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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 BunManue biarorBoputenbHbIi GoHT «XabIK» ynenseT 00pa3oBaTeIbHbIM
IporpaMmam, CUuTas 3TO HallPaBJIEHUE OJHUM W3 KIIIOUEBBIX B CBOEH JESATEIBHOCTH.
Oxa3biBasi MOAJIEPKKY OT€UECTBEHHOMY 00pa3oBaHuto, GOH/I BHOCUT CBOI OCHIIbHBIN
BKJIaJI B Pa3BUTHE KauecTBEHHOTo oOpa3oBanus B Kazaxcrane. Tem camMbiM ciocoOCTBY S
pOCTy uncIa JitoneH, ClIoCOOHBIX MEHSTh KU3Hb B CTPaHe K JIy4IleMy —Ipo(eccHOHAIOB
B pa3iMyHbIX cdepax, MOTCHUUAIBHBIX JIMACPOB M «BEJIUKUX YMOB». OmHOH U3
3HAUUMBIX HMHUIMATHB (oHJa «Xanblk» B oOpa3oBaresibHOW cdepe cTaim MpoeKT
Ozgeris powered by Halyk Fund — mepBblii B cTpane OuzHec-uHKYOaTop ISl yUaluxcs
9-11 xmaccoB, KOTOpBI MOMOTraeT pa3BUBAaTh HEOOXOOUMBIE B COBPEMEHHOM MHpE
MpeANPUHUMATENILCKUE HaBbIKK. Tak, Ha comelCTBHE MajoMy OHM3HECY MIKOJbHHUKOB
06110 BhIIeneHo Oosee 200 rpanToB. J{iis moa/iep KKy TaJaHTIMBBIX 1 MOTHBHPOBAaHHBIX
nereit @oHI HEOAHOKPATHO BBLACISUT TPaHThI HAa 00yueHue B MexXIyHapOJHOH 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 KHUT 10 IPEAMETY
«OCHOBBI TIpeANpUHUMATENBCTBA U Ou3Heca», mpenogaBaemoro B 10-11 xmaccax
Ka3aXCTAaHCKMX ILKOJ U KOJUIEIKEH.

[TomuMo momomM MIKOJIBHMKAM, ydallMMcs KoJulepked W cryaeHTaM DoHp
CUMTAET BAXXHBIM BHECTH CBOW BKJIAJ B IMOBBILICHHE KBAIM(QHUKAINWU IIE€AaroroB,
COBEpIIEHCTBOBAHNE HUX 3HAHMH U HABBIKOB, IOCKOJIBKY HMEHHO OHHU SIBJISIOTCS
MIPOBOAHUKAMH 3HAHUM OyIyIIMX MOKOJEHHH KazaxcTaHueB. [lpu mognepxkke Donna
«XanplK» B IOKHOH cTonuie ObUI OpPraHW30BaH €XKEroJHbIM TOPOACKOW KOHKYpC
nenaroroB «Almaty Digital Ustaz.

BaxHoll MHMLIMATUBOW CTayl pealn3yeMblii MPOEKT MO OOy4YEeHUIO OCHOBAM
(UHAHCOBOM TPaMOTHOCTH Mpernoaasareield n3 BochkMH obnacteil Kazaxcrana, urto
JIOJKHO OKa3aTh CYIIECTBEHHOE BIIMSIHUE Ha BOCIIUTaHUE (PMHAHCOBOW I'PAMOTHOCTH H
MPEIIPUHUMATEIBCKOTO MBIIIJIEHHS Y HOBOTO TIOKOJIEHHSI IPaX</1aH CTPAHBI.

Heob6xonumyto momors @oHx «Xalblk» OKa3blBaeT U TeM, KTO 0COOEHHO OCTPO
B Hell Hyxnaercs. B paMkax counanabHOM 3alllUThl HACEJIEHHUsS 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»!



