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B 2016 romy ans pa3BUTUS W YAyYIIEHHS KadeCTBa >KU3HU Ka3axCTaHLEB ObLI
CO3JaH YacTHbIM bnarorBoputenbHblid GoHa «Xaiblky». 3a roibl CBOSH OesITeIbHOCTH
Ha peajHu3aluio OJaroTBOPUTENILHBIX NMPOEKTOB B 00JacTAX oOpa3oBaHMS M HAyKH,
COLMAJILHOM 3aIlUTBI, KYJABTYpPBI, 31IpaBooXpaHeHus u cnopra, Ponp Beaenna Oosee
45 MunnuapaoB TEHre.

Oco6oe BanManue birarorBoputenbHbIi GoHT «XabIK» ynenseT 00pa3oBaTeIbHbIM
IporpaMmam, C4uTas 3TO HallPaBJICHUE OJHUM W3 KIIIOUEBBIX B CBOEH JESATEIBHOCTH.
Oxas3biBasi MOAJIEPKKY OT€UECTBEHHOMY 00pa30oBaHuto, GOH/I BHOCUT CBOI OCHIIbHBIN
BKJIaJI B Pa3BUTHE KauecTBEHHOTo oOpa3oBanus B Kazaxcrane. Tem camMbiM ciocoOCTBYS
pOCTy uncIa JItoneH, ClIoCOOHBIX MEHSTh KU3Hb B CTPaHe K JIy4IlleMy —Ipo(ecCHOHAIOB
B pa3iMyHbIX cdepax, MOTCHUUAIBHBIX JIMACPOB M «BEJIUKUX YMOB». OnHOH U3
3HAUUMBIX HMHUIMATHB (oHJa «Xanblk» B oOpas3oBaresibHOW cdepe craim MpoeKT
Ozgeris powered by Halyk Fund — mepBblii B cTpane OuzHec-uHKYOaTop ISl yUaluxcs
9-11 xmaccoB, KOTOpBI MOMOTraeT pa3BUBAaTh HEOOXOAMMBIE B COBPEMEHHOM MHpE
MpeANpPUHUMATENILCKUE HaBbIKK. Tak, Ha comelCTBHE MajoMy OM3HECY IMIKOJbHHUKOB
66110 BhIIeneHo Oosee 200 rpanToB. J{iis moaiep KKy TaJaHTIIMBBIX 1 MOTHBHPOBAaHHBIX
nereit @OoHI HEOAHOKPATHO BBIACISUT TPaHThI HAa 00yueHue B MexIyHapOJHOH IIKOoJIe
«Mupacy» u B Astana IT University, a Taxke MOMOI Ka3axCTaHCKUM LIKOJbHHKAM
npuHATH yyactue B npectxHoM KoHKypce «USTEM Robotics» B CLLIA. ABropckue
pabotel B pamkax npoekra «Tamimrep», koropomy DoHI OKa3an HOAICPHKKY, JICIIIN B
OCHOBY Y4€OHOH MPOrpaMMbl, Y4€OHHKOB U Y4€OHO-METOANYECKUX KHHUT 10 IPEAMETY
«OcCHOBBI TIpeANpUHUMATENBCTBA U Ou3Heca», mpenogaBaemoro B 10-11 kmaccax
Ka3aXCTAaHCKMX ILIKOJ U KOJUIEIKEH.

[TomuMo mnomomM MIKOJIBHMKAM, ydallMMcs KoJulepke M cryaeHTaM DoHp
CUMTAET BAXXHBIM BHECTH CBOW BKJIAJ B IMOBBILICHHE KBAIM(QHUKAIWU IIE€AaroroB,
COBEpIIIEHCTBOBAHNE HUX 3HAHMH U HABBIKOB, IOCKOJIbBKY HMEHHO OHHU SIBJISIOTCS
[IPOBOAHUKAMH 3HAHUHM OyIyIIMX MOKOJeHHH KazaxcTaHueB. [Ipu mognepxkke donna
«XanplK» B IOKHOH cTONMie ObUI OpPraHW30BaH E€XKEroJHbIM TOPOACKONW KOHKYpC
nenaroroB «Almaty Digital Ustaz.

