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The synthesis of nanopowders is of significant importance in the development of new materials. The sol-gel method
is one of the simplest methods for the synthesis of unstable precursors, the thermal decomposition of which allows for
the production of nanodispersed powders. The objective of this study was to examine the thermal decomposition of a
precursor synthesized by the citrate method of polymer complexes, with the aim of obtaining nanopowders of
perovskite-type complex oxide phases in the La;O3-Lu;O3-Yb,0; system as one of the important stages in the creation
of materials with specified characteristics. The study of the thermal decomposition of the precursor revealed that the
destruction of the polymer matrix in the temperature range of 180-750 °C is accompanied by the formation of an
X-ray amorphous intermediate. Upon further heating to 800-820 °C, this intermediate crystallizes with negligible
decomposition (according to XRD) into perovskite of orthorhombic syngony with lattice parameters a = 0.6016 nm,
b =0.8390 nm, ¢ = 0.5821 nm and density yxa = 8.18 g/cm’, and capillary-slit pore structure, with a specific surface
area of 12-17 m%/g, which corresponds to a particle size of 4060 nm. The thermal decomposition of the precursor
occurs through the storage and formation of a non-rigid component of the pore structure of intermediate metastable
amorphous products before the formation of the perovskite phase in the La;O3-Lu>O3-Yb:0j3 system at the temperature
of 750 °C. The dependence of the general porosity characteristics of the studied samples on temperature during the
non-isothermal decomposition of the precursor synthesized by the citrate method is not monotonic, with inflection
points at 750 and 800 °C. At the temperature of 750 °C, the system undergoes a collapse, accompanied by a sharp
decrease in the volume and specific surface area of mesopores. This is concomitant with the disappearance of the non-
rigid component of the pore structure of intermediate amorphous products, as evidenced by a ledge on their nitrogen
sorption isotherms. This signifies the completion of the thermal decomposition of polymeric complexes and the
subsequent formation of perovskite-type complex oxide phases in the La;Oz-Lu:0s3-Yb:03 system by nucleation, self-
assembly, self-organization, and crystallization. An increase in the percentage of ytterbium dopant from I to 4 % does
not affect significantly the general characteristics of the porous structure of perovskite samples; however, it does result
in changes to their morphology. At the concentration of 4 % Yb>*, the perovskite structure consists of particles of
uniform morphology.

Keywords: precursors, Pechini (citrate) method, specific surface, nanopowders, LaLuQO;s perovskite, sorption
isotherms

INTRODUCTION electrochemical catalytic reactors [3—5] due to their
high ionic conductivity and low activation energy.
Additionally, LaLuOs-based materials are being
considered as replacements for silica (x =3.9) as
the primary gate dielectric owing to their high x
value (above 40) [6].

Lanthanum oxide-based materials are known
to hydrate when exposed to air, forming lanthanum
hydroxide structures. This transition can lead to
sample destruction, which is undesirable for
material fabrication. Previous studies [3, 7-9] have
investigated the stability of the ordered phase with
a perovskite-type structure of LalnO;, which

Materials with perovskite-type structures and
the general formula ABOs are a diverse class of
materials. In the 1960s, the authors [1,2] first
described compounds containing two different rare
earth elements LnLn'O; in their structure. Since
then, interest of scientific community in these
materials has grown due to their physical and
chemical properties. These compounds are suitable
as electrolytes for electrochemical devices, such as
solid oxide fuel cells (SOFCs), electrolyzers,
sensors, hydrogen separation membranes, and
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contains a significant number of La®* ions, in
aggressive environments. The chemical resistance
of materials with an ordered structure, such as
perovskite containing lanthanum, was confirmed
in terms of interaction with gas atmosphere
components in  studies of compositions
La;xMxYbOs5 (M = Ca, Sr, Ba; x=0, 0.05,0.1)
[3,9], LaooSro1YOs5 [7], LaoesCaposScOs.q, and
LapoSr01ScOs3., [8]. The chemical stability of
LaopoBao1YbOss was investigated in CO;
(pCO;=1latm) and H,O (20% H>0-Ar)
atmospheres at various temperatures (200, 400,
600, and 800 °C) for 24 hours [9]. The material
remained single-phase, as evidenced by the
absence of additional diffraction peaks in the XRD
data. Thus, it can be concluded that an ordered
phase LaMOs; with a perovskite-type structure
containing lanthanum ions can provide a
chemically stable phase without decomposition in
the presence of CO; and H,O.