Bac pepaxrop:
KYPBIHOB Mypar ’KypbIHYJIbI, XUMHUS FBUIBIMIAPBIHEIH JOKTOPSL, ipodeccop, KP ¥FA akanemuri,
Kazakcran PecryOnmukace!l ¥ITTBIK FBUTBIM aKaieMusichiHbIH npe3ueHTi, AK «J1.B. CokobCkuii aTbIHIaFbI
OTBIH, KaTaJIH3 )KOHE IEKTPOXUMUS HHCTUTYTHIHBIHY 0ac qupektopbl (Anmarsl, Kasakcran) H = 4

Penaxkmus ankacel:

OJJEKEHOB Cepra3bl MbiHxkacapyJibl (0ac peaakTOpIbIH OpbIHOACAPHI), XMMUS FHIIBIMAAPBIHBIH
JoKTOpsI, podeccop, KP ¥FA akagemuri, «Dutoxumushy XaablKapaiblK FHUTBIMH-OHIPICTIK XOIIUHTTHIH
mupekropsl (Kaparannsr, Kazakcran) H =11

ATI'ABEKOB Buaamumup EnokxoBuu (6ac pemaxTopiblH OpbIHOAcapbl), XUMHS FBUIBIMAAPBIHBIH
JokTopsl, npodeccop, berapycs ¥YFA akanemuri, Kana marepuaniap XuMUsICbl HHCTUTY TBIHBIH KYPMETTI
nupekropsl (Munck, berapycs) H =13

CTPHAJ MupocaaB, npodeccop, Uexust FhUIBIM aKaJEMHUSICHIHBIH OJKCHEPHIMEHTTIK OOTaHHKa
MHCTUTYTBIHBIH 3epTXaHa MeHrepyurici (Onomoy, Yexust) H = 66

BYPKITBAEB Myxam6eTKaJu, XUMUs FbUTBIMAAPBIHEIH JOKTOPEL, podeccop, KP ¥FA akanemuri,
on-®apadu areigarsl Kaz¥Y Y-npiy Oipiamm npopexropsl (Anmarsl, Kazakcran) H =11

XOXMAHH J[Ixymut, Ceren ynusepcureriniy ®Papmauesruxa daxysapreTinin PapMakornosus
KadeapachHBIH MeHrepymrici, JKapaTbuiblcTaHy FBUIBIMIAPBIHBIH TTOHAPAIBIK OPTAJIBIFBIHBIH JAUPEKTOPEI
(Ceren, Bernrpust) H =38

POCC Camup, PhD noxropbl, Muccucunu yHUBEpCHTETiHIH OCIMIIK OHIMICPIH FBUIBIMU 3€PTTEY
YITTHIK opTansirel, Papmanust Mmektebinin npodeccopst (Oxcdopa, AKII) H =35

XYTOPSIHCKUM Burannii, punocodus gokropst (PhD, (apmarerr), Pequnr yHHBepCHTETiHIH
npodeccopsr (Peaunr, Aurus) H = 40

TEJTAEB Bargar Bypxan6aiiyiabl, TeXHUKa FRUIBIMIAPBIHBIH JOKTOpHI, mpodeccop, KP ¥FA
KoppecnionaeHT-mymreci, Kaszakcran PecnyOmukacer WHgycTpust koHe HWH(PPAKYpBUIBIMIABIK —JaMy
munucTpiiri (Anmarsl, Kasakcran) H = 13

DAPYK Acana Jlap, Xamnap ans-Mamxuaa [IsFsic MeuiHa KoJUIepKiHIH Tpodeccopsl, Xamaap
yauBepcuteTiHig Lsrpic Mmequiuna akynsreti (Kapaun, [Tokxicran) H =21

®A3bIJIOB Cepik /IpaxmMeTy.ibl, XUMHS FBUIBIMIAPBIHBIH JOKTOPBL, ipodeccop, KP ¥FA akanemuri,
OpraHuKajiblK CHHTE3 XKOHE KOMIp XHUMUSCHl HHCTUTYTHI TUPEKTOPBIHBIH FBUIBIMH JKYMBICTAp JKOHIHIET1
opsiabOacaps! (Kaparausl, Kazakcran) H=6

