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Precursors for obtaining nanopowders of a perovskite-type complex oxide phase
LaLan:Yb3+ were synthesized by the heterogeneous deposition method. The factors influ-
encing the synthesis of precursors and the formation of the nanopowders derived from
them have been established. These factors include temperature and pH of the solution,
urea concentration, drying and thermal decomposition conditions. Adsorption and struc-
tural studies have shown that the synthesized precursors are mesoporous, nanodisperse
powders. Depending on the synthesis conditions, the specific surface area of the synthe-
sized precursors is 10 to 120 m2/g. At the synthesis temperature of 40 and 60°C with
10 vol. % urea content in the solution, the specific surface area of the synthesized
precursors is 14 to 9.7 m2/g with an average diameter of priority range mesopores of
5.8—-5.5 nm; at 80°C, the specific surface area of the precursor increases to 23.7 m?2/g,
and the average diameter of mesopores up to 6 nm. It has been established that the
synthesis temperature influences the formation of the precursor porous structure type,
e.g. powders with different types of porous structure: corpuscular or layered. It was found
that the amount of urea in the synthesis of the precursor affects only the general porosity
characteristics; the range of mesopore size distribution remains the same. The highest
porosity is observed during synthesis at a solution temperature of 80°C and urea content
of 20 vol. %. In order to obtain and study nanopowders of complex oxide phase
LaLan:Yb3+ with a perovskite type structure, the synthesized precursors were thermally
decomposed under nonisothermal conditions at a heating rate of 5 deg/min with gradual
cooling; as a result, nanodisperse, mesoporous powders were formed with a specific surface
area of 11-28 m?/g and an average mesoporous diameter of 11-21 nm with the main
phase of a perovskite-type structure in all samples.

Keywords: precursor, heterogeneous deposition, specific surface area, nanopowders,
perovskite, sorption isotherms.

@dopMyBaHHA HAHONOPOWIKIB ckiaagHol dasu LaLuO3:Yb3+ 31 CTPYKTYpPOIO THILy IEPOB-
cknry. O.B.IIlupoxos, O.B.Yydinosuy, T.P.Jlo6yHeysb, A.B.Pazyasa

MeTozoM reTepoOreHHOTO OCaKeHHS CUHTE30BAHO IPEKYPCOPHU AJSA OTPUMAHHSA HAHOIO-
POWIKiB cKJIagHOI oKcugHOl hasu Le‘;lLuO:,):Yb3+ TUIy IEPOBCKUTY. BeTaHoBIeHO hakTOpHU, AKi
BILIMBAIOTH HA CUHTE3 IIPEKYPCcOpPiB i (popMyBaHHA OTPUMAHUX 3 HUX HAHOMOPOMIKiB. o HUX
BifHOCATBCA TeMIlepatrypa Ta pH posumHy, KOHIIEHTpAallid CEUOBUHU, YMOBU CYIIKU Ta
TepMiUHOTO PO3KJaZy. ALCOPOIiHO-CTPYKTYPHI [HOCHifKEeHHS IMOKAasalu, IO CHHTEe30BaHi
IPEKYPCOPU € Me30IOPUCTUMU, HAHOAWCIIEPDCHUMU IOopomrKkamMu. B sajmeHOocTi Bim ymos
CUHTEe3y NIHUTOMa IMOBEPXHA OTPUMAHUX HOpPeKypcopiB craHoBuTh Big 10 mo 120 MZ/I‘. ITpu
remneparypi cunresy 40 i 60°C 3 10 06.% BMicTOM CEUOBMHHM y POSUMHI IHTOMA MOBEPXHS
CHHTE30BAHUX IIPEKYypPCcOpiB ckaazae Bix 14 mo 9,7 M2/r Ipu cepesHbBOMY AiamMeTpi mMe30mop
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npiopurerHoro giamnasony 5,3—5,5 um, a npu 80°C nuroma IIOBEPXHA IIPEKYPCOPY 3POCTAE 10
23,7 M2/r, a cepesniii aiamerp Mesomop i 4o 6 HM. BCTAaHOBJIEHO, IO TEMIIEPATYPA CHHTE3Y
BILIMBAa€ Ha (DOPMYBAHHS THUIY HOPHUCTOI CTPYKTYPH IIPEKYPCOPiB, B0KpeMa YTBOPIOIOTHCS
HOPOIIIKHY 13 Pi8HMM THUIIOM HOPHUCTOI CTPYKTYPH: KOPIYCKYJSPHOI uu IoIirapoBoi. BeraHos-
JIEHO, IO KiJbKiCTh CEUYOBMHH IIPU CHHTE3l IPEeKypcopy BILIMBAE TiJIbKM HA 3araJbHi xapak-
TEPUCTUKM IIOPHCTOCTI IPU OJHAKOBOMY HiamnasoHi poarmoxmisy me3omop 3a poamipamu. Haii-
0iJIbIlIa TIOPYBATICTH CIOCTEPITAETHLCA B Pe3yJbTaTi cUHTe3y 3 TeMmIieparyporo posuuny 80°C Ta
20 06. % BmicTom ceyoBuHU. [l OTPUMAHHSA Ta HOCJIJKEHHS HAHOIOPOIIKIB CKJIAIHOI OKCHUJ-
HOi (hasu LaLuOB:Yb3+ 31 CTPYKTYPOIO TUITY HEPOBCKUTY IIPOBOAWIN TEPMIUHUI PO3KJIAJ CUHTE-
30BaHUX NPEKYPCOPiB y Hei3oTepMiUHMX yMOBaxX HpPU HIIBHUIKOCTiI HArpiBy 5 rpaj/XB 3 IOCTYIIO-
BUM OXOJIOI}KEHHAM, BHACJIIZOK UOr'0 OTPMMAHO HAHOMUCIIEPCHi, ME3OIIOPUCTi MOPOIIKU 3 ITUTO-
Mo ToBepxHero 11-28 MZ/I‘ Ta cepefHiM giamerpoMm Mesomop 11-21 um i ocHoBHOIO (pasoro 3i
CTPYKTYPOIO TUITy IIEPOBCKUTY, K& YTBOPIOETHCA B YCiX 3pasKax.

