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TBEPﬂO¢A3HbIl7| CUHTE3 BbICOKO3HTPOMUUHbIX
KPUCTAJINTIOB CO CTPYKTYPOU N’EKCA®EPPUTA M-TUMA

B CUCTEMAX Ba(Fe,Mn,Zr,Ga,Al);,0,9, Ba(Fe,Sn,Zn,Ga,Al)12019
n (Ba,Sr)(Fe,Ga,In,Al)1,014/B,05

O.B. 3aiiyeea’, B.E. Xueynuw?, A.FO. [MyHda’, E.A. Tpoghumoe®

! OxHo-Ypanbckull 2ocydapcmeeHHbill yHUsepcumem, ¢urnuarn 8 2. 3namoycme,
2. 3namoycm, Poccusi

2 FOxHo-Ypanbckuli 20cydapcmeeHHbIll yHusepcumem, 2. Yenaburck, Poccusi

IIpoBemeHB! IKCIIEPUMEHTHI 110 MOJYUYCHUIO HOBBIX BBICOKODHTPOIMMHBIX OKCHUAHBIX (a3
CO CTPYKTypoili Tekcadepputa M-THIa, COCTaB KOTOPHIX oTpaxaeT popmyna MeR1,04q. B aT0i
¢opMyIne B ponn KOMIOHEHTOB Me BrIcTymatoT — Ba, Sr, B ponn kKoMHnoHeHTOB R, Hapsmy
¢ panee npuMeHseMbiMu — Fe, Mn, Al, Ga, In, ucrons30BaH ps HOBEIX, paHee HE HUCIOIB30-
BAHHBIX HUKEM Ul JAHHBIX 3aa4 KOMIIOHEHTOB — Zr, Sn, Zn. YUYuThIBas AaHHbIE, IPEACTaB-
JICHHBIE B JIUTEpaType, Ha TaHHOM dTame paboT HMCCIIeIOBaHHSA MPOBOIIIACH ¢ oOpas3mamu,
npuHaIekamumMu - Tpem  coctaBam: Ba(Fe,Mn,Zr,Ga,Al)1,019, Ba(Fe,Sn,Zn,Ga,Al);,04g,
(Ba,Sr)(Fe,Ga,In,Al)1,014/B,03. B nepBoM ciiydae MmIaHHPOBAIOCH YCTAHOBHUTH, MOYKET JIH B Ka-
YeCcTBE KOMIIOHEHTa BBICOKOIHTPONMHMWHON (a3bl co CTPYKTYpoii rekcadeppura M-THma BBICTY-
1aTh UUPKOHUU. BTOPOI COCTaB MO3BOJIMII YCTAHOBUTbH, MOKHO JIM B KAYECTBE TAKUX KOMIIOHEH-
TOB COBMECTHO HCIIOJIB30BATh OJOBO M LUHK (IIPH 3TOM IPEAINOJIaraioch, 4To COYeTaHHe YeThl-
PEXBaJEHTHOTO OJIOBA U JBYXBAJIECHTHOTO IIMHKA MO3BOJMUT JOOUTHCS B3aUMHONW KOMIICHCAITUH
3apsA0B HOHOB ATHX METAJIJIOB, NMOJIYYUB cpeaHee 3HaueHue +3). [Ipu uccieqoBaHuu TpeThero
COCTaBa IIAHHPOBAIIOCH H3YYUTHh BOZMOKHOCTH HCIIONB30BaHUS T00ABOK JETKOIUIABKUX KO M-
MMOHEHTOB (OKcHAa Oopa M coiei, 00pa30BaHHBIX OKCHIOM 0OOpa W IIEI0YHO3EeM eITbHBIMU 3Jie-
MEHTaMH) B Tpollecce oOpa3oBaHHsS KPUCTAIUIOB BHICOKOXHTpOMHtHOHN (a3wl. McciemoBaHue
CTPYKTYpbl U  XHMHYECKOro cocrtaBa obOpasuoB cuctem Ba(Fe,Mn,Zr,Ga,Al);,0g,
Ba(Fe,Sn,Zn,Ga,Al)1,044, (Ba,Sr)(Fe,Ga,In,Al)1,0:/B,03, moiyueHHbIX METOJOM TBEpIOda3HO-
IO CHHTe3a, I0Ka3aJ0 BO3MOXKHOCTh 0Opa30BaHUS BBHICOKOIHTPONHMMHBIX MUKPOKPHCTAIOB CO
CTPYKTYpoil Tekcadeppura M-THIa IPH BCEX MCIIOIB30BAHHBIX TemIeparypax. B xone mpose-
JICHHBIX PabOT YCTAaHOBJICHO, YTO B COCTaBE BHICOKOIHTpomuiHON (a3er MeR1,019 B posiu koM-
MIOHEHTOB R MOTYT OBITh MCIIONB30BaHbI Zr, Sn U Zn. Mcnonbp30BaHue JIETKOTIABKON JT00aBKHU B
cocTaBe IIMXTHl Ha OCHOBE OKCHJa Oopa He NPHBENO K 3aMETHOMY YIYUIICHHIO PE3yIbTaToB
CHHTE3a KPUCTAJUIOB (a KpOMe TOTo, oOpa3er] 3aKOHOMEPHO OKazajcs 3arps3HEHHBIM COEIHHe-
HUssME Oopa). Pesymbratel PDOA neMOHCTpUPYIOT, YTO YBEIWYEHHE TEMIEpaTyphl CHHTE3a
(8 HamreM cirydae 10 1400 °C) momoKUTeIhHO CKa3bIBACTCS Ha €ro pe3ynbTaTtax. Bee 3T GakTh
ClelyeT Y4ecTh B XOJE IMOCIEAYIOMNX IKCIEPUMEHTOB MO CO3JaHHI0 OJHO(A3HEIX 00pa3IoB,
MPUTOAHBIX JUISl KCCIEIOBAHUS UX XapaKTEPUCTHK.

