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A number of kaolin-based nanomaterials decorated with CeO2 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 Ce4+/Ce3+ 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 CeO2. 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 200Ñ

to 400C 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

Ce3+ 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] 4f1 5d1 6s2. 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:
ÑåÎ2 (Ñå4+) and Ñå2Î3 (Ñå3+).

The transition from an ion Ce4+ with a smaller
ionic radius (0.92 Å) to an ion Ce3+ with a larger
radius (1.034 Å) leads to the formation of oxygen

vacancies. The reduction of the particle size of the
CeO2 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 (O2

–), singlet oxygen (1Î2), hydroxyl
(OH) and peroxide (ÍÎ

2) radicals, hydrogen
peroxide (Í2Î2), and peroxide ion (ÍÎ2

–).
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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 CeO2 (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 Ce4+/Ce3+ 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(NÎ3)3+12NaOH+Î2=4ÑåÎ2+12NaNÎ3+6Í2Î

Dysten Limited’s P-2 brand kaolin
(Al2Si2O5(OH)4)) was used. The nanocomposite
suspension was filtered, washed and dried at 3830C.

The samples of kaolin/CeO2 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 mm2 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–1 in diffuse reflection mode with a
measurement uncertainty of ±1.8 cm–1 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 (Km, 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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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 (Kaf, mM–1 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–1) 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,
400C (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

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 (hkl)=3.12 Å (111), 2.7 Å (200),

                           a                                                         b                                                          c

Fig. 1. SEM images of kaolin (a) and K-9Ce nanocomposite (b). (c) – the distribution of CeO2 in the material

Fig. 2. TEM images in light and dark fields of nanocomposite

K-9Ce

Fig. 3. The dependence of the particle size of nanoceria on its

content in the nanocomposites according to electron

microscopy
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1.89 Å (220), and 1.64 Å (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 CeO2 in the synthesized
samples varies within the range of 2.76% to 7.37%.
This is due to the leaching of CeO2 at the filtration
stage.

In addition to the size of nanocrystallites, the
catalytic activity of nanoceria is determined by the
presence of Ce3+ atoms on the surface or by its defect,
which is characterized by the ratio Ce4+/Ce3+ [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

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 Ce4+/Ce3+ 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: Ce3+ and Ce4+. An increase in the
content of cerium oxide and, accordingly, in
nanoparticle diameter results in an increase in the
relative content of Ce4+ and a decrease in the relative
content of Ce3+ (Table). The Ce4+ and Ce3+ 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 ÑeÎ2 in nanocomposites
increases, a shift of the peak maximum to the long-

Fig. 4. Electronogram of particles in the nanocomposite is

d (hkl)=3.12 (111), 2.7 (200), 1.89 (220) and 1.64 Å (311)

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

Material CeO2 content, % 
Average particle 

diameter, nm 
IUVS Ce

4+/IUVS Ce
3+ in UV-spectra  

of nanocomposite 
Еа, kJ/mol 

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 

CeO2 (nanosized) 100.00 31.0 – 125 

 

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
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wavelength region (bathochromic effect) is observed
in the UV-Vis spectra. The more intense shift is
ascribed to Ce4+, which confirms an increase in Ce4+

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 CeO2 nanocrystallites increases (Fig. 3),
while their surface decreases, the ratio of
IUVSCe4+/IUVSCe3+ 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–1 and 3550–3400 cm–1, respectively. The
Al–O and Si–O bond bands of the kaolin framework
appear below 1200 cm–1. 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

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 (CeO2 and Ce2O3). The
transition from an ion Ce4+ with a smaller ionic radius
(0.92 Å) to an ion Ce3+ with a larger radius (1.034 Å)
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 Ce4+ atoms are restored to Ce3+ state
with the formation of an oxygen vacancy:

2 2-x 2

1
CeO CeO xO  (g),

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 Ce3+ and
Ce4+ 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

a                                                                                    b

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 Ce3+, Ce4+ and CeO2 on the content of cerium(IV)

oxide in nanocomposites

Fig. 7. IR spectra of nanocomposites and pristine kaolin
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components [9,10]:

3 4
2 2Ce H O Ce OH OH;   

   

2 2 2 2H O OH H O HO ; 
  

2 2HO H O ;   
 

4 3
2 2Ce O Ce O ;   

  

3 4
2 2Ce HO Ce HO ;   

  

4 3
2 2Ce HO Ce HO .   