MeTomoM TeTepoTeHHOTO OCAKAEHUS CUHTE3UPOBAHBI IIPEKYPCOPHI AJIdA HOJydYeHUs HaHO-
IIOPOIIKOB CJIOMKHOM OKCHUIHON (asnl LaLan:Yb3+ THUIIA [IEPOBCKUTA. ¥ CTAHOBJEHBI (PAKTO-
PBbI, BIUSAIONINE HA CUHTE3 IPEKypPCOPOB U (POPMUPOBAHUE [MOJYYEHHBIX U3 HUX HAHOIIOPOII-
koB. K Hum orHOcsitcs remmeparypa um pH pacrBopa, KOHIEHTpanusi MOYEBUHBI, yCIOBUS
CYLMIKA M TE€PMUYECKOro PasioKeHUs. AILCOPOIMOHHO-CTPYKTYPHBIE MCCJIEJLOBAHUS I10KA3a-
JIM, YTO CUHTE3WPOBAHHBIE IIPEKYPCOPHI SABJISIOTCS ME3OIOPUCTUMU, HAHOAUCIEPCHBIMU IIO-
pomkamu. B 3aBucumMocCTH OT ycioBuil cCuHTE3a yAeJIbHAS [IOBEPXHOCTD IOJYUEHHBIX IIPEKYyD-
copos cocraBiager or 10 go 120 m2/r. Ilpu temmeparype cunTesa 40 u 60°C ¢ 10 06. %
colepKaHUeM MOYEBUHBI B PACTBOPE y/eJbHAasd [MOBEPXHOCTh CUHTE3MPOBAHHBIX IIPEKYPCOPOB
cocraBister ot 14 g0 9,7 M2/r mpu cpegHeM IuaMeTpe Me3OIOp IPHOPHTETHOTO AUATIABOHA
5,3—5,5 um, a npu 80°C yuelbHas IIOBEPXHOCTh IpPEKypcopa Bospacraer zo 23,7 mM2/r, a
cpegHU quamMerp Me30mop — g0 6 HM. YCTAaHOBJIEHO, UTO TEMIIEPATYPa CUHTE3a BJIUSAET Ha
dopMupoOBaHUe THUIA IIOPUCTOM CTPYKTYPHI IPEKYPCOPOB, B YACTHOCTHA OOPA3YIOTCS IOPOIIKU
C PasHBIM THUIIOM MOPHUCTOM CTPYKTYPbI: KOPHYCKYJSPHON WMJM IIOCHOMHOI. YCTaHOBJEHO,
YTO KOJMYECTBO MOUYEBUHBI IIPY CHHTE3€ IIPEKypcopa BIUSET TOJIHKO Ha 00IIe XapaKTepuc-
THUKHU IIOPHUCTOCTU [PW OJUHAKOBOM [UAIla30HE PaCIIPejieseHusi Me30Iop o pasmepam. Hawm-
GoJibIllas MOPUCTOCTL HAOJIOZAeTCs B pe3yJjbTaTe CHUHTe3a ¢ TeMmeparypoil pacrsopa 80°C u
20 06. % comepkaHVEeM MOUYEBUHBI. [[JIsl IMOJYUYEHUS U UCCJIELOBAHUS HAHOIOPOIIKOB CJIOK-
HO# OKCUAHOM (haswl Le‘;lLuO:,):Yb3+ CO CTPYKTYPOI THUNA IIEPOBCKUTA IIPOBOJUJIN TEPMUUECKOE
PasJiolKeHNe CUHTEe3WPOBAHHBLIX IPEKYPCOPOB B HEM30TEPMUUECKUX YCJIOBUAX IPU CKOPOCTU
HarpeBa 5 rpaj/MUH C IOCTEIIEHHBIM OXJIAKAEHWEM, B Pe3yJbTaTe Uero MOoJy4eHO HAHOJUC-
[epCcHbIe, Me3OIOPHCTHE MOPOIIKY ¢ yAeJbHOH moBepxHocTbio 11-28 M2/r u cpegmum gua-
MeTpoM Mesomnop 11-21 HM u ocHOBHOII (Pasoil co CTPYKTypoil THUIIa IIEPOBCKUTA, KOTOpAad
oOpasyeTcs BO Bcex o0OpasIiax.