Knoueswvie cnosa: evicokosnmponutinvie okcuonvle ¢aswl, cexcageppumei M-muna, meep-
0oghasHwlll cuHmes, IKCNEPUMEHMATIbHOE UCCIe008AHUe.

Beenenue

B nocnennue ronpl ObLT poeniaH 3HAUYUTEIbHBIH 00beM padOT 1O CHHTE3Y M U3YYEHUIO HEMETal-
JIMYECKUX BBICOKOIHTponuiHbIX ¢a3 [1-15]. HecmoTpst Ha To, 4TO HaHHOE HaNpaBIeHUE BO3SHUKIIO CO-
BceM HenaBHO ((hakTudecku Toapko HaumHas ¢ 2015 roma), MONyYeHHBIE PE3yIbTAThI MPEIACTABIISIOT
MHTEpEC HE TOJNBKO C TOYKH 3peHUs] (QyHIAMEHTAJbHOM HAayKH, HO W MEPCHEKTHBHBI C TOYKH 3PEHUS
MIPAKTUYECKOT O MPUMEHEHUSI.

Lenb Hammx uccrnenoanuii (Hampumep [16-19]) — mosydeHHe HOBBIX BBICOKOSHTPOIHUHBIX OK-
CUJIHBIX (ha3 co CTPYKTypo# rekcadeppura M-THma myTeM TBepAo(pa3zHOro CHHTE3a B CHCTEMaX, KOTO-
pble paHee He CTAHOBHJIMCH OOBEKTOM MCCIIEIOBAHUI C TOUKH 3PEHHUS CO3JaHUSI BHICOKOIHTPOIUNHHBIX
¢a3, a TakKe H3y4YeHHE CTPYKTYPHI, COCTaBa M XapaKTEPUCTUK MOITYIEHHBIX 00pa3IoB.

