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2 Clarivate
Analytics

NAS RK is pleased to announce that News of NAS RK. Series of geology and technical
sciences scientific journal has been accepted for indexing in the Emerging Sources Citation
Index, a new edition of Web of Science. Content in this index is under consideration by
Clarivate Analytics to be accepted in the Science Citation Index Expanded, the Social
Sciences Citation Index, and the Arts & Humanities Citation Index. The quality and depth
of content Web of Science offers to researchers, authors, publishers, and institutions sets it
apart from other research databases. The inclusion of News of NAS RK. Series of geology
and technical sciences in the Emerging Sources Citation Index demonstrates our dedication
to providing the most relevant and influential content of geology and engineering sciences
to our community.

Kaszaxcman Pecnybnukacer ¥immuolx 2oiivim akademuscol « KP YA Xabapnapwr. ['eonocus
JICOHE MEXHUKANBIK RbLILIMOAD CepUsiColy &blibiMu dicypHanviubly Web of Science-min
arcayananean nycxacol Emerging Sources Citation Index-me unoexcmenyee KabulioanHeanwin
xabapaaiiovl. Byn unoexcmeny oapvicoinda Clarivate Analytics komnanuscol JHcypHAIOb
o0an api the Science Citation Index Expanded, the Social Sciences Citation Index scane the
Arts & Humanities Citation Index-xe kabuvinioay macenecin xapacmoipyoa. Webof Science
sepmmeywinep, agmopiap, 6acnawibliap MeH MeKemenepze KOHmeHnm mepenoici MeH
canacwin yeoinaowvl. KP YFA Xabapnapel. eonoeust scane mexHUKAIbIK 2bLIbIMOAP CEpUsicol
Emerging Sources Citation Index-xe enyi 0i30iy Koamoacmulx ywin ey 03eKmi dcone
6e0endi eeonocus JHcoHe MEXHUKATIBIK bLILIMOAP OOUbIHULA KOHMEHMKe A0an10blebiMbI30bl

6in0ipeoi.

HAH PK coobwaem, umo nayunvii scypuan «Mseecmuss HAH PK. Cepusa ceonocuu u
MeXHUYecKux Hayk» Ovlin npunsm 015 unoexkcuposanusi 6 Emerging Sources Citation Index,
obnosnennol sepcuu Web of Science. Codeporcanue 6 3mom uHOEKCUPOBAHUL HAXOOUMCS
6 cmaouu paccmompenusi komnanuei Clarivate Analytics 0as Oanvheuuie2o npuHAmMu
acypnana 6 the Science Citation Index Expanded, the Social Sciences Citation Index u
the Arts & Humanities Citation Index. Web of Science npednacaem xauecmeo u enyoumy
KOHmeHma O ucciedogamenell, asmopos, uzoameneii u yupedxcoeHull. Brmouenue
Uszeecmua HAH PK. Cepus ceonocuu u mexuuueckux Hayk ¢ Emerging Sources Citation
Index demoncmpupyem nauty npusepiHceHHOCHb K Hauboiee akmyaibHOMY U GIUAMETbHOMY
KOHMEHMY NO 2e0102UU U MeXHUYeCKUM HAYKAM 0I5l Haule2o coooujecmad.
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A.S. Churikov, 2024.
Belgorod State Technological University named after V.G. Shukhov, Belgorod,
Russia.
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THERMOMECHANICAL PROCESSING OF MINERAL RAW
MATERIALS TO PRODUCE La,_Sr Mn O, POWDER WITH
PEROVSKITE STRUCTURE

Sirota Vyacheslav Viktorovich — Ph.D. phys.- mat. Sciences, Belgorod State Technological
University named after V.G. Shukhov, Belgorod, Russia, E-mail: zmas35@mail.ru, ORCID: http://
orcid.org/0000-0003-4634-7109;