KOPOBEKOBA Illapuna 7Kopo0eKKbI3bl, XHMHs FHUIBIMIAPBIHBIH JOKTOPBI, mpodeccop,
Kepreiscran ¥FA akagemuri, KP ¥FA Xumust koHe XUMMSUIBIK TexXHOJOTHsS HMHCTHTYTHI (Bimikek,
Kpiprezcran) H = 4

XAJIMKOB [:xypadaii XaJuKkoBHY, XUMUsI FBUIBIMIAPBIHBIH JTOKTOPBI, podeccop, Taxikeran FA
axanemuri, B.M. Huxutun ateranarsr Xumust mHCTUTYTHI ([lymante, Toxikeran) H =6

DAP3AJIUEB Barug Mekuaoribl, XuMys FBUTBIMAAPBIHBIH TOKTOPEL, podeccop, ¥FA akanemuri
(Baky, O3ipoaiixan) H=13

TFAPEJIMK Xempa, ¢unocodus noxropsr (PhD, xmmus), Xanplkapallblk Taza jKOHE KOJIaHOAIBI
XMW OJIaFbIHBIH XMHUS KOHE KOpIIaraH opTa OemnimiHiH mpe3uaeHTi (Jlonmon, Aurmms) H = 15
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I'naBHbII perakTop:
KYPUHOB Mypar KypuHoBHY, JOKTOp XMMHUYECKHX HayK, mpodeccop, akagemuk HAH PK,
npe3uaeHT HaronansHol akagemun Hayk Pecry6mmkn Kazaxcran, renepansusiii fupexrop AO «HcTHTYT
TOIUIMBA, KaTanu3a u anekrpoxumun uM. /1.B. Cokonbckoro» (Anmarsel, Kazaxcran) H =4

Penaxkuuonnas xosuierus:

AJIEKEHOB Cepra3spl MbIH:kacapoBH4 (3aMECTHUTEINb INIABHOTO PEJAKTOPA), JOKTOP XUMHUUCCKUX
Hayk, podeccop, akagemuk HAH PK, mupexkrop MexayHapoHOro Hay4HO-IIPOU3BOCTBEHHOTO XOJIANHT A
«Dutoxumust» (Kaparanna, Kazaxcran) H =11

AI'ABEKOB B aagumup EHokoBHMY (3aMeCTHTENb TJIABHOTO PENAKTOpa), IOKTOP XUMHUYCCKHX
Hayk, npodeccop, akanemuk HAH Benapycu, nouerHslit aupexrop MHCTUTyTa XMMHH HOBBIX MaTepHaoB
(Munck, benapycs) H= 13

CTPHA/I Mupocias, npodeccop, 3aBemyromuii 1abopaTtopueli HHCTUTYyTa DKCIIEPUMEHTAIBHON
6otanuku Yemnickoii akagemun Hayk (Onomoyi, Yexust) H = 66

BYPKUTBAEB Myxam0eTKkaan, JTOKTOp XMMHYECKHX Hayk, mpodeccop, akagemuk HAH PK,
[epssrit mpopextop KasHY umenn anp-dapadu (Anmarsl, Kazaxcran) H =11

XOXMAHH [IxynuTt, 3aBenyromnii kapenpoit @apmaxornozun dapmareBrHiyeckoro (akyisrera
VYansepcurera Cerena, upexTop MexXIUCIUIUIMHAPHOTO IIEHTpa ecTecTBeHHBIX Hayk (Ceren, Benrpms)
H=38

POCC Cammup, noxrop PhD, mpodeccop HIkomsr dapmanuyi HAIMOHAIBLHOTO IEHTPa HAYYHBIX
WCCIICJOBAaHUH PACTUTEIBHBIX MPOAYKTOB YHUBepcuTeTa Muccucunu (Oxcdopa, CIIA) H = 35

XYTOPSIHCKUM Butammii, noxrop durocodun (Ph.D, dapmanesr), mpodeccop Yuusepcurera
Penunra (Pepunr, Aurus) H = 40