B nocnennue necstunerust ObLIO JOKAa3aHO, YTO YIPABICHUE CBONCTBaMU IekcadeppUTOB BO3MOXK-
HO Onarozmaps 3aMeHe HEKOTOPBIX aTOMOB jKeje3a aToMamu Apyrux snemeHToB [20]. Takum oOpazom,
MOJy4eHUE BBICOKOHTPOIMUHOTO MaTepHalia co CTPYKTypoi rekcadepputa M-THia OTKpBIBaeT IIUPO-
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KH€ BO3MOXXHOCTH TUTABHOTO PETYIHPOBAHMS BCETO KOMIUIEKCA €T0 3JIEKTPOMArHUTHBIX XapaKTePUCTHK
B COOTBETCTBUH C TPEOOBAaHUAMHE MPOU3BOIUTENEH 3NMeKTpOHUKHU. [lomyueHHbIe TakuM 00pa3oM MaTte-
pHUaJIBl KIMEIOT OOJBIION MOTSHITUAN TPUMEHEHUS B PA3IMYHBIX 00JIACTAX HAYKU M TEXHUKH.

Hacrosimast craThsi MOCBSINEHA SKCIICPUMEHTAIBHOMY IOJYYCHUIO HOBBIX BBICOKOIHTPOIUITHBIX
(a3 co cTpykTypoii rekcadepputa M-Tumna, cocTaB KOTOPHIX (Ka4eCTBEHHBIN M KOJIMYECTBEHHBIN) OT-
paxaet ¢popmyna MeR;,059. B 3T0# dopmyne B ponu kommonenToB Me Breictynator — Ba, Sr, B ponu
KOMITIOHEHTOB R, Hapsay ¢ panee npumensembivu — Fe, Mn, Al, Ga, In, ncronb30BaH psii HOBBIX, paHee
HE MCTIOJh30BaHHBIX HUKEM JJIsl IAHHBIX 3aj1a4, KOMIIOHEHTOB — Zf, Sn, Zn.

IIpu ompeneneHuN cOCTaBOB CHCTEM, KOTOPHIE TUIAHUPOBAIOCH HCCIIEI0BATh, UCTIOIH30BAIUCH JTH-
TepaTypHbIC JaHHBIE O pPauycax HOHOB AJIEMEHTOB (paccMaTpHUBaeMBIX B KOHTEKCTe mpaBuia [ omnbi-
IIMHJITA), ¥ UX KOOPAMHAIMOHHOM 4uciie. Kpome TOro, Takoi 3JIEMEHTHBI COCTaB MCCIEeIyeMbIX CHC-
TeM OOBSICHAETCS CIeAYIOMMM 00pa3oM. DileMeHTaMH1, HanOoJee YacTO BBICTYHAIOIIMMHA B POJH JBYX-
3apsAHOTO KaTHOHA MpU (POpMHUPOBAHUU TeKcaeppUTHON CTPYKTYpPBI, B JaHHOM cliydae sBIIsitoTCs Ba
u Sr. Takxe corjaacHo JUTEPATypHBIM JaHHBIM [20], JT0Ka3aHa BO3MOKHOCTh 3aMEIIICHUS XKelle3a B TeK-
caeppuTax M-THIIa B IEPBYIO OYepeab TAKUMHM djeMeHTaMu, Kak Al, Mn u Ti. Zr sBjseTcst SIeKTPOH-
HBIM aHAJIOrOM T1 ¥ paHee yCIENIHO MPUMEHSIICS ISl 3aMEIICHUS TPEXBAJICHTHOTO JKeye3a B rekcadep-
putax; Sn, Zn Takxke YINOMHHAIOTCS B JINTEPAType B KaueCTBE BO3MOXKHBIX YYAaCTHUKOB 3aMEIICHHBIX
rexcaeppUTHBIX CTPYKTYp. Bce 3T0 OTHOCHTCS K OJHOBPEMEHHOMY JIETUPOBAHUIO OJHUM WU JBYMS
JJIEeMEHTaMH, OJTHAKO JaeT HaM OCHOBAaHHWE IoJarath, 9to Zr, SN, ZN MOTYT OBITh MCIIOJIb30BaHbI U IS
MOJTYYEHUS BRICOKOOHTPOIMHHOTO MaTepuala co CTpyKTypoii rekcadeppura M-Tumna.