Zaitsev Sergei Viktorovich — Belgorod State Technological University named after V.G. Shukhov,
Belgorod, Russia, E-mail: sergey-za@mail.ru, ORCID: http://orcid.org/0000-0003-0122-1908;
Limarenko Mikhail Vital'evich — Belgorod State Technological University named after V.G.
Shukhov, Belgorod, Russia, e-mail: mclam@mail.ru, ORCID: http://orcid.org/0000-0001-6699-6910;
Prokhorenkov Dmitrii Stanislavovich — Belgorod State Technological University named after V.G.
Shukhov, Belgorod, Russia, E-mail: bstu-cvt-sem@yandex.ru, ORCID: http://orcid.org/0000-0002-
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Churikov Anton Sergeevich — Belgorod State Technological University named after V.G. Shukhov,
Belgorod, Russia, E-mail: churikov.toni@mail.ru, ORCID: http://orcid.org/0000-0002-1829-2676.

Abstract. The article is devoted to the detailed methods of processing mineral
raw materials based on their thermomechanical activation. In this work, from the
initial mineral raw materials by such processing a valuable product for various
industries is obtained - perovskite. Aims and objectives. The problem of obtaining
high-quality perovskites is the instability of quality and purity of the initial mineral
raw materials. The aim of this work is to develop the technology of obtaining La,_
Sr Mn O, powder with perovskite structure by solid-phase reaction. Methods -
La,0,, Mn,0,, SrCO, powders were used as initial components for sintering. The
optimum proportions of powders leading to the formation of perovskite structure
were determined. Mixing of the powders was carried out in a Fritsch Pulverisette
planetary mill. After mixing, microstructure, phase and chemical composition were
investigated for the obtained powder. Research results - In this work, the synthesis
modes of La,_Sr Mn O, compound with perovskite structure were determined by
high-temperature solid-phase reaction method based on the interaction of carbonates
with oxides. The parameters of thermomechanical processing of La,0,, Mn,0O,,
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SrCO, powders in a planetary mill were determined in the course of research. The
operating modes of this mill, providing obtaining of high-quality perovskite without
impurities, were determined. Conclusions - The dispersed powder La, Sr Mn O,
obtained in this work is suitable for the formation of high-emitting coatings in the
infrared range by high-temperature gas-dynamic methods. XRD analysis showed
the presence of La,_ Sr Mn O,, the only compound after solid-phase synthesis. SEM
analysis of the obtained La, Sr Mn O, powder confirmed the absence of initial
components and any other phase formations except for the synthesized compound.