BaxHoll MHMLIMATUBOW CTall pealn3yeMblii MPOEKT 1O OOYYEeHHIO OCHOBaM
(MHAHCOBOM TPaMOTHOCTH Mpernoaasareield n3 BockMH obnacteidl Kazaxcrana, urto
JIOJDKHO OKa3aTh CYIIECTBEHHOE BIIMSIHUE Ha BOCIIMTaHUE (PMHAHCOBOW IPAMOTHOCTH H
MpEeIIPUHUMATEIBCKOTO MBIIIIJIEHHS Y HOBOTO TIOKOJIEHUSI TPaXAaH CTPaHBI.

Heob6xonumyro nmomois @oHx «Xanblk» OKa3blBaeT U TeM, KTO 0COOCHHO OCTPO
B Hell Hyxnaercs. B paMkax counanabHOM 3alllUThl HACEJIEHHsS aKTHUBHO NPOBOAUTCS
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paboTa 1o TOAJEPKKE NIETeH, OCTABIIMXCS 03 pOIUTENCH, JeTedl W B3POCIBIX U3
COLMAJIbHO YA3BUMBIX CJIOEB HACEJICHHUS, JIFOJEN C OTPAaHUYEHHBIMUA BO3MOKHOCTSIMHU, a
TaKKe 00€CIICUCHUIO HYK/IAIOIIMXCSI COLUATBHBIM KHIIIbEM, CTPOUTEILCTBY COIIHATBLHO
BaXKHBIX OOBEKTOB, TAKUX KaK JCTCKHE CaJbl, ACTCKHE TUIOIAIAKU U (PU3KYIBTYpPHO-
03JI0POBUTEJIbHBIE KOMITJIEKCHI.

B xommnky no0peix gen @onnma «Xanablk» MOXKHO JOOABUTh OKa3aHUE ITOMOIIH
JIETCKOMY CIIOPTY, Ky/ia OTHOCHTCS TIOJJICP’KKa B PA3BUTHU JIETCKOTO PyTOOJIA M Kapare
B Hame# crpaHe. JKU3HEHHO BaKHYIO TIOMOIL biaroTBopuTeNnbHbIN QOHT «XaIbIky»
OKa3all HalllUM COOTeUECTBEHHUKAM BO BpeMsi HenasHel nangemuun COVID-19. Torna,
B pasrap TsDKenod 0oprObl ¢ KopoHaBUpyCcHOH nHpeknuerd Doun Beiaenui cBbime 11
MUJUTMAPJIOB TEHTe Ha MPHOOpPETeHHE HEOOXOAMMOI0 MEIUIIMHCKOTO 00O0pYIOBaHUS
U JIOPOTOCTOSIIUX MEAMIMHCKUX IPEraparoB, aBTOMOOWIICH CKOPOM MEIMIIMHCKON
TIOMOUIH U CPENICTB 3aLIUThL, aAPECHYIO MAaTEPUAIbHYIO IOMOLIb COLIMAIBHO YSI3BUMBIM
CJIOSIM HACEJICHHUS U JICHE)KHBIC BBITUIATHI MEUIIMHCKUM PaOOTHUKAM.

B 2023 romy Hapsamy C IOpYyrUMU TpPOCKTaMH, HAlCJICHHBIMM Ha IMOBBIIICHUE
0JIaroCOCTOSIHUSL Ka3aXCTaHCKUX TpaxkaaH DOHJ penimi yneinuTb 0c000€ BHUMAaHHUE
HayKe, MOCKOJIbKY OHa SBJIICTCS YacThlO0 OOIIECTBEHHOW KYJIBTYPhI, a YPOBCHb €€
pa3BUTHS ONPEIENAET yPOBEHD Pa3BUTHUS TOCY1apCTBA.