TEJIBTAEB Baraar Bypxan6aiiyJibl, JOKTOp TEXHHYECKHUX HayK, Ipodeccop, WieH-KOPPECIIOHACHT
HAH PK, MunucrepctBo Munycrpuu u unpactpykrypHoro pa3sutus Pecriyonuku Kasaxcran (AnamMarsl,
Kazaxcran) H=13

DAPYK Acana [lap, mpodeccop kommtemka Bocrounod memmmmubel Xampaapia ans-Mapkunaa,
¢axynsreT BocTouHoil MenuuuHbl yHuBepeuteta Xamaapaa (Kapaun, [Takucran) H =21

®DA3BIJIOB Cepuk /IpaxmeToBUY, TOKTOp XHMHUYECKHX Hayk, mpodeccop, akagemuk HAH PK,
3aMeCTHTENb JUPEKTOpa 1o HaywIHO# paboTe VHCTHTYTA Opranmdeckoro cuHTe3a u yrexumun (Kaparanna,
Kazaxcran) H=06

7KOPOBEKOBA Illapumna KopodexoBHa, TOKTOp XMMHYECKUX HayK, podeccop, akanemnk HAH
Keipreserana, MactutyT Xumun u xumudeckoit texnonorud HAH KP (bumukek, Keipreseran) H = 4

XAJIMKOB [Ixxypa6aii XaJauKoBH4Y, JOKTOp XHMHYECKHX HayK, mpodeccop, axazemuk AH
Tamxukucrana, Vuctutyt xumun nmenu B.W. Hukntuna AH PT (dyman6e, Tamxukucran) H = 6

DAP3AJIMEB Barug Memkua oribl, JOKTOp XHMHYECKHX Hayk, mpodeccop, akanemunk HAHA
(baky, Aszepo6aitmxan) H=13

T'APEJIMK Xempaa, noxrop ¢unocopun (Ph.D, xumus), npesunent Otnena XUMUH U OKpYsKaromieit
cpensl MexxIyHapogIHOro cor03a YHCTO! 1 npukiiagHoi xumun (Jlonnon, Anrmst) H =15
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Abstract. This paper describes the synthesis and physicochemical characterization
of polycrystalline spinel nanocomposite material multiferroic CoCr, O, and YMnO,
perovskite, in different ratio. The sol -gel method was used for synthesis. The structure and
structure of the synthesized spinel- perovskite structural nanomaterial was determined by
X-ray phase analysis (XRA). Calculation and processing results were carried out using the
PDXL program. In the samples studied, it was found that polycrystalline two-phase nano-
material: spinel with cubic space group and perovskite orthorhombic system. According
to result scanning electron microscope (SEM) confirmed the elemental composition and
average nanosize of the nanomaterial in the samples: 1.CoCr, O, equals 103 to 542 nm,
YMnO, equals 1.06-7.02 um; 2.CoCr,0, equals 102 to 525 nm, YMnO, equals 1.02-6.97
um; 3.CoCr, O, equals 106 to 557 nm, YMnO, equals 1.09-7.08 pm.