Keywords: Perovskites, high-temperature solid-phase reaction, lanthanum-
strontium manganite.
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NEPOBCKUT KYPbLIBIMbBI BAP LA, SR MN, O,
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AHHOTanus. Makajia MHHEPaJIbl [IMKI3aTThl OJIAP/BIH TEPMOMEXaHUKAIIBIK
AKTUBTEHYiHE HETri3/Ie]reH OHJACYNIH erKel-Terkein ojicTepiHe apHaJFaH.
By skyMmbicTa OacTankbl MHHEPAJIbl INHKI3aTTaH OCHIHAANH OHICY AapKbLIbI
op Typisi cajanmap YIIiH KYHIbI ©HIM - TEPOBCKUT alblHAAbL. Maxcammapol
Mmen mindemmepi. YKorapbl camaiibl MEPOBCKUTTEP/l aly Moceneci OacTamkbl
MUHEpalbl MIMKI3aTThIH Carmachl MEH Ta3aJbIFbIHBIH TYPAKCBI3BIFBI  OOJBIIT
TaObUIAbI. BYJT )KYMBICTBIH MAKCATHI-KATThI (ha3alIbIK PEAKIHsI APKbLIbI IEPOBCKHUT
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KypbuibiMbl 0ap Lal-xSrxMnzO3 yHTaFblH amy TEeXHOJIOTHSCHIH Xacay. Qdicmep
— armioMmepanus yuiH O6acranksl komrnoHentrep Perinne La203, Mn304, SrCO3
YHTaKTapbl KOJAaHbULIBL. [IepOBCKUT KypbUIBIMBIHBIH Maiia OOMyblHA OKEJEeTiH
YHTaKTapblH OHTAMJIbI NPONOPLUSIIAPEl aHBIKTANAbL. ¥HTAaKTapAbl apajacThlpy
Fritsch Pulverisette nnmanerapiblk AMipMeHiHIE >KYprizinai. ApanacTelpyaaH
KeHiH alblHFaH YHTaKThIH MUKPOKYPBUIBIMBI, (ha3ajblK jKOHE XUMHUSUIBIK Kypambl
3eprrenti. 3epmmey Hamuoicenepi — Oy KYMBICTa IEPOBCKUT KypbuUTbIMbI bap Lal-
XxSrxMnzO3 KOCBUIBICBIHBIH CHHTE3 PEXUMAEPI KapOOHATTapIblH OKCHITEPMEH
OpeKeTTeCcyiHe HEri3JeJITeH >KOFapbl TeMIlepaTypaibl KaTTbl (a3ajblk peakuus
oziciMeH aHBIKTaJABbL. 3epTTey OapbiChlHAa IUaHeTapiblK auipmenzaeri La203,
Mn304, SrCO3 yHTaKTapblH TEPMOMEXaHUKAIIBIK OHJICY TapaMeTpIiepi aHbIKTAJIJIbL.
Byt nnipMeHHIH KOCTIachl3 JKOFaphl carajibl IEPOBCKUT alyAbl KAMTAaMAachl3 €TeTiH
KYMBIC PEXHMICP] aHBIKTANABL. KopbimulHObLIAp — OCHl KYMbICTA AJIBIHFaH
mucniepeti yHTak Lal-xSrxMnzO3 xorapbl Temmeparypajbl ra3-InHaMUKAJIbIK
ozicTepMeH MH(PAKBI3BUI TUANa30HIa JKOFaphl CIyJle HIBIFAPAThIH jKaObIHIApAbI
KaJBINTACTRIpy YLIiH jkapamabsl. XRD Tampgaybl KaTTel (asajiblK CHHTE3ICH
KeHiHri skanrbl3 Kocbuiblc Lal-xSrxMnzO3 Gap ekeHin kepcerti. Anbinran Lal-
xSrxMnzO3 yHTareiHblH SEM Tangaysl CHHTE3AENT€H KOCBUIBICTHI KOCIAFaH/a,
Oacramkbl KOMIIOHEHTTEPJIIH JXOHE Ke3 KelreH Oacka Qas3aiblK Ty3LTiMIepIiH
KOKTBIFbIH PACTaIBI.

Tyiiin ce3mep: IlepoBckuTTep, >KOFapbl TeMIEpaTypajbl KaTTbl (ha3aibIK
peaxuys, JaHTaH-CTPOHIMKA MaHTaHUTI.

B.B. Cupora, C.B. 3aiiues, M.B. Jlumapenko, /I.C. IIpoxopenkos,
A.C. YUypuxos, 2024.
benroponckuii rocyiapcTBeHHbIH TEXHOJIOTMUECKUN YHUBEPCUTET
nmenu B.I. [llyxosa, benropoa, Poccus.
E-mail: zmas35@mail.ru

TEPMOMEXAHNYECKAS NIEPEPABOTKA MUHEPAJIBHOT'O
CBIPBS VIS ITOJTYYEHUS ITIOPOLIKA La,_Sr Mn O, CO
CTPYKTYPOM IIEPOBCKHUTA

Cupora Bsyeciap BukTOpoBHY — KaHAMmaT (U3MKO-MaTeMaTHUECKWX HaykK, benropoxckmii
rOCyJapCTBEHHBIH TexHonmorndeckuii yausepcuter umenu B.I. lllyxoa, benropon, Poccus, E-mail:
zmas35@mail.ru, ORCID: http://orcid.org/0000-0003-4634-7109;

