3Ce with a modifier
content of 2.8%, 5.6 nm nanocrystallites size and
Ce**/Ce’*ratio of 0.98. The activity of this sample is
3.8 times higher than that of commercial nanosized
CeO, with 31 nm nanocrystallites and 1.2—1.4 times
higher than the remaining nanocomposites. The
activity of nanosized CeO, in nanocomposites
decreases with an increase in both the size of the
nanocrystallites and the Ce*"/Ce3* ratio (Fig. 10,b).
As the size of the modifier particles decreases, their
surface area increases and, accordingly, the relative
content of Ce3*ions (defects) in it increases, the
presence of which being associated with the catalytic
activity of nanoceria.

The activation energies (E,) of the reaction of
hydrogen peroxide decomposition by the
nanocomposites and pristine kaolin in the
temperature range of 20—40°C at pH 10 were
determined.

It was shown that the activation energy for
pristine kaolin is 221 kJ/mol. The activation energy
changed from 195 kJ/mol for the material with the
lowest modifier content to 139 kJ/mol for the
nanocomposite with the highest amount of a modifier
(Table). It was found that the activation energy of
the decomposition of hydrogen peroxide decreased
with increasing the content of nanoceria (%) and
the ratio of Iyys c.**/Iyvs °t, Which is a measure of
the surface defect of nanocrystals of CeO, (Fig. 11).

Contrary to expectation, an increase in the size
of crystallites of nanosized CeO, leads to a decrease
in the activation energy. It can be concluded that
the catalytic activity of cerium-containing
nanocomposites and the reduction of the activation
energy of the H,0, decomposition reaction are
determined by the absolute content of the decorator

Kafl mM-1

R?=0.8975

R?=0.9448

2.00 4,00

b

6,00 8.00 10.00

Fig. 10. The activity of nanocomposites at pH 9.5 in terms of 100% content of cerium oxide (a), and its dependence on the ratio
of Ce*"/Ce’*(®) and the CeO, nanocrystallites size, nm (H) (b)
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Fig. 11. Dependence of the activation energy of the decomposition reaction of hydrogen peroxide by nanocomposites of kaolin—
cerium oxide on the content of CeO, (@), crystallite size (M) and the ratio of Iys ¢t /Iyvs > (A)

or by the amount of Ce** ions in them. The efficiency
of cerium-containing catalysts can be increased if it
is possible either to synthesize nanocomposites with
high weight content of a decorator which
nanoparticle size should be small or increase the
specific content of Ce3" ions on the surface of
nanosized CeO,.

Conclusions

A number of composite kaolin—cerium oxide
based materials were synthesized via deposition
reaction using aqueous cerium nitrate solutions
without any stabilizers at room temperature. By the
methods of physical and chemical analysis, the
characteristics of the studied materials were
determined. According to atomic emission
spectrometry, the amount of applied cerium oxide
in nanomaterial was in the range of 2.76% to 7.37%.
The nanoceria particle size determined from the SEM
images was 5.6—10.4 nm and proportional to its
content in the nanocomposite. The TEM images
showed the morphology of the modifier particles in
the synthesized materials. IR spectroscopy confirmed
that chemical interaction between the modifier and
the matrix (i.e. formation of a chemical bond) was
not detected. The diffuse reflection UV spectroscopy
evaluated the Iys c.*"/Iyvs c° ratio as a measure of
the number of surface defects in nanocomposites.

The catalytic activity of the synthesized
materials and kaolin in the model reaction of
hydrogen peroxide decomposition in the pH range
of 8.5—10.5 was investigated by calculating the affinity
constant from kinetic data within the range of

enzymatic reactions. The catalytic activity was
compared with that of the catalase enzyme and
commercial nanosized CeO,. It was shown that the
dependence of the activity of the samples on pH
exhibited a maximum at pH 10.0.

The activation energy of the reaction of
hydrogen peroxide decomposition by nanocomposites
and kaolin at pH 10.0 in the temperature range of
20—40°C was established. It was found that the
catalytic activity of nanocomposites was increased
at a constant pH. The activation energy was decreased
when the content of a decorator increased. The
analysis of the factors that determine the activity of
nanoceria in the composition of nanocomposites
showed that an increase both in the dispersion of
nanocrystallites and in the relative content of Ce**
ions leads to an improvement in the catalytic ability
of nanomaterials.
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HAHOKOMIIO3UTHU KAOJIIH/OKCH/I ITEPIIO:
BJIACTHUBOCTI TA AKTUBHICTbD Y PEAKIIIT
PO3K/IATAHHSA ITEPOKCHAY BOAHIO