Keywords: chromite , manganite, composite, sol-gel, spinel, perovskite
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AnnoTtamus. byn Makamaga MONMKPUCTANAbl HAHOKOMIIO3UTTIK MaTepHai
mnuHenbai - Mynbtupeppountsr  CoCr,0, xone YMnO, nepoBCKUTIHIH OpTYpi
KaTbIHACTAFbl CHHTE31 MEH (DM3MKa-XUMHSJIBIK CHNAThl cunartanrad. CUHTE3Jey YIIiH
30/b-TeNb ofici KOJMaHbUIAbl. CHHTE3AENreH UIMUHENIb MEPOBCKUT KYPBUIBIMIIBIK
HaHOMAaTEPUANBbIH KYPBUTBIMBI MEH KYPBUIBIMBI PEHTIreH (azajiblk aHanu3 Audpaxuus
(PDA) apkbutel aHbIKTAIBL. HoTikenepai ecenrtey skone eHyey PDXL Oarmapiamacsl
apKBUIBI JKY3€re achIpbULABL. 3epTTeNreH YITUIepAe MONUKPUCTAIIAB €Ki  (a3aibl
HaHoOMarepuan Oap eKeHi aHbIKTaJIbI: THITI KyOTHI TOOBI Oap IMHHEb )KOHE OPTOPOMOTHI
nepoBckuT kyHeci. CkaHepneymn 53JeKTpoHABI MHUKpockonTbiH (SEM) noTmxkenepi
OolibIHIIA YITLIEepAeri HAaHOMaTepUAABIH AIEMEHTTIK KypaMbl MEH OpTallla HaHOeJIIeMi
pactanpt: 1.CoCr,0O, 103-ten 542 nm-re neiiin, YMnO, 1,06-7,02 mxm-re Ten, 2. CoCr,O,
—102-525 am, YMnO, - 1,02-6,97 mxm, 3.CoCr,0, — 106-557 um, YMnO, — 1,09-7,08
MKM.

Tyiiin ce3aep: XpOMHUT, MAHTaHUT, KOMITO3HT, 30JIb-T'€JIb, HIMUHEIb, IEPOBCKHUT
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AnHOTanus. B cTaThe OMHUCHIBACTCS CHUHTE3 W (HU3UKO-XUMUUYCCKUN XapaKTep
MOJMKPUCTAITUYECKOTO0 HAHOKOMITO3UTHOTO MaTepualia — IIIHHENb MYJbTH(QEeppOoHKa
CoCr,0, m YMnO, nepoBckura B pasHbIX COOTHOLICHWsAX. B KkadecTBe cuHTE3a
WCTIONB30BAJICS METOJ 30ib-Tesisi. CTpoeHHe W CTPYKTypa CHHTE3MPOBAHHOTO IIITH-
HEJIb-TIEPOBCKUTA CTPYKTYPHOTO HAaHOMATepHalia ONpeIelisuIi METOJIOM PEHTIeHO(ha3HOTO
ananmsa (PDA). Pacuer m 06paboTka pe3yabTaTOB MPOBOIUIUCH C TIOMOIIBIO TIPOTPAMMEI
PDXL. Y nccremyeMpix 00pa3ioB yCTaHOBJICHO, UTO MONUKPUCTAIUTHYECKUH ABYX (pa3HbIN
HaHOMaTepHal: IIMUHETb C KyOMYecKOdl NpOCTPAaHCTBEHHOW TPYMIION M TMEPOBCKUT
opTopoMOuuecKkuii cMHTOHMU. [10 MaHHBIM pe3yibTaTa CKaHWUPYIOIIETro JJIEKTPOHHOTO
Mukpockona (COM), MOATBEpXAEHBI SJIEMEHTHBIM COCTaB W CpEeIHUl HaHOopasMmep
Hanomatepuana B oopasuax: 1.CoCr,0O, pasno 103 mo 542 am, YMnO, pagro 1.06-7.02
MkM, 2. CoCr,0O, pano 102 mo 525 aM, YMnO, pasuo 1.02-6.97 mxm, 3. CoCr,O, pasHo
106 1o 557 um, YMnO, pasuo 1.09-7.08 mxm.

KnawueBbie cjioBa: XpOMHT, MaHTaHUT, KOMIIO3HT, 30Jb-T€Jb, MITUHEIb,
MEPOBCKHUT

Introduction

Manipulation magnetic properties under action electrical fields in magnetoelectric
multiferroic materials caused significant research activities aimed on implementation their
transformative technological potential (Spaldin, 2019). Most often, researchers study the
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magnetoelectric properties of composites consisting of a phase with a spinel structure and
a ferroelectric phase with a perovskite structure (O’Neill, 1983).