In [10], the temperatures required for the
formation of an ordered structure, such as
LaLn'Os perovskite, depending on the Ln/Ln'
ratio, were determined. For instance, the
formation temperature of LaLuOs perovskite is
830 °C, whereas that of LaYbO; perovskite is
~880°C. Therefore, when creating a
LaLuOs:Yb®" material, an increase in the
concentration of Yb*" ions in the LaLuO; crystal
lattice is likely to increase the ordering
temperature of this phase from 830 to ~ 880 °C.

State diagrams of multicomponent systems
allow the selection of optimal compositions for the
creation of new materials [11-13]. Information
regarding the layout of the state diagrams of
multicomponent oxide systems can be used to
determine the concentration and temperature limits
for the existence of an ordered phase with a
perovskite-type structure. The phase equilibria in
the three-component La,03;-Lu,O3-Yb,O3 system
have been studied in [11, 12]. The authors have
found that in this system, along with the
isoconcentrate of 50 mol. % La,Os, a continuous
series of solid solutions is formed based on an
ordered phase with a perovskite-type structure,
which makes it possible to vary the amount of Yb**
dopant.

The synthesis method used to create the
nanopowders is essential for the creation of new
materials. The desired properties can be achieved
using different synthesis routes. The sol-gel
method is a simple approach for synthesizing
unstable precursors, which can then be thermally
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decomposed to produce nanodispersed powders.
This method offers several advantages over other
synthesis methods, including control over the
material size and surface properties, ease of
implementation, high quality, and production of
materials with a large surface area [14-16]. The
polymer complex method (citrate method) is one
of the most commonly used sol-gel methods. This
method involves the formation of chelate
complexes between alpha-hydroxy acids (citric
acid) and metal ions, which are then heated to
100-140 °C in the presence of multifunctional
alcohols (ethylene glycol). Low molecular weight
oligomers are created, which, upon further
heating through polycondensation, form a
polymer gel with evenly spaced metal atoms. The
thermal decomposition of this gel allows the
production of materials with a high degree of
homogeneity and dispersion. This is achieved
through careful control of the ratio of the

components, duration, and temperature of
polymerization.
This study examines the thermal

decomposition of a precursor synthesized using
the citrate method, which is a crucial step in
creating materials with specific characteristics.

MATERIALS AND METHOD

This study analyzed samples of non-
isothermal = decomposition = of  precursors
synthesized by the citrate (polymer gel) method.
These include intermediate samples obtained at
different decomposition temperatures and the
final LaLuO; perovskites doped with ytterbium.
The following reagents were used for precursor
synthesis: LayO3, Lu,Os;, and HNO; (puriss.
spec.), citric acid (p.a.), and NHsOH. These were
in the form of 0.5 M solutions of La(NOs); and
Lu(NO:3); and Yb(NOs3)3, 1 M citric acid solution,
and 25 % NH4OH solution. The nitrate solutions
were mixed with ethylene glycol and citric acid
solution at approximately 90 °C under intense
stirring. After a certain period of time, a 25 %
solution of NH4OH was gradually added and
stirring was continued while maintaining the
temperature for 15-20 minutes. The resulting
solutions were dried in an oven for 24 hours at a
temperature of 120-250 °C.

To study the evolution of the structure during
the formation of complex oxide phases, such as
perovskite, we used samples from the
intermediate and final thermal decomposition of
precursor S1 (1% Yb*"), dried at temperatures
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ranging from 120-250 °C. Precursor S4 (4 %
Yb*"), with an increased yttrium content and the
drying temperature of 120 °C, was used to study
the effect of yttrium content on the formation of
complex oxide phases, such as perovskite, by
non-isothermal decomposition at a constant rate.