A.M. Ipunvko, A.B. bpuurka, O.M. baxaaincoka,
O.1. Opanceka, M.T. Kapmeao

Memodom ocadicenns 3 600HUX pO34UHIE uepiil Himpamy,
be3 cmabinizamopie, npu KiMHaAmMHIid memnepamypi, CUHMe308aHO
ma oxapaKkmepu308ano 6AACMUEOCI HUKU HAHOMamepianié Ha oc-
HogI Kaoniny, dexoposanux CeO,. Kinvkicmb HaHeceHo2o uepiil ok-
cudy 6 Hawomamepiarax cmarosumv 2,76—7,37%, a ix posmip
sapiroemucs 6i0 5,6 0o 10,4 um. Penmeenocmpykmypruti ananis
3paskie nokasae, wo yepitl diokcud mae KyoiuHy cmpykmypy. 3a
14 cnekmpamu 8uxioHoeo KQoAiHy ma HAHOKOMNO3UMIB He MOJNCHA
BUABUMU XIMIUHY 83A€MO0i0 Midc Modugikamopom i mampuyero
(ymeopenHs Ximiunoeo 36 ’a3ky). Cnisgionowenns Ce*"/Ce’" ¢ na-
HOKOMNo3umax, oyinere 3a YD-cnexmpamu ougysnoeo eidoumms
sapitoemucs y mexcax 0,98—2,88. Pozpaxynkom koncmaumu agh-
hinHocmi i3 KiHemUu4HUX OQHUX, Y MeXCax ysieaeHb npo nepedie ex-
3UMAMUYHUX peakyitl, OyA0 8U3HAYEHO KAMANIMUYHY AKMUBHICMb
CUHMEe308aHUX Mamepianie ma KaoaiHy y MOOeabHill peakyii po3k-
snadanHst nepokcudy 600uw y inmepeani pH 8,5—10,5 ma nopigusaro
i3 ghepmenmom kamanaza i komepyiunum Haroposmiprum CeO,.
Tlokasano, wo 3anrexchicmos akmuerocmi 3paskie 6id pH excmpe-
manvua 3 makcumymom npu pH 10,0. Busnaueno enepeiro akmu-
sauii peaxkyii po3KAadanHs nepokcudy 600HH 00CAIONCYBAHUMU HA-
HOKOMRO3umamu ma Kaoainom 6 dianasorni memnepamyp 20—40°C
npu pH 10,0. Bcmanosaero wo npu cmanomy pH cepedosuuia ka-
manimuyHa aKMueHicms HAHOKOMNO3UMIE 30i1bUYEMbCS, a eHep-
2isl akmueauii 3MeHuy€emocsi npu 30inbuleHHi eMicmy dekopamopa.
Ananiz pakmopis, w0 eusHa4arMo AKMUBHICMb HAHOPOIMIDHOZ0
yepii okcudy y ckaadi HaHOKOMNO3UMie, NOKA3YOMb, W0 30inbUeHHS
ducnepcrHocmi HaHoKpucmanimie ma eioHocHo2o emicmy ionie Ce’*
Ha ix noeepxHi npugooums 00 NOKpaujeHHs KamarimuyHoi 30am-
HOCmi HaAHOMamepianie.

KimouoBi ciioBa: HaHOPO3MipHMI 1iepiil OKCHI, KaoJliH,
HaHOKOMIIO3WUTH, KaTaJliTUYHAa aKTUBHICTh, €HEPTis aKTUBAILIil,
PpO3KJIalaHHs IEPOKCUY BOAHIO.
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A number of kaolin-based nanomaterials decorated with CeO,
were synthesized by the precipitation method from aqueous solutions
of cerium nitrate, without stabilizers at room temperature, and their
properties were characterized. The amount of nanoceria deposited in
nanomaterials was 2.76—7.37%, and their size varied from 5.6 nm
to 10.4 nm. X-ray diffraction analysis of the samples showed that
cerium dioxide has a cubic structure. IR spectroscopy confirmed that
a chemical interaction between the modifier and the matrix (i.e. the
formation of a chemical bond) cannot be detected. The Ce*"/Ce’*
ratio in nanocomposites was estimated from UV-spectra of diffuse
reflectance, it varied in the range of 0.98 to 2.88. By calculating the
affinity constant from kinetic data in the framework of enzymatic
reactions concept, the catalytic activity of the synthesized materials
and kaolin in the model reaction of hydrogen peroxide decomposition
was determined in the pH range of 8.5—10.5 and compared with the
catalase enzyme and commercial nano-sized CeO, The pH
dependence of the nanocomposites activity was shown to be extreme
with maxima at pH 10.0. The activation energy of the reaction of
hydrogen peroxide decomposition on the studied catalysts was
determined for the temperature range of 20°C to 40°C at pH 10.0. It
was found that the catalytic activity of nanocomposites increased
and the activation energy decreased with an increase in the decorator
content at a constant pH. An analysis of the factors that determine
the activity of nanoceria in the nanocomposites showed that an
increase in the dispersion of nanocrystallites and the relative content
of Ce’" ions on their surface resulted in the improvement in the
catalytic activity of nanomaterials.

Keywords: cerium oxide nanoparticles; kaolin;
nanocomposites; catalytic activity; activation energy; hydrogen
peroxide decomposition.
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