  

During the recovery of superoxide by nanoceria,
hydrogen peroxide is formed and the Ce3+ ion is
oxidized to Ce4+. The formed Ce4+ ion is able to
react with the H2O2 molecule, while it is reduced to
the Ce3+ ion and H2O2 is oxidized to O2 [11]:

3 4
2 2 22Ce H O 2H 2H O 2Ce ;  

   

4 3
2 2Ce H O e Ce H HOO ;    

    

4 3
2Ce HOO e Ce O H ;    

    

4 3
2 2 22Ce H O 2Ce O 2H .  

   

A model of the mechanism of enzyme-like
activity of nano-sized CeO2 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 O2, 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 CeO2

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–1, 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 CeO2

with respect to the decomposition of Í2Î2 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–Î– groups on the surface of
nanoceria involved in the oxidation-reduction
reactions of hydrogen peroxide interaction with Ce4+

ions and Ce3+ by Garber and Weiss. The number of
protonated (CeOH2

+) and deprotonated (CeO–)
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 mol/g and
125 mol/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 Ce3+ compounds on the surface of
nanoceria. Thus, the solubility constant of Ñå(ÎÍ)3

at 250Ñ is 6.310–24 [15].
It was found that the catalytic activity of

cerium-containing materials (Kaf) 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 CeO2.



65

Êaolin/cerium oxide nanocomposites: properties and activity in hydrogen peroxide decomposition reaction

ISSN 0321-4095, Voprosy khimii i khimicheskoi tekhnologii, 2020, No. 3, pp. 59-68

Fig. 8. Dependence of the catalytic activity of materials (Kaf)

on the pH in the reaction of hydrogen peroxide decomposition

Fig. 9. Linear dependences of nanomaterial activity on the

content of ÑeO2

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
Ce4+/Ce3+ratio of 0.98. The activity of this sample is
3.8 times higher than that of commercial nanosized
CeO2 with 31 nm nanocrystallites and 1.2–1.4 times
higher than the remaining nanocomposites. The
activity of nanosized CeO2 in nanocomposites
decreases with an increase in both the size of the
nanocrystallites and the Ce4+/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 (Ea) of the reaction of
hydrogen peroxide decomposition by the
nanocomposites and pristine kaolin in the
temperature range of 20–400Ñ 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 IUVS Ce

4+/IUVS Ce
3+, which is a measure of

the surface defect of nanocrystals of CeO2 (Fig. 11).
Contrary to expectation, an increase in the size

of crystallites of nanosized CeO2 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 H2O2 decomposition reaction are
determined by the absolute content of the decorator

a                                                                                      b

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 Ce4+/Ce3+() and the CeO2 nanocrystallites size, nm () (b)
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or by the amount of Ce3+ 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 CeO2.

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 IUVS Ce

4+/IUVS Ce
3+ 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 CeO2. 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
20–400C 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 Ce3+

ions leads to an improvement in the catalytic ability
of nanomaterials.

REFERENCES

1. Exploring the properties and applications of nanoceria:

is there still plenty of room at the bottom? / Reed K., Cormack A.,

Kulkarni A., Mayton M., Sayle D., Klaessig F., Stadler B. //

Environ. Sci. Nano. – 2014. – Vol.1. – No. 5. – P.390-405.

2. Turkan I. ROS and RNS: key signaling molecules in

plants // J. Exp. Bot. – 2018. – Vol.69. – No. 14. – P.3313-

3315.

3. The enzyme-like catalytic activity of cerium oxide

nanoparticles and its dependency on Ce3+ surface area

concentration / Baldim V., Bedioui F., Mignet N., Margaill I.,

Fig. 11. Dependence of the activation energy of the decomposition reaction of hydrogen peroxide by nanocomposites of kaolin–

cerium oxide on the content of CeO2 (), crystallite size () and the ratio of IUVS Ce
4+/IUVS Ce

3+ ()



67

Êaolin/cerium oxide nanocomposites: properties and activity in hydrogen peroxide decomposition reaction

ISSN 0321-4095, Voprosy khimii i khimicheskoi tekhnologii, 2020, No. 3, pp. 59-68

Berret J.-F. // Nanoscale. – 2018. – Vol.10. – No. 15. – P.6971-

6980.

4. Nanoceria exhibit redox state-dependent catalase mimetic

activity / Pirmohamed T., Dowding J.M., Singh S., Wasserman B.,

Heckert E., Karakoti A.S., King J.E.S., Seal S., Self W.T. //

Chem. Commun. – 2010. – Vol.46. – No. 16. – P.2736-2738.

5. pH-responsive morphology-controlled redox behavior and

cellular uptake of nanoceria in fibrosarcoma / Mehmood R.,

Ariotti N., Yang J.L., Koshy P., Sorrell C.C. // ACS Biomater.