1. Introduction

The development of technologies for cre-
ating transparent functional ceramies is one
of the promising areas of modern materials
science [1-5]. In recent years, great practi-
cal interest has been shown in materials
based on cubic solid solutions of rare earth
elements (REE). Complex oxide phases
LnLn’O5 (Ln, Ln" = REE) with a perovskite-
type structure have not previously been re-
garded as optically transparent materials,
although it is known that they have a vari-
ety of electrical (high dielectric permeabil-
ity constant), magnetic and optical proper-
ties (anisotropic optics) [6, 7].

There are a number of general require-
ments for structural and morphological pa-
rameters of nanopowders that are important
for creating transparent ceramics: morpho-
logical stability, geometric shape, high ho-
mogeneity in size, low agglomeration, high
degree of crystallinity and phase composi-
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tion stability. The distinctive feature of the
technological process for  producing
nanopowders is the dependence of the struc-
tural-phase and granulometric state on the
synthesis method.

To date, a number of methods have been
applied for producing crystalline nanopow-
ders based on REE: mechanosynthesis [8-10];
gas-phase method (plasma chemical synthesis)
[11]; pyrolysis [10—-13]; methods of chemical
deposition from solutions [14-17]; hydrother-
mal method [18-20]; sol-gel method [20, 21].
Based on the analysis of literature data, it
was found that, in contrast to other meth-
ods, the method of chemical deposition fol-
lowed by heat treatment of the precursor to
transform it into the crystalline phase
makes it possible to obtain stable particles
with a narrow size distribution. By varying
the deposition parameters (type of precipita-
tor, synthesis temperature, pH wvalue, re-
agent concentration, order and speed of
their mixing) it allows us to control the
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phase and chemical composition of nanopow-
ders, their crystallinity, particle size and a
degree of agglomeration, as well as to achieve
a uniform distribution of ions in the solution.

Literature contains information only on
the synthesis of powders for producing iso-
tropic ceramics based on cubic solid solu-
tions of REE oxides. The synthesis of
(Lug 95EUg 05)203 by heterogeneous deposi-
tion from REE chlorides in ammonium bi-
carbonate is presented in [14]. The synthe-
sis of Er¥*:Lu,05 [15] and Yb3*:Lu,05 [16]
was performed by deposition from REE ni-
trates, and ammonium hydroxide was used
as a precipitator. The synthesis of transpar-
ent ceramics based on Nd3*:Lu,O; was car-
ried out by deposition from REE nitrates in
a mixture of solutions NH,OH + NH,HCO,.