Compounds belonging to the class of complex oxide materials are being
intensively studied. Complex oxides are attractive for use due to their chemical inertness
and stability. The creation of materials based on various oxides makes it possible to
obtain both purely magnetic and multiferroic compounds (Spaldin, 2010) . Heterogeneous
media are represented with developed interfaces between mesoscopic structural elements,
for example, systems with phase separations, film structures and nanoscale composites
(Alguero, 2016). In this area, manganite compounds with the general formula A B,  Mn,
Me, o O, have been studied in most detail, where A is a rare earth element, B is usually an
alkaline earth element, and Me is a 3d metal (Patrin, 2020; Patrin, 2021).

Research has shown that (La, Sr)MnO, perovskites doped with B-site Al produce 9
times more H, and 6 times more CO compared to the modern material, cerium, when reduced
at 1623 K and oxidized at 1273 K (McDaniel 2013). While these results are promising,
it is worth noting that to achieve high CO and H, production from perovskites in general,
a large excess of steam and carbon dioxide is required (Muhich, 2018). Thermodynamic
analysis based on thermogravimetric experiments has shown that the ABO, perovskites
studied to date (A% La,Sr,Ca and B% Mn,Al) have lower specific mass productivity and
efficiency compared to cerium under most operating conditions, including two-stage
cycling and isothermal regime (Scheffe, 2013; Muhich, 2018; Takacs, 2016; Yang, 2014;
Cooper, 2015; Bork, 2017 ). The lower efficiency of perovskites is explained by their
high heat capacity and, in particular, the low absolute value of the change in the Gibbs
energy of oxygen vacancy formation, which is unfavorable for the oxidation reaction,
but favorable for the reduction reaction. (Bork, 2019) a predictive study was carried out
using thermodynamic calculations multicomponent perovskite La , Sr,, Mn, Cr O, How
new candidate for solar fuel. Chromium is added to the B-site of the ABO, perovskite to
increase the change in Gibbs energy of oxygen formation and decrease the heat capacity,
and to test whether these changes increase the efficiency of the perovskite compared to
La, Sr, MnO,.

Chromite multiferroic oxides MCr,O, (M=Ni, Mn, Co, Zn, Fe, etc.) have not
only received widespread attention in potential applications, but have recently come
under scrutiny due to their multiferroic nature (Yamasaki, 2006). At high temperatures
these samples belong to a spinel structure with cubic spatial group Fdm. Due to their
interesting physical properties, chromite spinels have found applications in multiferroic
memory devices (Scott, 2007), disk recording (Kleemann, 2017), microwave absorbers
(Shah, 2018), and electrical devices (Dong, 2018). They are also offered to use as heat-
resistant pigments (Fern andez, 2002), gas sensitive materials (Niu, 2004), photocatalysts
For H, release and decomposition polluting substances (Boumaza, 2009). The work (Hcini,
2021) presents thermal, microstructural, optical, magnetic and magnetocaloric studies of
chromite spinel Ni, Mn_ Cr,O, prepared by the sol-gel method. (Mataev, 2019) with au-
thors in the work using the sol-gel method, he synthesized chromite-manganite phases,
the composition of which was studied by X-ray diffraction, and a single-phase composite
nanomaterial was obtained.

Materials and research methods

The following reagents were used as starting materials: yttrium (III) oxide, ((Y,0,)
99.99 % GOST/TU 48-4-524-90, Russia); manganese (I1I) oxide, (Mn,0,) 99.99% GOST/
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TU 6-09-3364-78, Russia); chromium (I1I) oxide ((Cr,0,) 99 % GOST TU 6-09-4272-84,
Russia); cobalt carbonate (II) ((CoCO,) 99.99 % GOST 5407-78, Russ.).

Were used following means and methods of measurement: a lund y crucible (diam-
eter 50 mm (5cm)); used Brazil agate mortar (diameter 140 mm (14 cm)). For definitions
phase composition were used X-ray phase method — on the device diffractometer (Miniflex
600 RIGAKU (U=30 kV, J=10mA, frequency rotation 1000 pulses per second, constant
time t=5s, angular interval 20 from 5 to 90°, Japan)) and scanning electron microscope
(TM4000PIus (magnification x10-x100 000, depth of field: 0.5 mm, accelerating voltage:
5kV, 10 kV, 15 kV, maximum sample size: 80 mm in diameter, 50 mm in height, minimum
displacement step: 65 nm; Microanalysis system for tabletop microscope HITACHI TM
4000 Plus: Silicon drift detector with a working area of 30 mm?, guaranteed energy reso-
lution: 137 eV (Mn,Ka), Japan)).

