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1 BopoHEXCKHiT TOCYIapCTBCHHBI YHIBEPCUTET MHXKCHEPHBIX TEXHOJOTHHU, p-T PeBouroruu, 19, r. Boponex, 394036, Poccust
AnHoTtanus. C HOMOLIBIO ITMIMH-HUTPATHOM TEXHOJIOTHHU MOJy4eHbl HAHOYACTUIIbI CII0XKHOT0 OKCHIA KynpaTa OapHs-JlaHTaHa, U3YYeHBbI €ro
cBoricTBa. CoryacHO JaHHBIM PEHTreHO(a30BOr0 aHalM3a CHHTE3UPOBAHHBIN oOpasel siBisiercs: oaHO(a3HbIM. CIOXKHBIA OKCHI HMMEET
CTPYKTYpPY MEPOBCKUTA C MPOCTPAHCTBEHHOM Tpymnmoil Pmmm (47). OnpeneneHsl napaMeTpbl KpUCTAJUTMYECKOI PEIISTKH, PACCYUTAHHBIC U3
nudpakTorpaMmMbl. MUKPOCTPYKTYpa TMOJTYyYCHHBIX KOMIIO3HMIHMN ONMpPEACNieHa C MOMOIIBI0 CKAHHPYIOLICH AJIEKTPOHHONW MHKPOCKOIHH.
O0pa3zer UMeeT MOPHUCTYIO IEHOOOPa3HYI0 MUKPOCTPYKTYPY, COCTOUT U3 arperaroB, UMeronux pasmep 15-98 am. C mOMOILbI0 TEPMUIECKOTO
aHamM3a ObUIO OOHApYKEHO, YTO HA MPOTSHKCHHU HarpeBa Tepsyiach Macca oOpasua (4,19%). Haubomnpmmas morepss Maccsl HaOIo#anach B
unTepBane 318-372 °C, mpomecc CONpOBOXAANICS 3HIOTCPMUIECKUM 3((PEKTOM, YTO COOTBETCTBOBAJIO IIOTEPE CBA3AHHOI BOMIBI, KOTOpas
copbupoBanack B MOpPbl U BOLLIA B CTPYKTYPY CJIOXKHOro okcuia. [loaTBepikiieHa BO3MOXKHOCTb NEPOBCKMTHOW CIIOMCTOM CTPYKTYpBI
MHTEPKAJIUPOBATh BOJY U MOHBI B MEKCIOEBOE IIPOCTPAHCTBO, CTPYKTYpa KOTOPOI HpeacTaBisieT COO0M «HAHOPEAKTOp» A JAAJIbHEHIINX
XHMUYECKHUX INPEBPAIICHUN. DHTAJbINSA ACHMHTCPKOIALMH COOTBETCTBYeT 2,052 KJ[K/MONB, 3TO 3HAa4YCHWE KOPPEINPYET CO 3HAYCHUIMHU
SHTAIBIUNA AEMHTEPKOISALMY UL HMEPOBCKUTHBIX CTPYKTYp (1,5-17,0 x/lx/Monb). TeXxHOIOrHS MOXKET ObITh NPHMEHEHA I PCLICHUS
MPAaKTUYECKUX 3a/lad CHUHTE3a HAHONOPOLIKOB CMELIAHHBIX OKCHAOB KaK MMIIOPTO3aMEIAIONIMX KOMIIOHEHTOB aBTOMOOMJIBHBIX
KaTaJM3aTOPOB U MEPCIIEKTUBHBIX KEPAMUUECKHX MATEPHUAJIOB C 3aJAHHBIMH (DYHKIIMOHAJIbHBIMH CBOWCTBAMHU.
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Abstract. With the help of glycine-nitrate technology, nanoparticles of barium-lanthanum cuprate complex oxide were obtained and its
properties were studied. According to x-ray phase analysis, the synthesized sample is single-phase. The complex oxide has a perovskite structure
with the spatial group Pmmm (47). The parameters of the crystal lattice calculated from the diffractogram are determined. The microstructure
of the obtained compositions was determined by scanning electron microscopy. The sample has a porous foam-like microstructure, consists
of aggregates having a size of 15-98 nm. Using thermal analysis, it was found that during heating the mass of the sample was lost (4.19%).
The greatest loss of mass is observed in the range 318-372 °C, the process is accompanied by an endothermic effect, which corresponds to the
loss of bound water, which was sorbed into the pores and entered the structure of the complex oxide. The possibility of the perovskite layered
structure to intercalate water and ions into the interlayer space, the structure of which is a "nanoreactor” for further chemical transformations,
is confirmed. The enthalpy of deintercolation corresponds to 2.052 kJ/mol, this value correlates with the enthalpy values of deintercolation for
perovskite structures (1.5-17.0 kd/mol). The technology can be applied to solve practical problems of synthesis of nanopowders of mixed
oxides as import-substituting components of automotive catalysts and promising ceramic materials with specified functional properties.
Keywords: complex oxides, barium-lanthanum cuprate, glycine-nitrate method, differential scanning calorimetry, elemental analysis
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Beenenue MaTEepHaJOB TBEPAOOKCHIHBIX TOIUIMBHBIX 3Je-
MEHTOB M 00JialaTh CBEPXIPOBOAMMOCTHIO [1].
JL1st cnoskHBIX OKCHIoB B cucteme LayOz—BaO—-CuO
BO3MOXXHO 00pa30BaHUE Pa3IMYHBIX aHUOH-Ie(U-
LIUTHBIX NEPOBCKUTHBIX CTPYKTYp Lai.Ba,CuOz;
(0.2< x< 0.4) m Lal-xBaxCuOs;5 (0.43< x<
0.66). B surepatype 3TH CTpyKTYpBI ITOTYYHIN HU]-
poBble 0obo3HaueHus 415 u 336, 4To mMOKa3bIBaeT
COOTHOIIIEHHE KaTHOHOB METAJNIOB B 3THUX OKCH-