VYuuTeiBas naHHBIE, IPEACTaBICHHBIE B JUTEPaType, Ha JAHHOM 3Tare padoT MpernoaraeTcsl uc-
ciemoBath 00pasIlbl, MPUHAJIEKAIINE K TPEM COCTaBaM:

Ba(Fe,Mn,Zr,Ga,Al)1,01,

Ba(Fe,Sn,Zn,Ga,Al);,01s,

(Ba,Sr)(Fe,Ga,In,Al)1,0:¢/B,05.

B nepBom citydae miaHUpyeTcs yCTaHOBUTH, MOXKET JTM B KA4eCTBE KOMITOHEHTa BHICOKOOHTPOITHH-
HOM (a3bl cO CTPYKTypo# rexcadeppura M-Tuma BeICTYNaTh HUPKOHUN. BTopoli cocTaB MO3BONHUT yc-
TaHOBUTH. MOXKHO JIM B KAaueCTBE TAaKMX KOMIIOHEHTOB COBMECTHO HCIIOJNB30BAaTh OJIOBO M IIMHK
(Tipu ATOM TIPEOIaraeTCsi, YT0 COYETAHHE YETHIPEXBAJIEHTHOTO 0JIOBA M IBYXBAJCHTHOIO IIMHKA MTO3BO-
JIUT JIOOUTHCS B3aUMHOM KOMIICHCAIIMU 3apsiIOB MOHOB ATHX METAJUIOB, TIOJIYUMB CpPEIHEE 3HAUYCHHUE +3).
[Ipu u3ydeHNH TPETHEro COCTaBa IIIAHUPYETCS U3YYUTh BO3MOXKHOCTH MCIIOJIb30BAHUS JJOOABOK JIETKO-
TJIABKUX KOMITOHEHTOB (OKCHa 60pa M cojieil, 00pa30BaHHBIX OKCHIOM OOpa ¥ IIEI0YHO3EMENbHBIMA
3JIEMEHTaMH) B TIpollecce 00pa30BaHUs KPUCTAIIIOB BEICOKOIHTPOITUIHOM (ha3bl.

MeTtoauka npoBeaeHns IKCIEPUMEHTOB

PaboThI 0 MOTY4EeHUIO0 HOBBIX BHICOKOOHTPOIIMHHBIX OKCHIIHBIX (ha3 cO CTPYKTYpOU rexcadeppura
M-tuna myteM TBepA0(ha3HOTO CHHTE3a Ha JIAHHOM 3Tarle MCCIEAOBAHHS MPOBOJUINCH C CHUCTEMaMH,
COCTaB KOTOPBIX OTPAXKAIOT (DOPMYIIBI:

Ba(Fe;sMn; 421, 4Ga, 4Al, 4)O1g,

Ba(Fe2,4Sn; 42N, 4Gaz 4Al5,4)O1g,

(Ba0,58r0,5)(Fe4,8Ga2,4|n2,4A|214)019/(0,3Ba0+0,38r0+2,4H3BO3).

B nocnennem ciydae coctaB mogoOpaH MCXOIS M3 MPEANONIOKEHUs, YTO MOCTE Pa3oKeHus 00p-
HOW KHUCIIOTHI (C UCTIAPEHUEM BOJIbI) U peaklMH OKcuaa Oopa ¢ OKCHAAMHU LIETOYHO3EMENbHBIX MeTall-
noB nosryuutcs 0,6 MOJIb TeTpabopaTOB 3TUX METAIUIOB Ha 1 Monb rekcadepputHoi ¢asbl. Paccunran-
HBIE COCTaBbI LIUXTHI I CHHTE3a 00pa3oB NpuBeIeHHI B Ta0M. 1.

Hageckn PC€aKTUBOB (BaCO3, SrCO3, FeQO3, Mn203, Sn0O,, ZrO,, Zn0O, Ga203, A|203, H3803, |n203
¢ KBamu(pUKaIMeHd He HWKE, YeM «U. JI. a.») B XOJIe IKCIIEPUMEHTA MPENIBAPUTENFHO TIIATEIHHO Tepe-
MEIINBAIN 1 TIEPETHPAITU B araTOBO CTYIIKE.