The intermediate and final nanopowders of
complex oxide phases, such as perovskite, in the
LayO3-LuyO03-Yb2O3;  system, obtained by the
thermal decomposition of the precursor, were
studied using physicochemical methods, including
thermogravimetric analysis, X-ray diffraction
(XRD), adsorption-structural method, and electron
microscopy.

Thermogravimetric analysis was performed
using a DQ-1000 derivatograph. Powder diffraction
method was used to obtain the diffraction patterns of
the samples using a SmartLab SE multifunctional
laboratory X-ray diffractometer. The SmartLab
Studio II software package was used to process the
data and determine the phase composition and
structural characteristics of the samples. Infrared
spectra were studied using a FTIR spectrometer
FSM-1201 in the wavelength range of 4000-
400 cm'. To measure the samples, they were mixed
with KBr powder in a ratio of 1:300 milligrams and
the resulting mixture was pressed into transparent
tablets with a diameter of 13 mm. The porous
structure of the obtained samples was investigated
using the adsorption-structural static volumetric
method on an ASAP 2000M (Accelerated Surface
Area and Porosimetry System) instrument, which
was designed to obtain gas adsorption isotherms.
The isotherms are interpreted to calculate the total
pore volume (Vaum, cm’/g) and specific surface area
Sper m%/g using the BET method (BrunauerS.,
Emmett P.H., Teller E.), total volume (Vine, cm’/g)
and surface area (Sme, mz/g) of mesopores, total
volume (Vie, cm’/g) and surface area (Spe, m%/g) of
micropores and external surface area (Sexter, M*/g)
according to the t-method, as well as differential
distributions of mesopore volume and surface area
calculated according to the theory of Barrett E.P.,
Joyner L.S., Halenda P.P. (BJH). Nitrogen was used
as the sorbing gas. The measurement range of this
method is within the equivalent pore size range of
0.3 to 300 nm.

RESULTS AND DISCUSSION
Thermogravimetric analysis. The
temperatures for obtaining the intermediate

samples were selected based on the thermal
decomposition of the synthesis precursor Sl1.
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Based on derivatographic studies, the polymer
complex synthesized by the citrate method with
the citrate molecules of REE included in it
undergoes thermal decomposition in multiple
stages (Fig. 1). This process is accompanied by
endothermic effects up to 180 °C and exothermic
effects in the temperature range 180-675 °C.
These effects are associated with the drying and
destruction of the polymer matrix, leading to the
formation of an X-ray amorphous oxide or
carbonate precursor, or both at once. Primary
mass loss occurs during these stages, amounting
to approximately 27 %. At temperatures above
750 °C, another exothermic effect is observed,
accompanied by a slight mass loss. This may be
due to the destruction of the remnants of the
oxide-carbonate  precursor, ordering and
formation of perovskite phase grain nuclei, their
self-assembly and  self-organization, and
crystallization. Thus, to study the evolution of the
structure of nanopowders in the preparation of
complex oxide phases such as perovskite in the
La,03-Luy03-Yb,03; system, according to the
derivatographic data of the synthesized precursor
S1, the temperatures for obtaining intermediate
and final samples under non-isothermal
decomposition with a heating rate of 5 °C/min
were initially 250, 300, 400, 475, 575, 675, 700,
750, 800, and 825 °C.
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Fig. 1. Derivatographic studies of the non-isothermal

decomposition of the precursor synthesized
by the citrate method (synthesis S1)

Nanopowders in the La;O3;-Lu,Os3-Yb,03
system with a high ytterbium content were
obtained at the temperature of 825°C, as
determined by derivatographic studies of the
thermal decomposition of polymer complex S4
synthesized by the citrate method.
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Infrared spectroscopy. Infrared spectro-
scopic studies were conducted on the thermally

decomposed samples of the synthesized
precursors in the wavelength range of
4000450 cm'. The spectra of the initial

precursor sample (synthesis S1), obtained at a
temperature of 120-250 °C, showed a set of
absorption bands in the frequency range of v