PemeHne npakTU4ecKHMX 3aJad  CHUHTE3a
HAHOIIOPOIIKOB CJIOXHBIX OKCHIOB METalIOB B
BHJIE UMIIOPTO3aMEIIAIOIUX KOMIIOHEHTOB aBTO-
MOOWJIBHBIX KaTaJM3aTOPOB M IEPCIEKTUBHBIX
KepaMU4YeCKUX MaTepHajoB C 3aJlaHHBIMH (yHK-
LMOHAJIBHBIMU CBOMCTBAMH OCTAETCs 1IOCTATOYHO
MIEPCIEKTUBHBIM HANpPAaBJICHUEM B XHMHUYECKOMN
TeXHOJIOrMH. KyTpaTel peKo3eMeNbHbIX 3JIEMEHTOB

MOTYT HCIHOJB30BaThbCA B KadCCTBC KATOAHBIX
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B pa6ote [3] cuHTe3MpOBaH W HCCIIEAOBAH IIEp-
CIIEKTUBHBIA CBEPXMPOBOJALIMNA HaHOMaTEpHUa
LaBa,Cu307_5. ABTOpEI OTMETHIIA HEOOXOTUMOCTh
Pa3BUTHS PA3IWYHBIX METOJIOB CHHTE3a TaHHOMN
KEepaMHKH /ISl TIONYYeHUS MaTepUalioB C 3a/1aH-
HBIMH CBOWCTBaMH U CIIOCOOHOCTHIO TCHEPHPOBATh
CWJIBHBIC TOKU B MAaTHUTHBIX TOJISIX.