Due to the lack of technologically devel-
oped precursors for the production of
nanopowders of complex oxide phases
LnLn’O3 (Ln, Ln" = REE) with a perovskite-
type structure, our attention was primarily
focused on the synthesis of precursors and
the identification of factors affecting both
the characteristics of the precursors and the
powders of complex oxide phases with a
perovskite-type structure derived from
them. In previous studies we have estab-
lished the area of thermodynamic stability
of a perovskite-type phase on the basis of
REE oxides state diagrams [22—-24].

2. Experimental

The aim of this work is to obtain
nanopowders of a complex oxide phase
LaLuO5; with a perovskite-type structure in
the La,O3-Lu,O5 system with addition of
Yb3* ions. These ions, due to their magnetic
moment, should facilitate the orientation of
the obtained nanoparticles in the magnetic
field to further produce transparent anisot-
ropic ceramics. For this, we used the ther-
mal decomposition of precursors synthesized
by heterogeneous precipitation of nitrate so-
lutions of a mixture of rare earth elements
La3* and Lu3* with 8 vol. % of the fluores-
cent additive Yb3*. As a precipitator, the
1 M ammonia solution with different per-
centage of urea was used. The obtained sedi-
ment of the precursor was separated by tri-
ple centrifugation with distilled water and a
single centrifugation in the presence of
ethyl alcohol, and dried at 120°C for 24 h.
Thermal decomposition of the synthesized
precursors was carried out by heating at a
rate of 5 deg/min to a temperature of 720—
840°C in air. The method of thermal decom-
position of unstable precursors is one of the
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means to obtain nano-disperse powders. As
a result of the removal of dissociation prod-
ucts, not only a strong framework is
formed, but also a labyrinth of pore space,
the parameters of which change during de-
composition. Therefore, to elaborate the
synthesis of nanopowders during thermal
decomposition of precursors, the porous
structure was studied.

The synthesized precursors and products
of their thermal decomposition were studied
by means of the adsorption-structural
method and X-ray diffraction (XRD).

The porous structure of the obtained
samples was studied by the adsorption-
structural static volumetric method on the
ASAP 2000M (Accelerated Surface Area and
Porosimetry System) designed to obtain iso-
therms of adsorption of gases: nitrogen,
argon, krypton and other non-aggressive
gases, with their subsequent calculation. A
DQ-1000 derivatograph was used for ther-
mogravimetric analysis. For phase composi-
tion analysis, X-ray patterns were obtained
on an X-ray diffractometer DRON-3M (CuKo-
radiation with a nickel filter).

The refinement of the precursor synthe-
sis procedure was carried out at a Ln3* con-
centration of 0.1 mol/]l in nitrates under
various conditions: temperature, urea con-
centration and pH of the solutions. The so-
lution temperature under the precipitation
of the mixture was changed in the range
from 40 to 80°C, the urea concentration was
from 5 to 20 vol. % while maintaining the
pH of the solution.

3. Results and discussion

The effect of the solution temperature on
the characteristics of synthesized precursors
was studied on the samples obtained at the
urea concentration of 10 vol. % . Structural
adsorption studies have shown that an in-
crease in the synthesis temperature from 40
to 80°C leads to the formation of precursors
with higher porosity, as evidenced by the
general characteristics of porosity: specific
surface area, total pores volume in the in-
vestigation range (0.3—-300 nm), volume and
surface of mesopores (Table).

Nitrogen sorption isotherms for the sam-
ples of synthesized precursors belong to
type IV isotherms according to the
Brunauer, Deming, Deming and Teller
(BDDT) classification, which characterizes
the samples as mesoporous bodies (Fig. 1)
[25]. The type of hysteresis loops on the
isotherms of samples obtained at 40 and
60°C, according to IUPAC classification,

Functional materials, 28, 2, 2021
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Table. General porosity characteristics of the synthesized samples