820

T T T T T T
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Wavenumber ('cm'l)
a

Fig. 2.

synthesized by the citrate method: a — S1, b — S4

The thermal decomposition of precursor S1
under non-isothermal conditions up to 675 °C is
accompanied by a decrease in the intensity of the
absorption bands in the IR spectrum of carbonate
ions. Additionally, new absorption bands with
frequencies of approximately 470 and 503 cm™
appear. These changes indicate further
decomposition of the polymer complex and the
formation of amorphous nuclei for self-assembly
and self-organization of the LaLuOs perovskite
structure. As the temperature increases, the
intensity of the peaks increases and the absorption
band narrows, indicating the formation of a
LaLuOs; perovskite-type structure. Furthermore, a
decrease in carbonate ion absorption band
intensity is observed in the 675-820°C
temperature range (Fig. 2 a). However, weak
carbonate bands are also present in the samples
synthesized at 820 °C. Although Ilanthanide
oxides have a strong tendency to absorb water and
carbon dioxide, resulting in the observation of OH
and carbonate group absorption peaks in the
infrared spectra of these compounds [19], the
ordered phase with a perovskite-type structure
containing LaMOs3 lanthanum ions exhibits high
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~800-450 cm™', characterizing M-O vibrations,
where M =La, Lu (Fig. 2 a). In the frequency
range of v ~ 1110-845 cm™' the absorption bands
of valence C-O vibrations can be observed. The
absorption bands in the frequency range of v
~1600-1150 cm™" characterize the vibrations of
COQO™ carbonate ions in different coordination
(monodentate and bidentate) [17-20].
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Infrared spectra of samples from the non-isothermal decomposition at temperatures 250820 °C of precursors

chemical stability in the presence of CO, and
H,0. The weak carbonate bands present in the IR
spectra of the final samples are likely a result of
the extended processes of self-organization, self-
assembly, and the formation of perovskite-type
particles during thermal decomposition under
non-isothermal conditions. This leads to the
agglomeration of the synthesized product. It is
important to note that the IR spectroscopic studies
of the thermal decomposition samples of the
synthesized precursors under different conditions
of polymer complex synthesis are similar.
Therefore, the IR spectra of the thermal
decomposition samples of the synthesis
precursors S1 and S4 are identical (see Fig. 2 b).
XRD analysis. XRD studies were conducted
on the intermediate and final samples of non-
isothermal decomposition of precursor S1, which
was synthesized by the citrate method, to
investigate the structure formation of complex
oxide phases such as perovskite in the
LayO3-Lu,03-Yb,0; system (refer to Figs. 3 and 4).
The results showed that the structural evolution
process occurs mainly in two stages:
decomposition of the polymer complex formed
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during precursor synthesis and formation of the
perovskite phase. The X-ray-amorphous structure
of the intermediate samples of non-isothermal
decomposition remains up to a decomposition
temperature of 700 °C. The initial formation stage
of the perovskite phase commences at a
decomposition temperature of 750 °C, as
evidenced by the emergence of peaks that

correspond to the crystallographic planes (1 2 1)
and (2 0 2) of the LaLLuO; perovskite. Formation
process of the perovskite phase under these
conditions is completed at 820 °C. Table 1
presents the phase composition and structural
parameters of the intermediate and final samples
obtained from the non-isothermal decomposition
of precursor S1.

Table 1. Phase composition and structural parameters of the samples from non-isothermal decomposition of

precursor S1 with respect to temperature

Temperature Phase composition Crystallinity a b c V L Pxrd
°C phase wt.% % nm nm nm A3 nm__ g/cm?
300 amorphous 1.6
perovskite 98.4 94.7 0.6020  0.8398 0.5824 2945 59.7 8.16
820 perovskite 100 100 0.6016  0.8390 0.5821 293.8 63.7 8.18

a, b, ¢ — unit cell parameters; ' — unit cell volume; L — crystallite size; yxq— sample density calculated from X-ray

diffraction data
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Fig. 3. X-ray diffraction studies of the structural evolution of samples of the non-isothermal decomposition of
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Fig. 4. Diffraction patterns of the final thermal decomposition products at 800 °C. The inset shows an elevated

background at 800 °C compared to 820 °C

The increased content of ytterbium in the
precursor (synthesis S4), when perovskites are
obtained by thermal decomposition under non-
isothermal conditions at a rate of 5 °C/min, does