C wesnbio ompesesieHUs: ONTUMAIBFHON TeMIlepaTypbl TBepaoda3Horo cuHre3a 00pasubl 3aJaHHOTO
cocTaBa CIIEKaJIMCh B OKHCIMTENIbHOM aTrmochepe (Ha Bo3ayxe) mpu Temreparypax 1200, 1300
u 1400 °C B TeueHue 5 yacoB. 3aTeM MOJIYUYEHHBIE SKCIIEPUMEHTAIbHbIE 00pa3lbl OXJIKIATH U UCClie-
JIOBaJId Ha CKaHUPYIOIIeM 3JieKTpoHHOM Mukpockore Jeol JSM7001F, cHaGXeHHBIM PEHTTEHOBCKHM
cunekrpomerpoM Oxford INCA X-max 80 (s snemeHTHOro aHanmza oOpasunoB). [loaTBepikaenne
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dPusnyeckaa xumums

CTPYKTYpbI 00pa3oB OCYHIECTBISIOCh METOJOM PEHTTeHO(A30BOTr0 aHalK3a ¢ MOMOIIbBI0 PEHTICHOB-
ckoro nopomikoBoro audpakromerpa Rigaku Ultima V.

Ta6bnuua 1
CocTasbl WKxXTbI (Macc. %)
Ba(Fe,Mn,Zr,Ga,Al);,019 Ba(Fe,Sn,Zn,Ga,Al);,044 (Ba,Sr)(Fe,Ga,In,Al);,014/B,03
BaCQO;] 16,1561 15,2585 10,6082
SrCQO4] - - 7,9372
Fe,03] 15,6889 14,8173 25,7549
Mn,0O4] 15,5103 - -
ZrO,] 24,2120 - -
Ga,04] 18,4155 17,3923 15,1164
Al,Os] 10,0172 9,4606 8,2228
Sn0,) - 27,9676 -
Zn0O] - 15,1037 -
H3BO;] - - 9,9714
In,O3] - - 22,3890

Pe3ysbTaThl M HX 00Cy:KAeHHE

Tunuyeble MHUKpPOKpPHUCTANIBI, OOHApPYXEHHbIE B 00pa3nax pasJduHBIX CHCTEM, IIOKa3aHbI
Ha puc. 1-3. YcpeaHeHHble pe3yibTaThl MUKPOPEHTIEHOCIEKTPAILHOIO aHajIn3a HEKOTOPBIX OOHapy-
JKUBAEMBIX T€KCArOHAIBLHBIX MUKPOKPHUCTAIUIOB MPEJCTABICHBI B Ta0IM. 2.

Puc. 1. Mpumep kpuctannos, o6HapyxuBaembix B obpasuax coctaBa Ba(Fe,Mn,Zr,Ga,Al)12015,
nony4eHHbIX Npu Temnepatype: a) T = 1200 °C; 6) T = 1300 °C; B) T = 1400 °C

72 Bulletin of the South Ural State University. Ser. Chemistry.
2021, vol. 13, no. 3, pp. 70-78



3atiyeesa 0O.B., XKueynuH B.E., TeepdoghasHbIli cUHMeE3 8bICOKOIHMPOMUUHbLIX KpUCMaioe
Mynda A.FO., Tpogumos E.A. co cmpykmypou 2ekcagpeppuma M-muna...

SEL

B)

Puc. 2. MNpumep kpuctannos, o6HapyxnBaembix B obpasuax coctaBa Ba(Fe,Sn,Zn,Ga,Al)1201g,
noslyYeHHbIX Npu Temnepartype: a) T = 1200 °C; 6) T = 1300 °C; B) T = 1400 °C

Puc. 3. MNpumep kpuctannos, o6Hapyxu1BaeMbIiX B obpasuax cocraBa (Ba,Sr)(Fe,Ga,In,Al)1201¢/B,0s3,
nony4eHHbIX npu Temnepartype: a) T = 1200 °C; 6) T = 1300 °C; B) T = 1400 °C
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dusnyeckana xmmumsa