3aiineB Cepreii BukTopoBu4 — benroponckuii rocynapCcTBEeHHBIH TEXHOIOTHYSCKUA YHUBEPCUTET
nmenu B.I' IllyxoBa, benropon, Poccusi, E-mail: sergey-za@mail.ru, ORCID: http://orcid.org/0000-
0003-0122-1908;

Jlumapenko Muxauia BurtaaseBuu — benropoackuil rocyqapCTBEHHbBIH TEXHOJIOTMUECKUN
yauBepcutet umeHn B.I. Illyxosa, benropon, Poccus, e-mail: mclam@mail.ru, ORCID: http://orcid.
org/0000-0001-6699-6910;

[poxopenkoB JImurpuii CtanuciaaBoBu4 — belropoackuii TocyIapcTBEHHBI TEXHOIOTHYECKHIA
yauBepcuter umenn B.I. Illyxosa, Benropox, Poccus, E-mail: bstu-cvt-sem@yandex.ru, ORCID:
http://orcid.org/0000-0002-6455-8172;

157



NEWS of the National Academy of Sciences of the Republic of Kazakhstan

YypuxoB AHTOH CepreeBnd — benroponckuii rocy1apcTBEHHbIH TEXHOIOIMYECKHH YHUBEPCUTET
nvenn B.I. Ulyxosa, bemropon, Poccus, E-mail: churikov.toni@mail.ru, ORCID: http://orcid.
org/0000-0002-1829-2676.

Annotanusi. CraThs TOCBSIICHA JeTaqu3allMd METOIOB MepepaboTKu
MUHEPAJIBHOTO CBHIPhS OCHOBAaHHBIX Ha TEPMOMEXaHHYECKOH ero axkruBaunuu. B
JaHHOW paboTe W3 MCXOAHOTO MUHEPAIBHOTO CHIPbS IyTEM Takoi mepepaboTKu
MOJTy4aeTCsl LEHHBIH MPOAYKT I Pa3IUYHBIX OTpaciedl MpOMBIIIIEHHOCTH
— mepoBckuT. [lenu u 3adauu. IlpoGnemol MOMy4YeHUS] BBICOKOKAYECTBEHHBIX
MEPOBCKUTOB SIBISIETCSI HECTAOMJIBHOCTh KauecTBa M YHCTOTBHI HCXOAHOTO
MHUHEpaIBHOTO ChIphsl. Llenblo qanHol paboTHl sIBIsieTCs 0TpabOTKa TEXHOJIOTHU
nojiyvenus nopomka La SrMn O, co CTpyKTypOod TEPOBCKHTA METOAOM
TBepaodazHol peakuuu. Memoov: — B KaueCTBE HCXOJHBIX KOMIIOHEHTOB IS
crekanust ucnosb3oBanu nopomkd La,O,, Mn,O,, SrCO, beum onpenesnenst
ONTUMAJIbHBIE MPOIOPIMK TOPOIIKOB, MPUBOSIINE K 00pa30BaHUIO CTPYKTYPHI
nepoBckuTa. CMemrBaHUE MOPOIIKOB MPOBOAMIN B IUIAHETApPHOW MeENbHHULE
Fritsch Pulverisette. [Tocne cmemmBaHust 17151 TOJIyYE€HHOTO MOPOIIKA UCCIEI0BAIN
MHUKPOCTPYKTYPY, (Pa30Bblii 1 XUMUYECKHI COCTaB. Pe3yibmamsl uccie008anus —B
paboTe ompenesieHbl peKuMbl cuHTe3a coeuenus La, St Mn O, co cTpykrypoit
MEPOBCKUTAa  METOJOM  BBICOKOTEMIIEPAaTypHOW  TBepAOQasHOH  peakiuH,
OCHOBAaHHOH Ha B3aMMOJICHCTBUH KapOOHATOB C OKCHJIAaMH. B xoJe ncciemnoBanuit
ObUTM OmlpeneieHbl TapamMeTpbl TEPMOMEXaHMYECKOM O0O0paO0OTKH IMOPOIIKOB
La,0,, Mn,O,, SrCO, B nnanerapHoil menbuuie. OnpeneneHbl peKUuMbl paboThI
JaHHOW MEJIbHUIIBI, 00ECTICUNBAIOIINE MTOTYYCHHE KaueCTBEHHOTO MIEPOBCKHUTA Oe3
npumecei. Bbi600bl — IONy4eHHbIH B paboTe qucnepcHbiii mopomok La, St Mn O,
MPUTOICH Il POPMUPOBAHUS BHICOKOU3TYYAIOUINX MOKPHITUH B HHPPAaKpacHOM
Jrana3oHe BBICOKOTEMIIEPATyPHBIMU ra3oJJMHAMUYECKUMHU METO/IaMHU.
PentrenodazoBblii aHanM3 mMokazan HaJIAYKE LaOQSrOIMnO3 — E€IMHCTBEHHOIO
coeanHeHus ocie TBepaodasnoro cuaTe3a. POM-aHann3 morydyeHHOro MOpoIka
La ,Sr, MnO, noaTeepaui OTCyTCTBHE HUCXOMHBIX KOMIIOHEHTOB M KaKUX-IHOO
WHBIX (ha30BBIX 00pa30BaHUI KPOME CHHTE3UPOBAHHOTO COCAMHEHHS.