No Urea T, r, Vz BET BJH
concentration | solution |decomposition Sppr Dupr v, S, D,
vol. % °C °C sm8/g m?/g nm sm3/g m?/g nm
1 2 3 4 5 6 7 8 9 10
1 10 40 raw 0.0187 | 14.01 5.3 0.0175 |13.1583 5.3
2 10 60 raw 0.0153 | 9. 72 6.3 0.0132 | 9. 5900 5.5
3 10 80 raw 0.0500 | 23.70 8.4 0.0499 | 33.4176 6.0
4 5 80 raw 0.1530 | 107.138 5.7 0.1573 |140.1462| 4.5
5 5 80 200 0.1684 | 97.81 6.9 0.1849 [136.7447 5.4
6 5 80 720 0.0857 | 28.80 11.9 0.0864 | 39.8854 8.7
7 5 80 840 0.0650 | 16.20 16.1 0.0627 119.2282| 13.1
8 10 80 raw 0.0325 | 21.24 6.1 0.0312 | 24.3556 5.1
9 10 80 840 0.0676 | 11.78 22.9 0.0700 |13.4142| 20.9
10 20 80 raw 0.2458 | 121.55 8.1 0.2486 [173.7280| 5.7
11 20 80 720 0.1046 | 28.64 14.6 0.1026 |39.0989| 10.4
12 20 80 820 0.1078 | 31.91 13.5 0.1115 | 40.9191| 10.8
13 20 80 840 0.0973 | 27.09 14.4 0.1071 |37.6228 | 11.4
14 20 80 raw 0.0809 | 39.82 8.1 0.0817 | 55.5372 5.9
15 20 80 200 0.1036 | 48.38 8.6 0.1048 | 66.9297 6.3
16 20 80 840 0.0924 | 18.74 19.7 0.0962 | 22.1964| 17.3

where: Vz (sm3/g) — total pore volume of the method range 0.3—300 nm, Sper (m2/g) — specific
surface area calculated by the BET method (S.Brunauer, P.H.Emmett, E.Teller);

Vine (sm3/g), S e (m2/g) — total mesopores volume and surface, calculated from the E.P.Barrett,
L.S.Joyner, P.P.Halenda (BJH) theory; Dgp, (nm) — mean equivalent pore diameter, calculated

according to the BET and BJH theory.

most likely should be attributed to type HS3,
which is characteristic of materials with a
layered structure or consisting of plane-par-
allel particles (Fig. 1a) [26]. In addition, the
samples have similar structures, as evi-
denced by the differential size distributions
of mesopore volumes and surfaces (Fig. 1b,
c), as well as close values of the general
characteristics of porosity — specific surface
area (14-9.7 m2/g) and average diameter of
mesopores (5.3—-5.5 nm) (Table). Raising the
solution temperature up to 80°C during the
synthesis of precursors leads to a signifi-
cant increase in the values of their general
porosity characteristics (Table). Thus, the
specific surface area of the precursor in-
creases to 28.7 m2/g and the average
mesopore diameter to 6 nm. At the solution
temperature of 80°C, the samples with an
indistinet hysteresis loop type (most likely
H2) are formed, which is typical for corpus-
cular systems (Fig. 1la). So, at low solution
temperatures during the synthesis, practi-
cally non-porous precursors are formed,
which can be referred to the systems with a
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layered structure; but with an increase in the
temperature of the solution in the process of
synthesis, the porosity of the precursor in-
creases, and its type becomes indistinct, most
likely, the porous structure approaches the
structure of corpuscular systems.

By means of X-ray phase analysis, it was
established that the structure of powders of
the synthesized precursors is mainly amor-
phous. On the X-ray spectra of the obtained
precursor powders halos are observed in the
intervals of angles 20 = 25—-35° and 40-65°,
which indicates the amorphous nature of
the samples. In addition to the amorphous
phase, well-detectable lines characteristic of
lanthanum hydroxide and subtle lines of lu-
tetium hydroxide oxide are observed on the
X-ray spectrum of the sample 3 obtained at
a solution temperature of 80°C (Fig. 2).
Thus, an increase in the temperature of the
solution during the synthesis with a content
of 10 vol. % urea contributes to the forma-
tion of a crystalline component in the amor-
phous structure of precursors.
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The effect of urea percentage in the syn-
thesis of precursors for the production of
nanopowders of complex oxide phase
LaLuO3:Yb3+ with a perovskite-type struec-
ture was studied on the samples obtained at
the solution temperature of 80°C. According
to the results of adsorption-structural
analysis, regardless of the percentage of
urea in the solution at a synthesis tempera-
ture of 80°C, mesopores of the same range
with a priority size of 5—6 nm are formed
in the precursors. The highest porosity is
observed during the synthesis with 20 vol.
% urea content. Consequently, the amount
of urea during the synthesis of the precur-
sor does not affect the size distribution of
mesopores, but only affects their amount,
that is, the general characteristics of poros-
ity (Table). X-ray phase studies have shown
that the precursors obtained at a solution
temperature of 80°C and a percentage of
urea from 5 to 10 vol. % contain a compo-
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Fig. 1. Nitrogen sorption isotherms (a) and dif-
ferential size distributions of mesopore vol-
umes (b) and surfaces (c) in synthesized precur-
sors samples obtained at different solution tem-
peratures and 10 vol. % urea content.
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Fig. 2. X-ray patterns of precursor powders
synthesized in ammonia solution with 10 vol. %
urea content at temperature 40, 60 and 80°C.