Sci. Eng. – 2018. – Vol. 4. – No. 3. – P.1064-1072.

6. Size- and defect-controlled anti-oxidant enzyme mimetic

and radical scavenging properties of cerium oxide nanoparticles /

Vinothkumar G., Arunkumar P., Mahesh A., Dhayalan A., Suresh

Babu K. // New J. Chem. – 2018. – Vol.42. – No. 23. – P.18810-

18823.

7. Lin K.S., Chowdhury S. Synthesis, characterization, and

application of 1-D cerium oxide nanomaterials: a review // Int.

J. Mol. Sci. – 2010. – Vol.11. – No. 9. – P.3226-3251.

8. Superoxide dismutase mimetic properties exhibited by

vacancy engineered ceria nanoparticles / Korsvik C., Patil S.,

Seal S., Self W.T. // Chem. Commun. – 2007. – P.1056-1058.

9. Nagiev T.M. Khimicheskoe sopryazhenie: sopryazhennye

reaktsii okisleniya perekis’yu vodoroda. – M.: Nauka, 1989. –

216 p.

10. Xu L.J., Wang J.L. Magnetic nanoscaled Fe3O4/CeO2

composite as an efficient Fenton-like heterogeneous catalyst for

degradation of 4-chlorophenol // Environ. Sci. Technol. – 2012.

– Vol.46. – No. 18. – P.10145-10153.

11. Ceria nanoparticles as enzyme mimetics / Wang G.,

Zhang J., He X., Zhang Z., Zhao Y. // Chin. J. Chem. – 2017.

– Vol.35. – No. 6. – P.791-800.

12. Morphology- and pH-dependent peroxidase mimetic

activity of nanoceria / Wei X., Li X., Feng Y., Yang S. // RSC

Adv. – 2018. – Vol.8. – No. 21. – P.11764-11770.

13. Catalytic activity of cerium-containing materials in

reaction of hydrogen peroxide decomposition / Dmytrenko T.Yu.,

Kulyk K.S., Voitko K.V., Bakalinska O.N., Borysenko N.V.,

Kartel M.T. // Khimiya, Fizyka ta Tekhnologiya Poverkhni. –

2014. – Vol.5. – No. 3. – P.317-324.

14. Vlasova N.N., Golovkova L.P., Stukalina N.G. Adsorption

of organic acids on a cerium dioxide surface // Colloid J. – 2015. –

Vol.77. – P.418-424.

15. Zhou X.D., Huebner W., Anderson H.U. Processing of

nanometer-scale CeO2 particles // Chem. Mater. – 2003. – Vol.15.

– No. 2. – P.378-382.