I[onnepxkka @oHAOM BbIMycKa >XKypHajaoB HamuonanbHOM AxageMun Hayk
PecriyOnuku KazaxcraH, KOTOpbIe BXOAST B MeEXIyHapoiHble (OHABI Scopus u
Wos U B KOTOPBIX NYOJNUKYHOTCS CTaTbd OTEUECTBEHHBIX YYCHBIX, JIOKTOPAHTOB W
MaruCTPaHTOB, a TaK)KE HAYYHBIX COTPYJAHHUKOB BBICHIMX YYEOHBIX 3aBEJCHHUU W
HAy4HO-UCCIIEA0BATENIbCKUX MHCTUTYTOB HALLIEN CTPAHBI SIBJISECTCS HE MEHEE 3HAYMMBIM
BKu1ajioM DOH/Ia B pa3BUTHE Ka3aXCTAHCKOTO OOIIIEeCTBa.

C yBakeHunem,
BbaarorBopurebHblii ®oHa «XaabIK»!
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Abstract. This article shows the synthesis and physicochemical nature of the
polycrystalline nanocomposite material FeMnO,-Ho,Fe O,,. The sol-gel (Pechini)
method was used as a synthesis method. The structure and structure of the synthesized
perovskite-garnet structural nanomaterial was determined by X-ray phase analysis
(XRD). According to the analysis indicators, it was found that the polycrystalline
double-phase, perovskite-garnet and syngonic types are cubic. The analysis of the
microstructure of the nanocomposite and the quantitative composition of the contained
elements on the equipment of a scanning electron microscope (SEM) was carried out.
According to the data obtained from the SEM results, the elemental composition and
average nanosize of the nanomaterial were confirmed, and it was also determined that
manganite — 2.3 um and ferrite — 0.34 um.

Keywords: perovskite, garnet, X-ray, double phase, polycrystal
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AnHoTtauus. byn makanana FeMnO3-Ho3FeSO12 MOJTMKPHUCTAIIBI HAHOKOMITO3UTTI
MaTepUaNbIHBIH CHHTE31 KoHe (M3UKa-XMMUSUIBIK CHIaThl kKepcerireH. CHHTE3Aey
onic petine 30ib-renb ([leurnn) omici Koamanbuiabl. CHHTE31CITEH IEPOBCKUT-TPAHAT
KYPBUTBIMIBI HAHOMATEPHAIJIIH KYPBUIBICHI MEH KYPBUIBIMBI PEHTIeH (hazaibIK Tauaay
(PODT) omicimen anbikTanpl. Tanmay kKepceTKimTepi OOHBIHINA MOTUKPUCTATIBIMBI3 KOC
(azanbl, EPOBCKUT TIEH TPaHAT KYPBUIBIM/IbI, dKOHE CHHTOHUS THUII KyOTHI €KeHIITi
aHBIKTAIbl. HAaHOKOMITO3UTTIH MUKPOKYPBUIBIMBI MEH KYPaMBIHAAFBI AJIEMEHTTEP/IiH
CaHJIBIK KYpaMbIHa CKaHepJIEYIIIi AMEeKTPOH Il MUKpockoriTa (COM) Tanaay sKypri3iiii.
COM KOHJIBIPFBICBIHAH aJIBIHFaH MAJIIMETTEp OOHBIHIIIA HAHOMATEPHAIIBIH AIEMEHTTIK
KypaMbl KoHE OopTallia HaHoeJIeM/epi MaHraHuTiHIK] 2.3 um xoHe deppuriniki 0,34
UM €KEH/IIT aHBIKTAJIJIbI.
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AHHoTanus. B 3Toii cTarbe ONUChIBACTCS CUHTE3 U (PU3UKO-XUMHUCSCKUN XapaKTep
HOJIMKPUCTAIIINYECKOr0 HAHOKOMIO3uTHOTrO Marepuana FeMnO,-Ho,Fe O, . Bkauectse
METOJla CHHTE3a UCIOoJb30Bajcs Meton 3oisa-rens ([leunnn). CTpoeHue U CTPyKTypa
CHUHTE3UPOBAHHOTO  IE€POBCKUTHO-TPAHATOBOIO  CTPYKTYpHOTO  HaHOMarepuasa
orpezensuii MetofoM pertreHodasnoro ananuza (POT). [lo mokaszarensim aHanmza
YCTaHOBJICHO, YTO MOJUKPUCTAIUINYECKHI ABYyX(a3HbIH, EPOBCKUTHO-TPAHATOBBIN H
KyOudecknil TMn cuHroHuu. [IpoBefieH aHaIM3 MUKPOCTPYKTYphl HAHOKOMIIO3HTA H
KOJJMYECTBEHHOT'O COCTABA COIEPIKAIUXCSI DIIEMEHTOB Ha 000PY/I0BaHHE CKAHUPYIOILIETO
asteKTpoHHOro Mukpockona (COM). [To maHHBIM, MONMYy4YeHHBIM 110 pe3yasratam COM,
MTOJTBEPKACHBI 3JIEMEHTHBIA COCTAaB M CPEIHNI HaHOpa3Mep HaHOMarepuasa, a TaKkkKe
OIpEJICIICHO CojiepiKaHne Manranura — 2,3 um u ¢peppura — 0,34 um.