B mocnennee Bpemsi aKTMBHO pa3BHBACTCS
METOJI PAacTBOPHOTO TOPEHHS, W, B UYACTHOCTH,
TITHIMH-HATPATHBIN CHHTE3 [4], KOTOPBIH M0O3BO-
JISeT TONy4YaTh OKCHIHBIE BemIecTBa B Qopme
MOPUCTHIX TIEHOOOPA3HBIX Maj0arioMepUpPOBaH-
HBIX KOMIIO3UIINH.

Lens paboThl — CHHTE3 HAHOCTPYKTYPHOTO
CJIO)KHOTO OKCHJIa B BHJIE KympaTa 6apus-TaHTaHa
TJIMIUH-HATPATHBIM METOIOM U HCCJICIOBAHKE €TO
CBOJCTB.

MartepuaJibl U METOABI

B kauecTBe HCXOAHBIX peareHTOB ObUIN HC-
I10JIb30BaHBbI HUTPAThI JJaHTaHa, 6ap1/151 —
La(N03)3'9H2 0] (X. q.), Ba(N03)2-6H2 O (X. q.),
okcanat meau CuCz Oy (X. 4.) u rimimH — Co2 Hs
NO: (X. 4.), KOTOpbIE OBUIH B3STHI B CTEXHOMETPH-
YEeCKOM COOTHOILIEHHH COTJIACHO PEaKILIWU:

36Ba(NO,),+18La(NO,),+54CuC,0,+56C,H.NO, =
=18LaBa,Cu,0,+220C0, +140H,0+91N,

Cuntez LaBa,CuzOy
cxeme (pucyHoK 1).

OCYHICCTBJIAIIA 11O

[Ipurotosnenue 1M pactBopa
Preparation of 1M solution

! 1 1
Ba(N03)2 La(N03)3 CaC,0,
1
Jo6asnenue

kpucrammuaeckoro CoHsNO»
Addition of crystalline
C2H5NO2
l
YmnapuBanue cmecu
Evaporation of the mixture
l
CaMopacnpoCTpaHsIFOIIHNACS
BBICOKO-TEMIIEPATypPHBIH
CHHTEC3
Self-propagating high-
temperature synthesis

[Ipoxanusanue npu 300 °C
Calcination at 300 °C
Pucynox 1. TexHonornueckas cxema roJTydeHus Kyrnpara
Gapus-naHTaHa
Figure 1. Technological scheme of obtaining barium-
lanthanum cuprate

Bzsarwic B BI)I6paHHOM COOTHOIICHHUH HCXOI-
HbIC pCarcHTbl paCTBOPSUIMCH B ,I[PICTHJ'IJ'IPIpOBaHHOfI
BOAC€ IpHW HHTCHCHMBHOM IICPEMCUIMBAHUU. Pac-
TBOPBI COJICH METAJJIOB CMEIIIMBAIIA MCKOY coboit

232

post@uestnik-vsuet.ru

Y MEIJIEHHO J00aBIISUIH B PACTBOP KPUCTATUTHYECKHUIA
rmuiuH. Cmecy ynapusanu. Ilocne ucnapeHus
M30BITKA BOABI PEAKLIOHHAS CMECh TIEPEXO/IUT B TO-
MOTCHHYIO BS3KYIO JKUAKOCTb. IIpu nanbHeliieM
HarpeBaHWM CMECh CAMOBOCILJIAMEHSIETCS C 00pa3o-
BaHHUEM KOPHYHEBOT'O BBICOKOIIOPHCTOIO BEIIECTBA.
['a3000pa3HBIMU TPOIYKTAMH PEAKIMU SIBISIFOTCS
YIJIEKUCIIBIH Ta3, a30T U mapsl Bozbl (peakmus (1).