nent of the crystal structure in addition to
the amorphous component (Fig. 3). On the
X-ray patterns of precursor samples synthe-
sized at a solution temperature of 80°C and
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Fig. 3. X-ray patterns of synthesized precur-

sor samples obtained at solution temperature

of 80°C, depending on the urea percentage

an urea percentage of 5 vol. %, there are
clear lines of LaCO30H; and at 10 vol. %
urea, the lines of lanthanum hydroxide are
observed. With a further increase in the per-
centage of urea (20 vol. %), the precursor
becomes amorphous. Therefore, an increase
in the temperature of the solution and an
increase in the urea percentage contribute
to the production of precursor powders,
mainly consisting of an amorphous phase.

To obtain and study nanopowders of com-
plex oxide phase LaLuO3:Yb3+ with a
perovskite-type structure, the thermal de-
composition of the synthesized precursors
was performed under nonisothermal condi-
tions at a heating rate of 5 deg/min with
gradual cooling. According to deriva-
tographic studies, the decomposition of the
synthesized precursors is completed at tem-
peratures of 790-900°C depending on the
conditions of their synthesis, i.e., phase
composition (amorphous or amorphous-crys-
talline), specific surface area and the prior-
ity mesopores size. Adsorption-structural
studies have shown that mnanodisperse,
mesoporous nanopowders with a specific
surface area SBET of 11-28 m2/g and an
average diameter D, , of 11-21 nm were ob-
tained. Nitrogen sorption isotherms related
to type IV isotherms according to the BDDT
classification characterize the samples as
mesoporous bodies (Table, Fig. 4). XRD
data showed phases mainly with a
perovskite-type structure (Fig. 5).

The type of hysteresis loops in the iso-
therms of the obtained samples, according
to the IUPAC classification, should prob-
ably be classified as type H1, which is typi-
cal for agglomerates or homogeneously
packed globules of similar size. In each
case, however, the type of the hysteresis
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loop in the nitrogen sorption isotherms of
the final products of termally decomposi-
tioned precursors has its own differences.
Thus, a clear type of hysteresis H1 is ob-
served only in the nitrogen sorption iso-
therms of sample 13, the precursor of which
was synthesized at a solution temperature
of 80°C and the urea concentration of
20 vol. %. If we trace the process of its
thermal decomposition from the synthesized
precursor to crystalline powder, we can ob-
serve the evolution of the porous structure
from the precursor (the hysteresis type of
its isotherm is close to the hysteresis loop
type H2) to the final product (hysteresis
loop type H1). It should be noted that the
porous structure of the intermediate and
final products of thermal decomposition
starting from the decomposition temperature
of 720°C practically similar. The general
characteristics of porosity, as well as volumes
and surface differential size distributions of
mesopores in the products of thermal decom-
position are also almost identical (Table).

The XRD patterns of the intermediate
products of termally decomposed amorphous
precursor show, except for a perovskite-type
phase formed in all samples, residues of the
amorphous phase; in some samples, also lan-
thanum hydroxide, lutetium oxide phases
are obsereved (Fig. 6). In addition, on the
X-ray pattern of sample 12, the flat shoul-
ders of perovskite lines at 20 = 26-35 deg
may indicate the presence of an additional
nanosize powder fraction (< 15 nm). Thus,
under these conditions, a mesoporous nano-
dispersed powder with a perovskite phase
and residual amorphous phase with a spe-
cific surface area of 29 m2/g and an aver-
age mesopore diameter of 11 nm was ob-
tained. The particle size calculated from the
specific surface area is about 25 nm (with a
density of 8.2 g/cm?3).