KiroueBble cj10Ba: IIEPOBCKUT, IpaHaT, X-ray, JIBoiHas (a3a, MoJTUKPUCTAILI

Introduction

The synthesis of inorganic nanoparticles is of high interest in basic and technical
sciences due to their size and shape, physical properties and various applications
(Acharyya, 2014) (Li, 2022). Nanomaterials are used in the manufacture of many
high-quality devices. Researchers study the functions of nanomaterials due to their
superior structural characteristics and superior electrical (Tamilalagan E., 2021) and
magnetic properties including light emitting devices, solar cells, sensors (Magar,
2023), catalysts (Mohsin, 2023) (Bhinge, 2023) microwave absorbers, transistors,
magnetic resonance imaging and pigments (Patrinhiyan, 2021) (Kokulnathan, 2022)
(Kasenov, 2022). In particular, nanomaterials based on perovskite are of considerable
interest in electrochemical sensing due to increased catalytic activity (Junita, 2023),
different oxygen content, electrically active structures, chemical and thermal stability,
mobility of oxide ions, high electronic and ionic conductivity (Sriram, 2021). The
progress of perovskites as a sensory material for the detection of versatile analyses
from the perspective of psychological and pedagogical safety is very important (Suvina,
2020). Much attention in the development of perovskites is paid to the presence of
the environmentally benign nature of ABOs-based variable elements, the abundance of
electrochemical properties, the availability of cost, low toxicity and high earth content
(Gu, 2020) (Suvina V. K. T., 2020) (Amalraj, 2021). Despite the above advantages,
it mainly suffers from insufficient electrical conductivity (Karuppiah C. T. B., 2021)
(Karuppiah, 2021). However, the coexistence of Fe and Mn cations in the same crystal
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structure resulted in multiple valence, resulting in a synergistic effect that increased
electrical conductivity and electrochemical surface area (Shad, 2022) (Sherlin, 2022).

Rare earth garnets have the chemical formula {A3}[B2](B3)O12, cubic structure
and space group Ia3d (230). {A3} - rare earth cation located in dodecahedral positions
24c, [B2] and (B3) - transition metal cations located in octahedral positions 16a and
tetrahedral positions 24d, respectively (Opuchovic, 2017) (Sadhana, 2015). Rare
earth (R) ferrite garnets (RIG), R3Fe5012 are systems illustrating Neil's theory of
ferrimagnetism (Smart, 1955). In particular, garnet systems with magnetic rare earth
ions such as Tb, Dy and Ho have three magnetic internal lattices, which often results in
a very interesting temperature magnetization phenomenon known as Tcomp (Ghanathe,
2021). Due to its structural conformation, garnet-type ceramics have magnetic properties
that allow them to be used in passive microwave components and magnetic carriers
such as insulators, circulators, phase shifters and miniature antennas operating in a wide
frequency range (1-100 GHz) (Rivera, 2023). Due to the holmium doping effect, which
disrupts the neutralization of the Fe-Fe interaction, as a result of which the magnetic
moments decrease. The transfer effects of holmium on the conductivity property and
the reason why the B-H hysteresis line is clearly visible indicate that the dominant
magnetization process (spin rotation and bright region wall motion) is interrupted by
the presence of the rare earth element and decreases the saturation permeability and
magnetization values (Hapishah, 2019). This suggests that obtaining a new two-phase
polycrystal with these properties is of great importance.