KioueBble ci10Ba: TEpPOBCKUTHI, BBICOKOTEMIIEpaTypHas TBeprodasHas
peaxiusi, MaHTaHWUT JIaHTaHA-CTPOHIIUS.

Introduction. Perovskite is a mineral containing rare earth metals such as
yttrium, strontium and others. These metals are important for the production of
various high-tech products such as plasma displays, gadolinium magnets, solar
cells, etc. (Kondratiev, 2022; Yatsenko, et al., 2022) Therefore, perovskite mining
plays a key role in the mining industry (Batukhtin, et al., 2019; Batukhtin, et al.,
2020; Kondratiev, 2022). With the increasing demand for such products, perovskite
mining is becoming more and more important to fulfil the needs of the industry
(Kondratiev, 2023). Due to its rare earth metal content, perovskite has high value
and high demand in the global market. In addition, perovskite mining contributes
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to the development of the mining industry and the creation of new jobs. Perovskite
mining is of great importance for the mining industry, as it provides the necessary
materials for the production of modern technological products and contributes to
the development of the economy (Galachieva, et al., 2023; Klyuev, 2024; Zharikov,
et al., 2022; Zhukov, et al., 2022).

Perovskites are obtained from ore in several stages. First, the ore is crushed and
pulverized (Kulikova, et al., 2024; Teplyakova, et al., 2022). The ore is crushed
into small pieces and then ground to a fine dust to increase the surface area for
further processing. After crushing, the ore undergoes a beneficiation process that
removes impurities and unwanted elements. The result is an ore concentrate. The
ore concentrate is treated with chemicals to extract the perovskite. This process
may include crushing, flotation, sorting and other methods (Evdokimov, et al.,
2024; Golik, et al., 2022; Golik, et al., 2023; Klyueyv, et al., 2023). After chemical
treatment, the perovskite is extracted from the mixture and purified to a high purity
product. The resulting perovskite may be subjected to additional processing and
recycling, such as for the production of solar cells or other technologies. Thus,
obtaining perovskites from ore requires a complex beneficiation and chemical
treatment process to extract and purify the desired product (Rikker, et al., 2022;
Vidayev, et al., 2014; Zverev, et al., 2016).