It should be noted that even a slight devia-
tion from the pH range during the precursor
synthesis can result in very different values
of the general porosity characteristics of the
precursor with practically the same mesopore
volume and surface distributions (Table, sam-
ples 10 and 14). Under the same conditions of
the thermal decomposition of the synthesized
precursor, a mesoporous nhanodisperse powder
with a specific surface area of 19 m2?/g and
an average mesopore diameter of 17 nm was
obtained. Its phase composition differs from
the previous sample only quantitatively: it
has a higher crystallinity, i.e. lower content
of the amorphous phase. The size of the
formed particles is about 40 nm, the crys-
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tallite size is 28 nm, and the lattice pa-
rameters are: a = 0.6010, b = 0.8365, ¢ =
0.5805 nm. Thus, the precursors with the
same sizes of mesopores but very different
values of general porosity characteristics re-
quire different conditions for the decompo-
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Fig. 4. Nitrogen sorption isotherms (a) and
differential size distributions of mesopore
volumes (b) and surfaces (c¢) in the final prod-
ucts of thermally decomposed precursors syn-
thesized at solution temperature of 80°C and
urea content of 5—20 vol. %

sition of the precursor for the formation of
the perovskite phase. It is likely that a
higher temperature or heating rate is re-
quired for complete thermal decomposition
of precursors with high general porosity char-
acteristics. In addition, the use of the precur-
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Fig. 5. X-ray patterns of the final products
of thermally decomposed precursors synthe-
sized at solution temperature of 80°C and
urea content of 5—20 vol. %.

sors of a complex oxide phase LaLuO3:Yb3+
with a perovskite-type structure for obtaining
nanopowders with a small specific surface area
and low porosity leads to almost single-phase
powders, but with a larger particle size, a
smaller specific surface area and larger aver-
age mesopores (for comparison, the lattice pa-
rameters in [27] a = 0.6023, b = 0.8380, ¢ =
0.5826 nm, p,y. = 8.175 g/cm?).

Thermal decomposition of the precursor
synthesized under the same conditions with
less urea concentration (10N vol. %), also
produces mesoporous nanodisperse powder,
but much coarser with a specific surface
area of 12 m2/g and an average mesopore
diameter of 21 nm with a well crystallized
perovskite phase and residues of an unde-
fined phase (Table, Figs. 5 sample 9). The
size of the synthesized particles is about
60 nm, the crystallite size is 48 nm and lat-
tice parameters are: a = 0.6011, b = 0.8370,
c = 0.5811 nm.

The application of the 5 vol. % urea so-
lution for the precursor synthesis and sub-
sequent thermal decomposition also results
in the formation of mesoporous nanodis-
perse powder with a specific surface area of
16 m2/g and an average mesopore diameter
of 13 nm. At 720°C, the perovskite phase is
mainly formed and the amorphous phase
residues are observed. A further increase in
temperature leads not only to the formation
of the perovskite phase but also to the for-
mation of impurities of the lanthanum hy-
droxide phase, possibly lutetium oxide and
an indeterminate phase (Table, Fig. 5 sam-
ple 7).
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Fig. 6. X-ray patterns of products of ther-
mally decomposed precursors synthesized at
solution temperature 80°C and urea content
20 vol. %

4. Conclusions

The factors influencing the synthesis of
the precursors and the formation of
nanopowders derived from them were estab-
lished in this paper. These factors include
temperature and pH of the solution, urea
concentration, drying and thermal decompo-
sition conditions.

Practically non-porous precursors are
formed at low synthesis temperatures of
40-60°C with 10 vol. % urea content in the
solutions; they can be classified as systems
with a layered porous structure. At a solu-
tion temperature of 80°C, the porosity in-
creases, and the porous structure, most
likely, approaches corpuscular-type systems.
An increase in the solution temperature
during the precursor synthesis leads to the
formation of more porous materials. The
amount of urea of 5-20 vol. % in the solu-
tion at a precursor synthesis temperature of
80°C affects only the general characteristics
of porosity and does not affect the size dis-
tribution of mesopores, which remains in
the same range with a priority size of 4.5—
6 nm. The highest values of the general po-
rosity characteristics of the obtained pre-
cursors are observed during the synthesis
with 20 vol. % wurea content and solution
temperature of 80°C. Depending on the syn-
thesis conditions, the precursors have
mainly amorphous or amorphous-crystalline
structure.

Due to thermal decomposition of the syn-
thesized precursors under nonisothermal
conditions, nanodisperse, mesoporous pow-
ders with a specific surface area of 11—
28 m?2/g, an average mesopore diameter of
11-21 nm and the main phase with a
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perovskite-type structure were obtained,
which is formed in all samples and has the
same unit cell volume, but a different crystal-
lite size. This indicates the formation of sam-
ples with different coordination number of
packing during perovskite crystallization.
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