Materials and methods of research

The following reagents were used: manganous nitrate (II) (Mn(NO,),*xH,0O, Buchs,
Switzerland); Iron (III) nitric acid 9-aqueous crystallohydrate, part TU 6-09-02-553-96
(Merck Life Sciences LLC, Russian Federation); holmium oxide (III), 99.99 % (GOO-
1TU 48-4-192-72, Russia)

The following measuring instruments and methods were used: pre-used laboratory
agate mortar, Brazilian agate (diameter - 13 cm (130 mm)). To determine the phase
composition, an X-ray phase method (MINIFLEX 600 Rigaku) and a scanning electron
microscope (TM4000Plus) were used.

The experimental part

The two-phase nanomaterial FeMnO3-Ho3Fe5012 was synthesized by the sol-
gel (Pechini) method. Manganous and iron nitrates were doped with holmium oxide
(holmium content in the resulting product is 1 %). Metal nitrates were calculated in
stoichiometric ratio. Metal nitrates were calculated in stoichiometric relationship.
It was also reacted in the presence of citric acid and ethylene glycol (a gel-forming
agent). The resulting gel was processed at a temperature of 120°C for 12 hours, and the
porous product was repeatedly crushed and fired at a temperature of 600—1300°C for 6
hours. As a result, a two-phase perovskite-garnet nanocomposite was synthesized. The
elemental composition and crystal structure of the resulting complex oxide compound
were determined by SEM and XRF methods.

discussion and results

The structure of the obtained perovskite-garnet nanomanganite was analyzed and its
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phase composition was determined by the X-ray phase method. X-ray phase analysis of
powdered polycrystalline samples was performed at ambient temperature on a desktop
X-ray diffractometer Rigaku Miniflex 600 (Japan).

Earlier, the authors (Mataev, 2017) synthesized single-phase compounds of the
BiMe,"Fe O , structure, but in this work, a nanocomposite of two-phase holmium garnet
ferrite and perovskite iron manganite in a two-phase state was synthesized.

Meas. data:FeMnO3+Ho1%
Calc. data:FeMnO3+Ho1%
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Figure 1. Diffraction pattern of the FeMnO,-Ho,Fe O, composite polycrystal

Based on the X-ray phase analysis, the main phase of the nanocomposite is FeMnO,.
The content of holmium in the lattice did not exceed 1 % (Table 1). The parameters a
and c of the crystal lattice were 9.41 A and 12.32 A.

Table 1. Results of numerical analysis of the crystal lattice

Ne | Name of compound | Types of syngony [a, A |b,A |[c, A vV Az Space group

9.

1 |FeMnO, cubic 9.41 [9.41 |9.41 834.21 |16 la-3 (206)
Ho,Fe,0 cubic 12.32 [12.32{12.32 |1868 |8 la-3d (230)

Table 1 shows the data obtained by the method of X-ray phase analysis,
and according to the results of the analysis, that a binary phase with a cubic
crystalline structure. Cubic with a space group for the FeMnO,-la-3 phase
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Figure 2. (a, b). polycrystal dimensions at 10 um

According to the data in Figure 2, it was found that the synthesized Ho,Fe O, , garnet
has a structural crystal size from 225 to 595 nm, and the FeMnO, perovskite has a
micro-structural phase size of 1.14-6.92 um.

SEM 0|

Hod@FeMnO3
SEM MAG: 5000x H¥: 20KV WD: 7.6 mm
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a b
Figure 3 (a, b). Elemental composition of the binary phase FeMnO,-Ho,Fe O,

According to scanning electron microscope data, mass measurements of elements
in a two-phase nanomaterial prove that the elemental composition map coincides with
theoretical data.

Conclusion

The analysis of phase structure and element composition of the produced two-phase
nanomaterial was conducted. According to the results of the analysis, the crystallographic
results proved that the syngonium types of two-phase polycrystals are cubic. With the
number of formula units of iron manganite (Z) equal to 16, it was determined that the
shape parameters of the cubic unit cell are a, b, ¢ = 9.41 A, and the garnet-shaped
compound Ho,Fe O, (Z=8)isa, b, ¢ =12.32 A. Also, by determining the nanoscale
and elemental composition, the formation of the product was proved.
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