Da30BbIi COCTAB OKCUA UCCIEI0BAINA METO-
JIOM PEHTT€HOBCKOW AU(PPAKTOMETPUH B TEOMETPHU
Bperra-bpentano ¢ ucnonszoBanuem CuKo-u3my-
YeHUs HAa PEeHTreHoBcKoM audpakromerpe ARL
X°TRA (ThermoScientific, Lseiinapust). Judpax-
TOTPaMMBbI TOJIyYald C MPUIOBEPXHOCTHOTO CIIOS
(~15 MkMm). JTUCKpUMUHAIHS HEYTIPYTO PACCETHHOTO
M3JIyYEHUs! OCYIIECTBIUIACh MOIYIPOBOIHUKOBBIM
SHEProAMCIIEPCHOHHBIM JETEKTOPOM C paspeIeHUEM
250 5B u oxmaguTenem Ha snmeMeHTax llenbTre.

MUuKpOCTpYKTYpy MOJYYEHHBIX KOMITO3ULIAN
ONpeleNsUIM C TOMOILBI0 CKAaHUPYIOLIEH 3JIeK-
TpoHHOU MuUKpockonuu (JSM-6380LV, B pexxume
BTOPUYHBIX JICKTPOHOB).

Tepmudeckuii aHaH3 MPOBOMIIN Ha TIPHOOpPE
CHUHXPOHHOro TepMuueckoro aHanmuza STA 449 F3,
Jupter NETZSCH B anromunaueBbIX TUTIAX. O0pa-
3enr HarpeBamu g0 450 °C B armocdepe aproHa
(ckopocts HarpeBanus 10 K/mun).

PeSyJ’[BTaTLI H oﬁcy)wlelme

CnoxHBI OKCHA KynpaTa Oapusi-TaHTaHa,
MOJYYEeHHBIA TIUIUH-HUTPATHBIM METOJIOM, HC-
CJIEZIOBAIM METOJIOM PEHTIeHO()a30BOr0 aHaIN3a,
KOTOPBIN TIO3BOJISIET UACHTUDHUITUPOBATH (Da30BBIi
cocTaB 00pasia U yCTAHOBHUTH €T0 YHCTOTY (0a3bl
nmanaeix Power Diffraction File). Cormacao maHHbIM
peHTreHo(]a3oBoro aHajaM3a CHUHTE3UPOBAHHBIN
LaBa, Cuz Oy siBisieTcst ofHO(A3HBIM U HE COJIEPIKUT
NPUMECHBIX (a3 (pUCYHOK 2).

LaBa,Cuz07

HETEeHCHBHOCTE

S

20 30040 500 60 70 80
26, rpan.

Pucynox 2. Pe3ynbraTsl peHTreH0(a30BoOro aHaim3a
Figure 2. X-ray phase analysis results

CHOXHBIN OKCHJI HMEET CTPYKTYPY NEpOB-
CKHTa C MPOCTPAHCTBEHHOW Tpymmoir Pmmm (47).
[TapameTpsl KPUCTAIUIMYECKOH pEIIeTKH, paccuu-
TaHHbIE W3 JUQPPAKTOTPaAMMBI, MPEJCTABICHBI
B Tabmuue 1.
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Tabnuma 1.
CrpykTypHbIe TapameTphl coequHenus LaBa,CuzO7
Table 1.
The structural parameters
CtpyKTypHBIE CtpyKTypHBIE
mapaMeTpsl, A mapameTpsl, A
Coenunenue | (6a3a gaHHBIX) (CMHTE3UpOBaHHOE
structural COe/IMHEHME)
parameters structural parameters
a = 3,925; a=3,925;
LaBa,CuzOy b =3,934; b =3,934;
c=11,707 c = 14,503
Pacuersl mapaMeTpoB CHHTE3HMPOBAHHOTO

o0Opa3ma TMoKa3ajiy YBEJIWYEHHE TapaMmerpa ¢
¢ 11,707 no 14,503 A, mapameTpsl @ u b mpu aTom
He U3MeHWIHCh. Kak mpaBuiio, 3To SBISETCS MPH-
3HAKOM YBEJIWYEHHS MEXKCIOCBOTO PACCTOSHHS,
9TO OOBIYHO NMPOMCXOIUT MPU HHTEPKATHPOBAHUI
BOJIBI HJIH IPYTUX MOJIEKYIL.