352

not significantly affect the structural parameters.
Thus, the lattice parameters of the samples vary
by ~ 0.15% that of S1.
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Adsorption-structural studies of the pore
structure evolution during thermal
decomposition. As the polymer complex

decomposes, its porous structure changes and, as
shown by the adsorption-structural method, the
appearance of hysteresis loops changes in the
nitrogen sorption isotherms obtained for the
samples studied. Thus, the nitrogen sorption
isotherms of the intermediate and final samples of
the non-isothermal decomposition of the
precursor synthesized by the citrate method to
obtain ytterbium-doped perovskite LaLuO;:Yb*"
belong to type IV isotherms according to the
Brunauer, Deming, Deming, and Teller (BDDT)
classification, which characterizes them as
mesoporous nanodispersed bodies (Fig. 5) [21].
According to the IUPAC classification, the
hysteresis loops in the isotherms of the samples
belong to the H3 type, indicating a slit-like pore
structure [22]. It should be noted that in the
structure of intermediate metastable products,
during decomposition, pores appear between
parallel layers of supramolecular structures that
are not rigidly bound to each other (“non-rigid
component of the structure” of the sample), which
has a characteristic type of hysteresis loops and is
recorded as a ledge on their nitrogen sorption
isotherms [23, 24]. This allows the temperature
range of its existence and degradation to be
determined. Its occurrence is due to the sequential
destruction of the initial coordination bonds of the
polymer complex during the detachment of H,O,
CO, CO3, and NO molecules and the formation of
new coordination bonds in the intermediate
metastable products. The precursor synthesized
under these conditions (S1 1% Yb*") has a
homogeneous pore structure with a non-rigid
component; approximately 30 % of the mesopore
surface is composed of pores with a size of
3.56 nm, which is typical for oxycarbonate phases
(Fig. 5) [25-27]. The thermal decomposition of
the synthesized precursor proceeds through the
formation of intermediate metastable products of
a layered structure with a non-rigid component up
to 750 °C, while its amount gradually decreases.
It should be noted that the dependence of the
general porosity characteristics of the samples
studied on the temperature during the non-
isothermal decomposition of the precursor
synthesized by the citrate method is not
monotonic, with points of intersection at 750 and
800 °C (Fig. 6). At the temperature of 750 °C, the
non-rigid component of the pore structure
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disappears, collapse of the system is observed, the
volume of mesopores and the specific surface area
decrease sharply, and differential curves of the
volume and surface area distribution of
mesopores by size indicate the formation of a
metastable intermediate product of homogeneous
porous structure with a mesopore size of
predominantly 4.41 nm. The disappearance of the
non-rigid component of the pore structure of the
amorphous intermediate products indicates the
end of the thermal decomposition of the
polymeric complexes synthesized by the citrate
method and the beginning of further nucleation,
assembly, and growth of nanodispersed particles
of complex oxide phases, such as perovskite, by
predominantly  self-assembly  and  self-
organization. Increasing the temperature to
820 °C during the non-isothermal decomposition
of the precursor obtained under these conditions
leads to the formation of nanodispersed
mesoporous powders with a capillary-slit pore
structure with a trimodal distribution of mesopore
sizes, and a specific surface area of 12—17 m*/g,
corresponding to a particle size of 40—60 nm.

Thus, the structure of the polymer complex
synthesized under these conditions (by the citrate
method) (synthesis S1) has a non-rigid
component of the pore structure, which is
preserved and formed in intermediate amorphous
products throughout the thermal decomposition,
until the system collapses at the temperature of
750 °C, and the formation of a perovskite-type
phase in the La,O3-Luy03-Yb,0;3 system begins.
A further increase in temperature to 820 °C leads
to the completion of formation of nanodispersed
mesoporous powders with a capillary layer pore
structure and a specific surface area of
12-17 m%/g, corresponding to a particle size of
40-60 nm.