At the final stage of perovskite production from mineral raw materials, the
obtained powders containing metal oxides that are part of perovskite are mixed.
The powders are mixed in a certain ratio and subjected to heat treatment. As a result
of this process, a reaction between the powder components takes place, resulting in
the formation of the crystalline structure of perovskite. After cooling, the perovskite
powder is removed from the furnace and subjected to additional processing such
as grinding or particle size sorting. This process produces perovskite powder
with a high degree of purity and uniformity, making it ideal for use in a variety of
applications such as solar cells, catalysts and other technologies (Pashkov, et al.,
2014).

Perovskite powders are produced from their natural ores such as bastnesite,
monazite, and others. The composition of natural ores may vary and the resulting
powders may also contain varying amounts of impurities. As a result, after mixing
these initial powders, the quality of the obtained perovskite can vary greatly.
Therefore, it is extremely important to determine the modes of thermomechanical
treatment of the prepared mineral raw materials, which will allow to obtain
perovskite with the required properties.

The aim of the work is to obtain La ,Sr, MnO, powder with perovskite structure
by solid-phase reaction method. To achieve the goal, the following tasks were
solved in the work: calculation of stoichiometry of initial components, mixing and
firing of the obtained composition of materials, determination of microstructure,
phase and particle size distribution of the obtained powder.

Methods. La,0, (99.999% purity), Mn O, (99.99% purity), SrCO, (99.9%
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purity) powders were used as initial components for sintering. Before mixing the
components, the Mn203 powder was roasted in a corundum crucible in air at 1000
°C for 6 h to obtain the more active compound Mn304, where increasing the weight
fraction of manganese in the compound will increase the reactivity in solid phase
synthesis (Plotnikova, et al., 2016; Skeeba, et al., 2016). The following proportions
of starting components were calculated to obtain the compound La Sr, Mn O.:
La0O,, 64.17 weight %; SrCO,, 3.491 weight % (in terms of oxide); Mn,O,, 33.38
weight %. Mixing of La,O,, Mn,O,, SrCO, powders was carried out in a Fritsch
Pulverisette 6 planetary mill with an agate headset at a mass ratio of balls to mixture
of 2:1 at a speed of 200 rpm for 5 min, after which the obtained mixture was pressed
into a cylindrical sample with a diameter of 40 mm and a thickness of 10 mm. Firing
of the obtained tablet was carried out in air atmosphere at 1350+£50°C for § hours.
The sample was then re-milled, re-pressed and fired under the same conditions at
1350+50°C for 8 hours, after which the resulting sintered agglomerate was milled
to a powder size of less than 20 microns.

Standard modern methods of powder research were used to determine the
microstructure, phase and chemical compositions. Information on the equipment
used for the study is given in Table 1.

Table 1 — Equipment for studying the resulting powder

Study scope Instrument name Instrument brand
Phase composition X-ray Diffractometer ARL X’TRA
Microstructure Scanning electron microscope | Teskan Mira 3
Particle size distribution Laser particle size analyser ANALYSETTE 22 NanoTec plus

Research results. In the course of experimental work, mixing of mineral raw
materials in a planetary mill was carried out. When mixing La,O,, Mn,O,, SrCO,
powders in a planetary mill, a number of different thermomechanical processes
take place. The La,O,, Mn,O,, SrCO, powders will be mixed in the planetary mill
under mechanical forces. This will allow uniform distribution of components and
ensure homogeneity of the mixture composition. During the mechanical mixing of
the powders in the planetary mill, the powders are broken down and the particle
size is reduced. This can improve the reactivity of the components and promote
more uniform distribution of the particles in the mixture. Mechanical agitation
of powders in a planetary mill can help activate the surface of the particles,
increasing their surface energy and enhancing reactivity. When mixing La,O,,
Mn,O,, SrCO, powders in a planetary mill, initial formation of chemical bonds
between the components may occur. This may promote more efficient reaction of
the components during subsequent heat treatment. As a result of mechanical mixing
and chemical reactions a new structure La ,Sr, Mn O is formed.