Ha pucynke 3 moka3zaHbl IPOXYKTHI TIIAIHH-
HUTpaTHOro cuHre3a. OOpaszel UMeeT HMOPUCTYIO
MEHOOOPa3HYI0 MHKPOCTPYKTYpY, COCTOUT W3
arperaroB, uMeromux pasmep 15-98 um. B cocrase
CJIOKHOTO OKCHJIa TI0 JTaHHBIM 3JIEMEHTHOTO aHa-
mm3a (pucyHok 4) npucyrcrByror La, Ba, Cu, O.
VYriepoa, 4acTo NPUCYTCTBYIOIMI HA TIOBEPXHOCTU
BEIIECTBA, MOJYYECHHOTO  [IIMUIUH-HUTPATHBIM

METOJIOM, He 00HAPYKEH.

e mmfpr*fbge.mw

100mkm 3nexkTpokHoe naobpaxexne 1

Pucynox 3. AHanu3upyeMmblii y4acTOK B KOHTPAcTe
PEHTIEHOBCKOI'O U3J1y4CHH

Figure 3. Analyzed area in x-ray contrast

Pucynox 4. CnexTp XapaKTEpUCTHYECKOI'O pEHTIe-
HOBCKOT'O M3JIy4eHHsI CHHTE3HPYEMOro 00pasa

Figure 4. Spectrum of characteristic x-ray radiation of
the synthesized sample
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[TomrMoO OCHOBHOTO Tponecca — (GpopMHupo-
BaHU CIIOKHOTO OKCH/Ia, 110 JaHHBIM [4, 6] B X01€
TJIMIUH-HATPATHOTO CHHTE3a MPOTEKaloT (PU3HKO-
XMMHUYECKHE TPOLECCHl, CBSI3aHHbIC C B3aMMOCH-
CTBHEM Ta3000pa3HbIX U TBEPAO(A3HBIX POILYKTOB
ropenus. Hanpumep, aBropamu [6] MeTomoM
HK-criekTpomMeTpru B COCTaBE KOHEYHOT'O MPOAYKTa
TIIMIUH-HATPATHOTO CHHTe3a (eppara raJloduHus
Obui OOHApY)KEeHBI: COPOMpOBaHHAsI BOJAA, yrie-
KHCIIBIA ra3, yrapHbelil ra3, HempopearupoBaBIIie
HUTPAT-TPYIIEL.

Ipu nccnenoBaHNM HAILIETO CHHTE3UPOBAHHOTO
00pa3ua MEeToAOM CKaHUPYIOIIEH KaTOpUMETPHH U
TEPMOTPaBUMETPHH (PHCYHOK 5) OBLTO 0OHAPYKEHO,
YTO Ha MPOTSHKEHUH HarpeBa B uHTepBae 25450 °C
Tepsutach Macca oOpasiia (oOmiast moTepsi Macchl
4,19%). Haubonbiast motepst Macchl HaOI01amach
B uHTepBasie 318-372 °C, 31O compoBoXKaanach
SHAOTEPMUYECKIM 3(PPEKTOM, BO3MONKHO, ITOT
3¢ (heKT COOTBETCTBYET MOTEPE CBS3aHHOW BOJBI,
KoTopasi o0pa3oBajach B pe3ysbrare peakiuu (1),
copbupoBanach B TOpbl M BOLIIA B CTPYKTYPY
cioxHoro okcuaa LaBa,CuzO7nH; O.