It should be noted that the pore structure of
undoped LaL.uO; perovskite samples obtained by
thermal decomposition of precursors at the
temperature of 850 °C and prolonged dwell time
may consist of rigid lamellar particles or have a
layered expansion lattice. As shown by
adsorption-structural studies, the isotherm of the
undoped perovskite sample has a low-pressure
hysteresis loop type. This suggests that the
thermal decomposition of the precursor may
result in the formation of large agglomerates with
a highly defective surface, a layered structure, and
molecular entrances to the pores. The average
diameter of the resulting particles, as determined
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sorption isotherms of the obtained samples,
shifting to type IV, and leading to the removal of

low pressure hysteresis.

in the
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by the specific surface area of Sger, is 63 nm

(Fig. 7, Table 2). The incorporation of the doping
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Fig. 7. Nitrogen sorption isotherms and differential distributions of mesopore volumes and surface areas by size for

non-isothermal decomposition of undoped SO (LaLuO;) and doped S4 (LaLuOs:Yb*") precursor
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Table 2. General characteristics of the pore structure of the obtained samples of complex oxide phases, such as

perovskite in the La,O3-Lu,O3-Yb,0O3 system

BET BJH
Sample Temperature Ve Seer Dger particle desorption
VMe Sme Dav Me
°C cm’/g m?%/g nm cm’/g m?%/g nm
S0 0 % Yb3* 850 0.0233 11.60 63.1 0.0334 10.50 12.8
S11% Yb** 820 0.0248 12.55 583 0.0366 9.89 14.8
S44 % Yb** 825 0.0367 18.68 39.2 0.0605 14.15 17.1

When the percentage of the doping additive
ytterbium is increased from 1 to 4% (synthesis
S4), the type of isotherms of the obtained
perovskite samples and the type of hysteresis
loops remain unchanged and characterize them as
nanodispersed mesoporous layered structures.
The obtained samples also have a predominantly
bi- and trimodal differential distribution of
mesopore volumes and surfaces by size. Hence,
the differential mesopore size distributions of
perovskite samples obtained by the synthesis of
precursor S1 show at least three mesopore size
ranges with average equivalent diameters of 4,
16-17 and 34-45 nm with an average particle
diameter of 60 nm (Figure 6). Increasing the
percentage of ytterbium doping additive to 4%
(syntheses S1 and S4) has a significant effect on
the overall pore structure characteristics of the
perovskite samples (Figure 7, Table 2).

Thus, the sample has a slightly increased pore
volume and Sggr specific surface area, which
characterize a particle size of 39 nm. At the same

'48/nm

“37 nm

SEM HV: 10,0 kY
View field: 0.983 pm
SEM MAG: 183 kx

SEM HV: 10.0 KV
View fleld: 2.00 pm
SEM MAG: 94.8 kx

woi1samm | |
Dot:InBeam 200 nm

WD: 1.50 mm
Det: InBeam

time, the external specific surface area Sexter
calculated by the t-method has a higher value
compared to the powder with 1 % Yb*" of 4.7 and
6.1 m*/g respectively, which also indicates a
decrease in the particle size with increasing
ytterbium content. In addition, the differential
distribution of mesopore volumes and surfaces by
size is bimodal. The wide distribution of
mesopore volumes and surfaces by size indicates
the presence of agglomerates of similar sizes. This
is due to their morphology, which is confirmed by
the SEM images of the studied samples
(Figs. 8, 9). However, the image of the sample
with 4 % ytterbium shows slightly larger particle
sizes. They are also characterized by the
uniformity of particles with clear boundaries that
form a coral structure. The image with 1 %
ytterbium shows smaller particle sizes but
agglomerates forming a branched network
structure. Thus, increasing the ytterbium content
leads to the formation of nanostructured powders
with different morphologies.