Experimental part

Three composite nanomaterials were synthesized by the sol-gel method in different
ratios. The synthesis reaction is presented below:

1.0.15Y,0,+0.7CoCO,+0.15Mn,0,+0.7Cr,0,—0.7CoCr,0,+0.3YMnO,+0.7CO,

2.0.25Y,0,+0.5CoC0O,+0.25Mn,0,+0.5Cr,0,—0.5CoCr,0,+0.5YMnO,+0.5CO,
3.0.35Y,0,%0.3CoCO,+0.35Mn,0,+0.3Cr,0,—0.7YMnO,+0.3CoCr,0,+0.3CO,

The use of citric acid and glycerol as precipitating agents had a positive effect on
the formation of homogeneous phase samples. Stoichiometric amounts of oxides were
ground in an alundum crucible and mixed in an agate mortar until a homogeneous mixture
was obtained. Distilled water, glycerin and citric acid were added to the resulting mixture.
The mass was heated in an electric oven until a gel was obtained. The resulting gel was
treated in a muffle furnace at a temperature of 600 °C for 20-30 minutes. The composition,
after turning into powder, was re-fired with increasing temperature in the range of 600—
1100 °C. The firing was divided into six stages, with a total duration of 39 hours. After
each stage of synthesis, intermediate grinding and unloading into an X-ray apparatus were
carried out. As a result, a two-phase nanocomposite was synthesized: multiferroic spinel
CoCr,0, and YMnO, perovskite. Calculation and processing data were carried out using
the PDXL program.

Discussion and results

The structure of the resulting spinel-perovskite nanomanganite was analyzed and
its phase composition was determined by the X-ray phase method. As a result of X-ray
phase analysis Powdered polycrystalline samples were rendered into two different phases
of cobalt chromite (CoCr,0,) and yttrium manganite (YMnO,) composites. The insets in
Figures 1-3 show quantitative diagrams of the composites. X-ray diffraction patterns made
it possible to establish that in the composites the percentage ratio of phases is: 1 sample
cobalt chromite (CoCr,0,) 71.2 %, yttrium manganite (YMnO,) 28.8 %; in sample 2 co-
balt chromite (CoCr,0,) 84.2 % and yttrium manganite (YMnO,) 15.8 %, and in sample 3
yttrium manganite 69.1 % cobalt chromite 30.9 %.
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Figure 1. X-ray diffraction pattern of sample 1. Inset: phase diagram ratios: CoCr,0, 71.2 % and YMnO,
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Figure 2. X-ray diffraction pattern of sample 2. Insert: phase diagram ratios: CoCr, 0, 84.2 % and YMnO
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Figure 3. X-ray diffraction pattern of sample 3. Insert: phase diagram ratios: YMnO, 69.1 % and
CoCr,0,30.9 %
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Results of refinement of structural parameters binary phase with cubic and orthor-
hombic crystal structure of cells are given in table 1.

Table 1. Results of quantitative analysis of the crystal lattice for all studied samples

Sample fgrl:ziia a(A) b(A) ¢ () Vc3ell , Zf;f; , Theor.Density
(g/em?®)
1 CoCr,0, 8.3152 8.3152 | 8.3152 | 574.92 Fdm 8 |5.244
YMnO, 5.5356 7.5088 | 5.2399 | 217.80 Pnma 4 |5.852
) CoCr,0, 8.3080 8.3080 | 8.3080 | 573.45 Fdm 8 |5.255
YMnO, 5.23614 5.5302 | 7.5035 | 217.28 Pnma 4 5771
3 CoCr,0, 8.325 8.325 8.325 576.9 Fdm 8 |5.244
YMnO, 5.609 7.486 5.240 220.02 Pnma 4 |5.852

Phase a CoCr,0, when the number of formula units Z=8 crystallizes in a cubic
lattice with space group Fdm. Phase YMnO, accordingly, at Z=4 it crystallizes in an
orthorhombic lattice with space group Pnma (Table 1).