Comparison of the obtained diffraction spectrum with the PDF-40-1100
diffraction map data confirmed that the obtained compound has a perovskite
structure. The determination of the space group P2/c (130) indicates the specific
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symmetry of the perovskite crystal lattice, which allows a more accurate description
of its structure. The absence of pronounced peaks corresponding to strontium (Sr)
and its carbonate (SrCO,) indicates that strontium atoms have been successfully
incorporated into the perovskite crystal lattice. The absence of additional peaks,
exceptthose correspondingtoLa,_ Sr Mn O, indicates a high degree ofhomogeneity
of the composition of the obtained powder.

The data obtained from the analysis of diffraction peaks confirm the successful
synthesis of La_Sr Mn O, compound with perovskite structure. The absence of
peaks corresponding to the initial components indicates the completeness of the
synthesis and successful introduction of strontium atoms into the crystal lattice.
This is important for further studies, since the structure and composition of the
material play a key role in its physical and chemical properties.

The diffractogram of the synthesised powder is shown in Figure 1.
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Fig. 1. X-ray diffraction pattern of the synthesized La ,Sr, MnO, powder
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The SEM images show a very high homogeneity of the structure of the
synthesised material. There are no visible inhomogeneities such as pores, cracks
or inclusions. The powder particles are uniformly distributed throughout the entire
volume, indicating the high quality of the synthesis process and the absence of
significant gradients. The presence of distinct facets on the particles confirms that
the milling process was efficient and resulted in the splitting of large particles. The
absence of agglomeration, i.e. sticking of particles, indicates that the grinding was
sufficiently intensive to prevent the formation of large aggregates. The combination
of efficient milling and lack of agglomeration indicates a high dispersibility of the
powder, which is an important factor for many applications.

SEM analysis did not reveal the presence of starting components, confirming the
completeness of the synthesis and the absence of residues of starting substances.
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The absence of phase formations other than the main phase confirms the high purity
of the obtained material. The results of scanning electron microscopy are shown in
Figure 2.

il v [ 25 MM 250 MKM

Fig. 2. Microstructure and particle size of La ,Sr; MnO, powder.

The particle size distribution of the obtained perovskite powder describes the
particle size distribution in it. The obtained data d(10)=2.33 um, d(50)=8.1 pm,
d(90)=16.79 pm allow us to characterise the particle size distribution in the powder.
In this case, 10% of particles are smaller than 2.33 um, 50% of particles are smaller
than 8.1 pm, and 90% of particles are smaller than 16.79 pm. The difference
between d(10), d(50) and d(90) indicates that the particle size distribution in the
powder is not uniform. The large difference between d(10) and d(90) (16.79 um -
2.33 um = 14.46 um) indicates that the powder contains particles of a wide range
of sizes, from very small (2.33 pm) to larger (16.79 um). The result of the particle
size distribution study is presented in Table 2.

Table 2 — Granulometric composition of the resulting powder La Sr, MnO,

Particle size distribution, pm
d(10) d(50) d(90)

Name, brand Production method

High-temperature solid-
Powder La,,Sr, MnO, h thesi 2,33 8,1 16,79
phase synthesis

Comparison of the obtained lanthanum-based perovskite powder with analogues
showed a number of its similar parameters and a number of differences. The obtained
lanthanum-based perovskite powder with the parameters d(10)=2.33 um; d(50)=8.1
um; d(90)=16.79 pm differs from other analogues in a number of characteristics,
but also has common features. The resulting powder is characterised by a wide
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range of particle sizes, from 2.33 um to 16.79 um. Many analogues of lanthanum-
based perovskites have a narrower range of particle sizes, e.g., d(10) = 4 pm,
d(50) = 6 um, d(90) = 8 um. This difference in particle size distribution can affect
material properties such as density, strength and reactivity. The obtained powder is
characterised by a high homogeneity of structure, which is a significant advantage.
Some lanthanum-based perovskite analogues may have a heterogeneous structure,
for example with the presence of agglomerates or pores. The high homogeneity of
the obtained powder improves its properties and increases its efficiency in various
applications.