._I_A_A_I_‘

SEM HV: 10,0 kY
View field: 15.0 pm
SEM MAG: 12.6 kx

woi1somm |
Dot InBosm

Fig. 8. SEM image of non-isothermal decomposition of precursor S1 after 820 °C
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SEM HV: 20,0 kY
View field: 5.00 pm
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Fig. 9. SEM image of non-isothermal decomposition of precursor S4 after 8§25 °C

CONCLUSIONS

The thermal decomposition of polymeric
complexes (precursors) synthesized by the citrate
method to obtain complex oxide phases, such as
perovskite, in the La;03-Luz03-Yb,03 system has
been studied. It has been found that the
destruction of the polymer matrix in the
temperature range of 180-750 °C is accompanied
by the formation of an X-ray amorphous
intermediate which, upon further heating to
800-820 °C, crystallises with  negligible
decomposition according to XRD into perovskite
of orthorhombic syngony with lattice parameters
a=0.6016 nm, b=0.8390 nm, ¢=0.5821 nm
and density yua=8.18 g/cm®, with a specific
surface area of 12-17 m%/g, corresponding to a
particle size of 40-60nm. The thermal
decomposition of the precursor proceeds through
the storage and formation of a non-rigid
component of the pore structure of the
intermediate metastable amorphous products
before the formation of the perovskite phase at the
temperature of 750 °C. The dependence of the
general porosity characteristics of the studied
samples on temperature during the non-
isothermal decomposition of the precursor
synthesized by the citrate method is not
monotonic, with intersections at 750 and 800 °C.
At 750 °C, the system collapses, the volume and
specific surface of the mesopores decrease
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sharply, and the non-rigid component of the pore
structure of the intermediate amorphous products
disappears, which is recorded as a ledge on their
nitrogen sorption isotherms, indicating the
completion of the thermal decomposition of
polymeric complexes synthesized by the citrate
method and the subsequent formation of complex
oxide phases such as perovskite by nucleation,
self-assembly, self-organization, and crystalli-
zation. Upon non-isothermal decomposition of
the precursors synthesized under these conditions,
the perovskite samples obtained have a
predominantly bi- or trimodal distribution of
mesopore sizes. At least three mesopore size
ranges with average equivalent diameters of 4,
16-17 and 34-45 nm with an average particle
diameter of 40-90 nm are observed in the
differential mesopore size distributions of the
perovskite samples, which is related to the
morphology of the samples. An increase in the
percentage of ytterbium doping additive from 1 to
4% does not significantly affects the general
characteristics of the porous structure of the
perovskite  samples and changes their
morphology. At 4% Yb®", the perovskite
structure consists of particles of the same shape.
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@opMyBaHHS CTPYKTYPH HAHOMOPOIUKIB CKIaAHUX okcuannx (a3 LaLuO3z:Yb* Tumy
NMEPOBCHKITY, OTPMMAHUX KOMIUIEKCOYTBOPIOIYUM HUTPATHUM MeToa0M Ileuini
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Tuemumym npobaem mamepianosnascmea im. 1. M. @panyesuna Hayionanvroi akademii nayx Yxpainu
eyn. Omenana Ilpiyaka, 3, Kuis, 03142, Yxpaina, shyrokovav@gmail.com
Hayionanvuuii mexuiunuii ynigepcumem Yxpainu «Kuiscokuii norimexuiunuil incmumym imeni leops Cikopcvkozco»
np-m Bepecmeiticoxuil, 37, Kuig, 03056, Ykpaina