Received 20.02.2020

ÍÀÍÎÊÎÌÏÎÇÈÒÈ ÊÀÎË²Í/ÎÊÑÈÄ ÖÅÐ²Þ:
ÂËÀÑÒÈÂÎÑÒ² ÒÀ ÀÊÒÈÂÍ²ÑÒÜ Ó ÐÅÀÊÖ²¯
ÐÎÇÊËÀÄÀÍÍß ÏÅÐÎÊÑÈÄÓ ÂÎÄÍÞ

À.Ì. Ãðèíüêî, À.Â. Áðè÷êà, Î.Ì. Áàêàë³íñüêà,

Î.². Îðàíñüêa, Ì.Ò. Êàðòåëü

Ìåòîäîì îñàäæåííÿ ç âîäíèõ ðîç÷èí³â öåð³é í³òðàòó,
áåç ñòàá³ë³çàòîð³â, ïðè ê³ìíàòí³é òåìïåðàòóð³, ñèíòåçîâàíî
òà îõàðàêòåðèçîâàíî âëàñòèâîñò³ íèçêè íàíîìàòåð³àë³â íà îñ-
íîâ³ êàîë³íó, äåêîðîâàíèõ CeO2. Ê³ëüê³ñòü íàíåñåíîãî öåð³é îê-
ñèäó â íàíîìàòåð³àëàõ ñòàíîâèòü 2,76–7,37%, à ¿õ ðîçì³ð
âàð³þºòüñÿ â³ä 5,6 äî 10,4 íì. Ðåíòãåíîñòðóêòóðíèé àíàë³ç
çðàçê³â ïîêàçàâ, ùî öåð³é ä³îêñèä ìàº êóá³÷íó ñòðóêòóðó. Çà
²× ñïåêòðàìè âèõ³äíîãî êàîë³íó òà íàíîêîìïîçèò³â íå ìîæíà
âèÿâèòè õ³ì³÷íó âçàºìîä³þ ì³æ ìîäèô³êàòîðîì ³ ìàòðèöåþ
(óòâîðåííÿ õ³ì³÷íîãî çâ’ÿçêó). Ñï³ââ³äíîøåííÿ Ce4+/Ce3+ â íà-
íîêîìïîçèòàõ, îö³íåíå çà ÓÔ-ñïåêòðàìè äèôóçíîãî â³äáèòòÿ
âàð³þºòüñÿ ó ìåæàõ 0,98–2,88. Ðîçðàõóíêîì êîíñòàíòè àô-
ô³ííîñò³ ³ç ê³íåòè÷íèõ äàíèõ, ó ìåæàõ óÿâëåíü ïðî ïåðåá³ã åí-
çèìàòè÷íèõ ðåàêö³é, áóëî âèçíà÷åíî êàòàë³òè÷íó àêòèâí³ñòü
ñèíòåçîâàíèõ ìàòåð³àë³â òà êàîë³íó ó ìîäåëüí³é ðåàêö³¿ ðîçê-
ëàäàííÿ ïåðîêñèäó âîäíþ ó ³íòåðâàë³ ðÍ 8,5–10,5 òà ïîð³âíÿíî
³ç ôåðìåíòîì êàòàëàçà ³ êîìåðö³éíèì íàíîðîçì³ðíèì ÑåÎ2.
Ïîêàçàíî, ùî çàëåæí³ñòü àêòèâíîñò³ çðàçê³â â³ä ðÍ åêñòðå-
ìàëüíà ç ìàêñèìóìîì ïðè ðÍ 10,0. Âèçíà÷åíî åíåðã³þ àêòè-
âàö³¿ ðåàêö³¿ ðîçêëàäàííÿ ïåðîêñèäó âîäíþ äîñë³äæóâàíèìè íà-
íîêîìïîçèòàìè òà êàîë³íîì â ä³àïàçîí³ òåìïåðàòóð 20–400Ñ
ïðè ðÍ 10,0. Âñòàíîâëåíî ùî ïðè ñòàëîìó ðÍ ñåðåäîâèùà êà-
òàë³òè÷íà àêòèâí³ñòü íàíîêîìïîçèò³â çá³ëüøóºòüñÿ, à åíåð-
ã³ÿ àêòèâàö³¿ çìåíøóºòüñÿ ïðè çá³ëüøåíí³ âì³ñòó äåêîðàòîðà.
Àíàë³ç ôàêòîð³â, ùî âèçíà÷àþòü àêòèâí³ñòü íàíîðîçì³ðíîãî
öåð³é îêñèäó ó ñêëàä³ íàíîêîìïîçèò³â, ïîêàçóþòü, ùî çá³ëüøåííÿ
äèñïåðñíîñò³ íàíîêðèñòàë³ò³â òà â³äíîñíîãî âì³ñòó ³îí³â Ñå3+

íà ¿õ ïîâåðõí³ ïðèâîäèòü äî ïîêðàùåííÿ êàòàë³òè÷íî¿ çäàò-
íîñò³ íàíîìàòåð³àë³â.

Êëþ÷îâ³ ñëîâà: íàíîðîçì³ðíèé öåð³é îêñèä, êàîë³í,
íàíîêîìïîçèòè, êàòàë³òè÷íà àêòèâí³ñòü, åíåðã³ÿ àêòèâàö³¿,
ðîçêëàäàííÿ ïåðîêñèäó âîäíþ.



68

A.M. Grinko, A.V. Brichka, Î.Ì. Bakalinska, O.I. Oranska, Ì.Ò. Êàrtel

ISSN 0321-4095, Voprosy khimii i khimicheskoi tekhnologii, 2020, No. 3, pp. 59-68

ÊAOLIN/CERIUM OXIDE NANOCOMPOSITES:
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DECOMPOSITION REACTION

A.M. Grinko a, b, *, A.V. Brichka b, Î.Ì. Bakalinska b,

O.I. Oranska b, Ì.Ò. Êàrtel b

a National University of «Kyiv-Mohyla Academy», Kyiv, Ukraine
b Chuiko Institute of Surface Chemistry of the National Academy
of Sciences of Ukraine, Kyiv, Ukraine

* e-mail: alinagrinko2@gmail.com

A number of kaolin-based nanomaterials decorated with CeO2

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 Ce4+/Ce3+

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 CeO2. 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 200C to 400C 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 Ce3+ 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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