[TT (6l
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Pucynox 5. TepmorpamMma CHHTE3MPOBaHHOTO 00pa3ia
LaBa,CuzO7

Figure 5. Thermogram of the synthesized sample
LaBa,CuzO7

CBoOogHas Blara #3 IOp COEAMHEHUS
00b1uHO BhIEsieTes A0 100 °C. TemmneparypHblit
uHTepBan mnorepu Maccel 318-372 °C roBopuT
O BBIJIEJICHUM CBSI3aHHOW Biard. Bo3MOXHOCTH
MEPOBCKUTHOM CJIOUCTON CTPYKTYpPhl HHTEPKAIMPO-
BaTh BOJIy W MOHBI B MEXCJIOEBOE MPOCTPAHCTBO
00CYXKIAr0TCs B INTEPATYPE B TOCIEqHEE BpeMs [7].
[Ipomiecc MHTEpKANAIMN HE MPUBOANT K 3HAYNMBIM
CTPYKTYpHBIM HM3MEHEHHSM H XapaKTepu3yercs
TOJIBKO  yBEJTMYEHHWEM JIMHEWHBIX  pa3MepoB
B HANpaBJICHUH, IEPIEHAUKYISIPHOM K IJIOCKOCTH
CJIOEB, paCIIMPEHUE CJIOEB JaeT BO3MOXKHOCTh
MPOTEKAHUIO MPOIIECCOB HOHHOTO 0OMEHa U BHepe-
HUIO IPYTHX aTOMOB B MEXCIIOEBOE MPOCTPAHCTBO,

[CK /(mBr/mr) d[CK /(MBT/Mr/MuH)
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YTO, HECOMHEHHO, MEHSeT (DYHKIMOHAJIbHBIE CBOM-
crBa MaTtepuasnoB. CTpyKTypa MEKCIOEBOIO Mpo-
CTpaHCTBA B IaHHOM CIIydae MpeAcTaBiIseT coOoi
«HaHOPEAKTOp» JUIsl JAJIbHEHWIINX XMMHUYECKUX
npeBpaieHuid. Paccuntannas u3 nanHeix T cteneHp
3amereHust paasercst 100%, komMvecTBO MHTEpKa-
ympoBaHHOW Boabl— 1,04 momb. Dopmyny dasbl,
MOTYYEHHO NIPH MHTEPKAISALIMN BOJIBI, MOYKHO 3aIlH-
catb LaBa,Cuz07-1,04 H,O. Iporiecc MHTEpKAISIUM
BOIBl B MEXCJIOEBOE IMPOCTPAHCTBO CIIOXKHOTO
OKCHJIa BBIP)KAETCS CICAYIOLIMM yPaBHEHHEM:

LaBa,Cu,0,+1,04H,0 — LaBa,Cu,0, -1,04H,0.

[Ipy HarpeBaHWM peEaKIUsS IPOTEKACT
B 00paTHOM HAaNpaBICHUHU. DHTAIBINS JECUHTEP-
Kamanua cootBeTrcTByeT 2,052 k/[x/Monb, 3TO
3HAYCHUE KOPPEIIMPYET CO 3HAUCHUSMU SHTAITBITHIA
JNEUHTEPKOJISAIUU JUIS TIEPOBCKUTHBIX CTPYKTYP
(1,5-17,0 xIx/momp) [7].

3akioueHue

C HChnonb30BaHUEM — TNIMUUMH-HUTPATHOM
TCXHOJIOTNU CI/IHTC3I/IpOBaH CJ'IO)KHI)II\/'I OKCHJI,
kymnpart Oapwusi-nantaHa. COCTaBIICEHBI TEXHOJOTH-
YecKasi CXeMa W YpPaBHEHHS PEaKIHH TOTyYeHHS
CIIO)KHOTO OKCHJa KyIlpara JiaHTaHa Oapwsl.