Baoicnusy ponv npu cmeopenni nosux mamepianie gidiepac Mmemoo curmesy HAHONOPOUIKi6. 301b-2elb Memoo €
OOHUM i3 HaUNpocmiuux Mmemooieé CcuHmesy HeCMIUKUX NpeKypcopis, mepmiune pO3KIAOAHHA AKUX O0360AE
ompumysamu HaHoOucnepcHi nopowiku. Memoio pobomu 6y10 O00CTIONHCEHHA NpoYecy MepMiuHo20 pPO3KIAOAHHS
npeKypcopa, CUHMeE308aHO20 YUMPAMHUM MeMOOOM NONIMEPHUX KOMNIEKCI8, Olsl OMPUMAHHA HAHONOPOWKIE
CKAAOHUX OKCUOHUX a3 muny neposcokimy y cucmemi LarOs-Lu;Os-Yb:0; six 00niel 3 saxncaueux cmaoiil CmeopeHHs.
mamepianie 3 3a0anuMu xapaxmepucmuxamu. JJocnioncentss mepmiuHo2o pO3KIAOAHHs NPEKypcopa nOKA3aau, wo
DPVUHY8aHHS nonimepHoi mampuyi y Oianazoni memnepamyp 180-750 °C  cynposodoicyemvcs  ymeopeHHaM
DEHM2EeHOAMOPPHO20 NPOMINCHO20 NPOOYKMY, KUl npu nodarsuiomy Hazpiearnti 0o 800-820 °C kpucmanizyemocs 3
HEe3HAYHUM PO3KIA0AHHAM 32I0H0 PDA y neposcvkim opmopombiunoi cuneonii 3 nepiodamu rpamku a = 0.6016 um,
b =0.8390 um, ¢ = 0.5821 um ma 2ycmunoio yuq = 8.18 2/cm?, xaninapno-winunnoi noposoi 6y0oeu, 3 nuUmMoOMoIo
nosepxneio 12-17 m?*/2, wo eionosioac posmipy uacmumnox 40-60 um. Tepmiune poskiadanns npexypcopa
giobysacmuvca uepe3 30epicaHHA MA YMEOPEHHA HEHCOPCMKOI  CKAA0080i Noposoi OY008U  NPOMINCHUX
MemacmabitbHUX amop@HuX npooykmie 0o novamxy opmyeanns gaszu neposcokimy y cucmemi La;O3-Lu;03-Yb;03
npu 750 °C. 3anesxcHicms 3a2anvbHuxX Xapaxmepucmux nopucmocmi 00CRiONHCeHUX 3pasKie 6i0 memnepamypu npu
Hei30mepMIiuHOMY PO3KIAOAHHI CUHME308AHO20 YUMPAMHUM MENMOOOM NPEKYPCOpA MAE HEMOHOMOHHULL XapaKmep 3
mouxamu nepecuny npu 750 ma 800 °C. Ilpu 750 °C 6 cucmemi sunuxae xonanc, 06’em ma niowa RUmMomoi noeepxui
ME30N0p PI3KO 3MEHUIOMbCS, (4 3HUKHEHHS. HeNCOPCMKOI CKAA0080I noposoi Oy008u NpOMINCHUX AMOPEQHUX
npooyKkmis, wo Qikcyemvcs y eueisioi nieya Ha iXHix i3omepmax copoyii azomy, ceiouums npo 3aKiHYeHHs npoyecy
MepMIUHO20 PO3KIAOAHHS NOMIMEPHUX KOMNJIEKCI8 ma nooanbiie (OpMySanHsi CKAAOHUX OKCUOHUX a3 muny
neposcokimy y cucmemi LarO3-LusO3-Yb03 winaxom 3apoOKOYmMEOperHsl, CAMOCKIAOAHHA I camoopeaHizayii ma
kpucmanizayii. Iliosuwenna iocomky nezyiouoi 0obasku imep6iio 3 1 00 4 % icmomno ne 6nMIUBAE HA 3A2ANbHI
XApaKmepucmuky nopucmoi Cmpykmypu 3paskieé NeposcKumis, ane sminioe ixuio mopgonozio. Ilpu 4 % Yb3*
CMPYKMypa nepo8cuKimy CKIa0aemuvcs i3 YaCMUHOK 00HaKo80i hopmu.

Knirouosi cnosa: npexypcopu, memoo Ileuini (yumpammuuii), numoma noeepxHs, HAHONOPOWIKU, NEPOBCHKIM
LalLuQj3, isomepmu copoyii
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