Scanning electron microscopy (SEM): SEM analysis (Fig. 4 a, b, c¢) showed the
presence of conglomerates of particles with a size of 1.06—7.08 microns (um) and 103-554
nm ( nm ), regardless of the ratio of the starting substances. Such particle sizes in all samples
highlight the effectiveness of sol-gel synthesis in obtaining homogeneous microstructures.

s, EN

TM4000 20kV 8.7mm x5.00k BSE M 11/10/2OI22 :

1 1 1 1
10.0um

According to the data in Figure 4 a, it was found that the synthesized spinel CoCr,
O, has a structural crystal size from 103 to 542 nm, and YMnO, perovskite has a micro-
structural phase size of 1.06—7.02 um.
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According to the data in Figure 4 b, it was found that the synthesized spinel
CoCr,0, has a structural crystal size from 1025 to 525 nm, and YMnO, perovskite has a
microstructural phase size of 1.02—6.97 pm.
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According to the data in Figure 4 c, it was found that the synthesized spinel
CoCr,0, has a structural crystal size from 106 to 557 nm, and YMnO, perovskite has a
microstructural phase size of 1.09—7.08 um.

Elemental analysis (EDS) and phase composition: spectral analysis (Fig. 5-7)
showed the presence of Y, Cr, Co and Mn, which confirms the formation of the proposed
composite materials. The elemental composition exactly matched the results of X-ray
diffraction analysis, which confirms the accuracy of the synthesis process. Quantitative
data obtained using EDS are consistent with the formula composition.
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Figure 5. EDS spectral results of sample 1. Inset: EDS spectral analysis results
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Figure 6. Results of EDS spectra of sample 2. Box: Results spectral EDS
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Figure 7. Results of EDS spectra of sample 3. Inset: Results of EDS spectral analyses

The presence of Y, Cr, Co and Mn from the EDS spectra is shown in Figure 2. The
EDS composition measurements of the composite samples were presented in the insets
of Figures 5-7. The data indicates the amount of each element present in the sample.
The results of elemental analysis confirm the results obtained using X-ray phase analysis,
respectively, the result of quantitative analysis. Quantitative data corresponds to manganite
formulas yttrium and chromite cobalt.

Conclusion

In this research sol-gel method synthesized three compositional material with
spinel structure multiferroic CoCr,0, and YMnO, perovskite. An analysis of the phase
structure and elemental composition of the resulting two-phase nanomaterial was carried
out. The results of X-ray diffraction analysis show that in all 3 samples, with the number of
formula units of cobalt chromite (Z) equal to 8. It was found that the unit cell parameters
are 1 sample a,b,c= 8.3152 A , in sample 2 a,b,c= 8.3080 A , in sample 3 a,b,c= 8.325 A,
The unit cell parameter is formed by cubic spatial groups. In perovskite it is shown that
in all 3 samples, with the number of formula units of ytrium manganite (Z) equal to 4, it
was determined unit cell parameters are 1 sample a=5.5356 A, b=7.5088 A, c=5.2399 A;
2 a=5.23614 A, b=5.5302 A, c= 7.5035 A; in sample 3 a=5.609 A , b=7.486 A, c=5.240
A, that the shape parameters are definitely orthorhombic space group. And the result
was also established scanning electron microscope microstructures of a nanocomposite.
According to result SEM confirmed the elemental composition and average nanosize of the
nanomaterial in the samples: 1.CoCr, O, equals 103 to 542 nm, YMnO, equals 1.06-7.02
um; 2.CoCr, O, equals 102 to 525 nm, YMnO, equals 1.02-6.97 pum; 3. CoCr,0O, equal to
106 to 557 nm, YMnO, equal to 1.09-7.08 pm.
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