Tabnuua 2
YcpeaHeHHbIe pe3ynbTaThbl uccnenosaHnsa metogom PCMA HekoTopbIX 06GHapyXeHHbIX
rekcaroHanbHbIX Kpuctannos (aT. %)
Ba(Fe,Mn,Zr,Ga,Al)1,019

o [RT* [Me]*
T.°C Al Mn Fe Ga Zr Ba [RVIMe]
1200 11,99 17,08 19,37 37,78 5,16 8,62 10,63
1300 24,14 17,27 19,72 21,9 9,42 7,54 12,26
1400 18,06 11,58 33,23 25,02 5,49 6,62 14,11

Ba(Fe,Sn,Zn,Ga,Al)1,049

o [RT* [Me]*
T.°C Al Fe Zn Ga Sn Ba [RVIMe]
1200 19,55 13,66 13,41 11,16 34,94 7,29 12,72
1300 21,34 18,66 18,02 16,69 16,78 8,51 10,76
1400 26,5 17,58 14,68 16,13 17,21 7,9 11,75

(Ba,Sr)(Fe,Ga,In,Al)1,0.4/B,03

o [R]* [Me]*
L°c Al Fe Ga In Sr Ba [RVMe]
1200 19,29 40,13 20,31 12,41 3,19 4,66 12,00
1300 2491 36,41 17,35 13,04 3,79 4,49 11,07
1400 20,22 38,28 20,09 13,56 3,24 4,61 11,71

* — s popmynsr MeR1,04.

[Ipu ananuze pe3ynbTaToOB, HECOMHEHHO, CIEAYET YUUTHIBATH KaK HETOUHOCTH B OTPEACICHUH CO-
JIep’KaHMs SJIEMEHTOB BBHIY pa3Mepa HCCIEeIyeMbIX KPHUCTAIUIOB M 0COOCHHOCTEH METOANKH HCCIeI0-
BaHUS, TaAK ¥ BO3MOXKHOCTh MPHUCYTCTBHUA HEKOTOPHIX AJIEMEHTOB B cocTaBe (pa3sl MeR;,0;9 Kak B 110-
noxxenuu R, tak u B nonoxeHun Me. C y4eToMm 3TOTo U3 NpeACTaBICHHBIX JaHHBIX (CM. Ta0Jl. 2) BUIHO,
YTO COOTHOIIIEHHE MEXJy YMCIIOM aTOMOB TuTia R u unciom aromoB Tuma Me B rekcaroHajgbHBIX KpH-
CTaJIax BCEX IMOMYYEHHBIX 00pa3IoB JOBOIBHO OH3KO K 12.

3TO COOTHOINICHHUE, a TAKXKE PE3yNbTaThl peHTreHo(ha30Boro aHanusa (puc. 4—6) CBUIETENBCTBYIOT
0 TOM, 4TO TBepAo(a3HbIM CHHTE30M MOTYT OBITh TMOJYYEHBI BBICOKODHTPOIMHHBIC KPUCTALIBI CO
CTPYKTYpO#i Tekcadeppura M-Tuma, B TOM YHCIIE KPUCTAILIBI, COCTaB KOTOPBIX paHee He ObUI OIMHCaH
B utepatype. Ha puc. 4—6 kpacHbIME JIMHUAME 0003Ha4YeHbl qaHHbie 1t BaFe;,01q [21]; mrrprxoBsl-
MU ¥ IITPUXITYHKTUPHBIMU JTHHUSME 0003HaU€HBI peIIeKChl, OTHOCSIIUECS K IPYTUM BelllecTBaM (OHU
HepPEUYHCIICHBl HA PUCYHKAX).

Puc. 4. CnekTpbl peHTreHoBCKoW Audpakuum o6pasuoB coctaBa Ba(Fe,Mn,Zr,Ga,Al);2019,

NHTEHCHBHOCTD, YCJI. e]1.