The resulting powder is characterised by high purity, with no chemical impurities
of other elements. Some analogues of lanthanum-based perovskites may contain
impurities of other elements, which can negatively affect the properties of the
material. The high purity of the resulting powder ensures the predictability of its
properties and improves its efficiency. All lanthanum-based perovskites have the
same chemical composition, which makes them similar in their basic properties.
The only differences in properties are the presence of impurities and different
particle size distribution. A wide range of particle sizes in the resulting powder can
improve its reactivity and increase its efficiency in catalytic reactions (Galachieva,
et al., 2024; Sharipzyanova, et al., 2023). However, it can also deteriorate its
properties in ceramic materials, reducing their strength. The high homogeneity of
the obtained powder makes it more predictable in use and improves its properties
in various applications. The high purity of the obtained powder makes its properties
predictable and improves its performance in various applications.

The obtained lanthanum-based perovskite powder differs from its analogues in
its wide range of particle sizes, high homogeneity and purity. These differences can
influence the properties of the material and make it more suitable for applications
where increased reactivity (catalytic reactions) is required.

The resulting lanthanum-based perovskite has a structure similar to the mineral
perovskite (CaTiO,). It has unique properties that make it useful for a wide range
of applications. One of the main applications of the resulting lanthanum-based
perovskite is in electronics and photonics. This material has semiconducting
properties that allow it to be used in solar cells, LEDs, lasers and other electronic
devices. The obtained lanthanum-based perovskite can be used as a catalyst for
various chemical reactions. The obtained lanthanum-based perovskite can be used
as a material for energy storage and conversion. For example, it can be used in
supercapacitors, fuel cells and other devices for energy-efficient energy storage and
processing.

However, the above data showed that the best application of the obtained
perovskite is possible as a catalyst. Lanthanum-based perovskite (LaVOTJ) is an
effective catalyst for a wide range of chemical reactions due to its unique physical
and chemical properties.

Oxidation of alkenes and alkanes: La Sr, MnO,, is capable of catalysing
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oxidative reactions using oxygen or hydrogen peroxide as an oxidant. For example,
La Sr, MnO,, can be used to oxidise cyclohexene to adipic acid, which is an
important intermediate in the production of nylon.

Hydrogenation: LaSr, MnO,, can be used to catalyse the hydrogenation of
double bonds in organic compounds, yielding valuable products such as alkanes
and cycloalkanes.

Dehydrogenation: La ,Sr, MnO,, can be used to catalyse the dehydrogenation of
alcohols and aldehydes, for example, converting ethylbenzene into styrene, which
can be further used in the production of plastics.

Hydrogenation: La Sr, MnO,, can catalyse the hydrogenation of organic
compounds, for example by converting nitroxyls into amine.

In addition to the reactions listed above, lanthanum-based perovskite can be
applied to a wide range of other chemical processes due to its unique structure and
activity.

Conclusion. The paper presents the results of synthesis of La, Sr Mn O,
compound with perovskite structure by high-temperature solid-phase reaction
method based on the interaction of carbonates with oxides. The parameters of
thermomechanical processing of La,O,, Mn,O,, SrCO, powders in a planetary mill
have been determined. The operating modes of this mill, providing obtaining of
high-quality perovskite without impurities, have been determined.

The obtained dispersed powder La, Sr Mn O,, is suitable for the formation
of high-emitting coatings in the infrared range by high-temperature gas-dynamic
methods. XRD analysis showed the presence of La,_Sr Mn O, the only compound
after solid-phase synthesis. SEM analysis of the obtained La_Sr Mn O, powder
confirmed the absence of initial components and any other phase formations besides
the synthesised compound.

The obtained La, Sr Mn O, material with perovskite structure will be used
for further production of high-emitting coatings in the infrared range by high-
temperature gas-dynamic methods.
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