1. Zr0,
2. Fe,0,
3.Ga,0,
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CUHTE3UpOBaHHbIX Npu TeMnepaTtypax 1200, 1300 1 1400 °C
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ComnocraBienne pe3yiabTatoB PDA 11 pa3HBIX TeMIepaTtyp MOKa3bIBaeT, 9TO C POCTOM TeMIIepa-
TypbI CHHTE3a KOJIM4YeCTBO rekcadeppuTHON (as3pl pacTeT (HHTEHCHBHOCTh COOTBETCTBYIOMINX pediex-

COB yCHJIMBA€TCA), @ KOJMYECTBA APYTUX BEILECTB B HCCIEAyEMBIX 00pasIax naaaer.

IIpu 3TOM BHIHO, YTO TMOJIOKEHUE MUKOB TekcadeppuTHOU (pa3bl HECKONBKO CMEIIAeTCs OTHOCH-
TENBHO MUKOB sl unctoro BaFe;;0;9 DTO CBsI3aHO ¢ HEKOTOPHIM U3MEHEHUEM YCPEIHEHHBIX IMapa-
METPOB KPUCTAJUIMYECKOM PEIIETKH B BEICOKOAHTPONMHHON (ha3e n3-3a pa3HUIIBI HOHHBIX PaInyCOB XKe-
Jie3a ¥ IPYTHX 3JIEMEHTOB, 00Pa3yIONINX BEICOKOIHTPOITUHHYIO TIOJIPEIIETKY.
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Puc. 5. CneKkTpbl peHTreHOBCKOoW Audpakumm obpasuoB

cocTaBa Ba(Fe,Sn,Zn,Ga,Al);,0;,,

CUHTE3UPOBaHHLIX Npu Temnepatypax 1200, 1300 n 1400 °C
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Puc. 6. CneKkTpbl peHTreHOBCKOW Andpakumm obpasuoB

cocTaBa (Ba,Sr)(Fe,Ga,In,Al);12,014/B,03,

CUHTe3UpOBaHHbIX Npu TemnepaTypax 1200, 1300 u 1400 °C

3akiaouenue

HccrnenoBanne CTPYKTypHl W XHMHUYECKOTO cocTaBa obpasmos cuctem Ba(Fe,Mn,Zr,Ga,Al)1,04,,
Ba(Fe,Sn,Zn,Ga,Al)1,044, (Ba,Sr)(Fe,Ga,In,Al)1,0:4/B,03, monyueHHbIX METOIOM TBEPA0(HA3HOTO CHH-
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Te3a, MOKa3aj0 BO3MOXXHOCTh O00OPa30BaHUS BBICOKOAHTPOIUNWHBIX MUKPOKPUCTAIUIOB CO CTPYKTYpOU
rekcadeppura M-Tumna.

B xome mpoBeneHHOro WCCIEAOBaHWS YCTAaHOBJIEHO, YTO B COCTaBE BBHICOKOXHTPOIMHHOW (a3bl
MeR1,019 B posii KOMIOHEHTOB R MOET OBbITh MCITIOJB30BaH DS HOBBIX, paHEE HE MCIOJIb30BaHHBIX
HUKEM JJIs JJAHHBIX 33724, KOMIIOHEHTOB — ZI, SN, Zn. Vcrosib30BaHue JISTKOIUIABKOM T00aBKH B cOCTa-
B€ IIMXTHl HA OCHOBE OKcHIa 0Opa HE MPHUBENO K 3aMETHOMY VIIYUIIEHHIO PE3yJIHTAaTOB BHIPAIINBAHUS
KPHCTAJUIOB (2 KpOME TOTO, 00pa3er] 3aKOHOMEPHO OKa3aJiCs 3arpsi3HCHHBIM coeauHeHUsIMHU 0opa). [lo-
Ka3aHO, YTO KPUCTAJUIBI BHICOKOSHTPOIMIHEIX TekcadeppuToB M-Tumna oO0pa3yroTcs MPU BCEX UCIIONb-
30BaHHBIX Temreparypax. OnHako pe3ynbratel POA neMOHCTPUPYIOT, YTO YBEIUYCHUE TEMIICPATYPh
cunresa (10 1400 °C) momoUTENbHO CKa3bIBACTCS HA €ro pe3yiIbTaTax — B 00pasiax pacTeT KOJIUIeCT-
BO (ha3bl CO CTPYKTypoii rekcadyepputa M-TUna ¥ yMEHBIIACTCS KOJIMUECTBO Npyrux ¢a3. Bee atu dak-
ThI HY)KHO YY€CTh B XOJI€ MOCJICIYIOIUX IKCIIEPUMEHTAIBHBIX padO0T 1O CO37aHUI0 TOMOTCHHBIX 00pas3-
IOB, HEOOXOUMBIX JUTS MCCIICIOBAHUS UX XaPaKTEPUCTHK.

UccnenoBanue BhIMONHEHO Npu (GuHAHCOBOW momnepxkke PODU B pamkax HaydyHOTO MpOEKTa
Ne 20-33-90113.
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SOLID-PHASE SYNTHESIS OF HIGH-ENTROPY CRYSTALS
WITH THE M-TYPE HEXAFERRITE STRUCTURE

IN THE Ba(Fe,Mn,Zr,Ga,Al)1,0;6, Ba(Fe,Sn,Zn,Ga,Al);,010
AND (Ba,Sr)(Fe,Ga,In,Al);,0,6/B,0; SYSTEMS

0.V. Zaitseva', nikonovaolga90@gmail.com,
V.E. Zhivulin?, zhivulinve@mail.ru,

A.Yu. Punda?, pundaai@susu.ru,

E.A. Trofimov?, trofimovea@susu.ru

! South Ural State University, Zlatoust, Russian Federation
2South Ural State University, Chelyabinsk, Russian Federation

Experiments to obtain new high-entropy oxide phases with the M-type hexaferrite structure,
the composition of which reflects the MeR 1,019 formula, were carried out. In this formula, the
Me components are Ba, Sr, and in the role of the R components, along with the previously used —
Fe, Mn, Al, Ga, In —a number of new components unused previously for these tasks: Zr, Sn, Zn.
Taking into account the data presented in the literature, at this stage of the research the studies
with samples belonging to three compositions were carried out: Ba(Fe,Mn,Zr,Ga,Al)1,044,
Ba(Fe,Sn,Zn,Ga,Al)1,044, and (Ba,Sr)(Fe,Ga,In,Al);,0,4/B,0s. In the first case, it was planned to
establish whether zirconium can act as a component of the high-entropy phase with the M-type
hexaferrite structure. The second composition made it possible to establish whether tin and zinc
could be used together as such components (it was assumed that the combination of the tetrava-
lent tin and bivalent zinc would make it possible to achieve mutual compensation of the
charges of the ions of these metals, obtaining an average value of +3). While studying the third
composition, it was planned to study the possibility of using additions of low-melting compo-
nents (boron oxide and salts formed by boron oxide and alkaline earth elements) in the process
of the formation of crystals of the high-entropy phase. The study of the structure and chemical
composition of samples of the Ba(Fe,Mn,Zr,Ga,Al);,04, Ba(Fe,Sn,Zn,Ga,Al);,04, and
(Ba,Sr)(Fe,Ga,In,Al);1,044/B,03 systems, obtained by solid-phase synthesis, showed the possibili-
ty of formation of high-entropy microcrystals with the M-type hexaferrite structure at all temper-
atures used. In the course of the work carried out, it was found that in the composition of the
high-entropy MeR1,019 phase, a number of new components, unused previously for these tasks,
can be used as the R components: Zr, Sn, Zn. The use of a low-melting additive in the composi-
tion of the mixture based on boron oxide did not lead to a noticeable improvement in the results
of crystal growth (and, in addition, the sample naturally turned out to be contaminated by boron
compounds). The XRD results demonstrate that an increase in the synthesis temperature (in our
case, up to 1400 °C) has a positive effect on its results. All these facts should be taken into ac-
count in the course of subsequent experiments to create single-phase samples suitable for study-
ing their characteristics.

Keywords: high-entropy oxide phases, M-type hexaferrites, solid-phase synthesis, experi-
mental study.
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