post@uestnik-vsuet.ru
CoracHO MaHHBIM PEHTreHOo(a30BOTO aHAIHM3a
CHHTE3MPOBAHHBIN 00pa3er Kymnpara JJaHTaHa Oapus
SABJISICTCS] OAHO(A3HBIM U HE COAEPKHUT MPHUMECHBIX
(ha3. CIT0)KHBII OKCHIT IMEET CTPYKTYPY ITEPOBCKUTA
C IPOCTPaHCTBEHHOM rpymmoi Pmmm (47). Paccuu-
TaHbl TapaMeTphl KPUCTALTMYECKOH PEIISTKH.
[NoBbIIeHHOE 3HAYEHUE TapameTpa ¢ MOATBEPIMIIO
WHTEPKAJSIIUIO BOJBI B IPOCTPAHCTBO MEXKIY CIIO-
sIMH. MUKPOCTPYKTYpa MOJIyYEHHBIX KOMIIO3ULUI
orpesieyicHa ¢ TIOMOLIBIO CKaHUPYIOIIEH 3JeKTPOH-
HOM MEKpockorin. O0pazer] IMeeT OPUCTYIO IIEHO-
00pasHyI0 MHKPOCTPYKTYPY, COCTOUT M3 arperaros,
umeromux pasmep 15-98 um. [lotepst macch mpu
HarpeBaHUM CUHTE3UpOBaHHOTO oOpasma 4,19%.
HawmbGonpmass moTepss MacChl COIMPOBOKIACTCS
SHIIOTEPMUYECKUM 3(P(PEeKTOM, UTO COOTBETCTBYET
noTepe CBA3aHHOW BOJBI, KOTOpasl BOILIA B IPO-
CTPaHCTBO MEXIY CJOSAMH CJOXHOTO OKCHIA.
OmpeneneHa ¢opmyna (aspl, TOTyUYEHHON MPHU
uHTepKansauu  Bogel:  LaBarCuszO7-1,04H,0,
paccuutaHa SHTANBNHA Tporiecca 2,052 kJIk/Mos.
[loaTBepkaeHa  BO3MOXKHOCTH  MEPOBCKUTHOU
CIIOMCTOM CTPYKTYpPBhl HHTEPKAJIUPOBATH BOXY
B MEXKCJIOEBOE MPOCTPAHCTBO.

Jlureparypa
1 Gao Z., Mogni L.V., Miller E.C., Railsback J.G. et al. Perspective on low-temperature solid oxide fuel cells // Energy

Environ. Sci. 2016. V. 9. P. 1602-1644. doi: 10.1039/C5EE03858H

2 Lindemer T.B., Specht E.D., MacDougall C.S., Taylor G.M. et al. Nonstoichiometry and decompo-sition of
Lal+zBa2-zCu30y and La4BaCu5013-w // Phys. C.: Superconductivity. 1993. V. 216. P. 99-110. doi: 10.1016/0921—

4534(93)90639-8

3 Yip T.W.S., Cussen E.J. lon Exchange and Structural Aging in the Layered Perovskite Phases // Inorg. Chem. 2013.

V. 52. P. 6985-6993.

4 Rivera A.M.M,, Cuaspud J.A.G., V'argas C.A.P., Ramirez M.H.B. Synthesis and Characterization of LaBa2Cu307—
& System by Combustion Technique // Journal of Superconductivity and Novel Magnetism. 2016. V. 29. P. 1163-1171. doi:

10.1007/s10948-015-3311-3

5 Jlapun B.K., KonpakoB B.M. I muuuH-HUTpaTHBIN CIOCOO MOJTy4EHHUS YIbTPAJUCIIEPCHBIX (HAHO-) IOPOIIKOB OKCHIOB
METAJIIOB U MIEPCTIEKTHBHbIE HAaNpaBlieHust ux npumerennst // zsectus By3oB. LBerHas mertamtyprus. 2003. Ne 8. C. 59-64.

6 T'mmastnunoBa M., Tyrosa E.A., TomkoBuu M.B., TTonkoB B.U. TTonyyenne nanokpucramioB GdFeO3 meronom
TIIMIAH-HUTpaTHOTO Topenws // KonmeHcupoBanusie cpebl U Mexasnbie Tpanuisl. 2016. T. 18, Ne 3. C. 422-431.

7 Silyukov O., Chislov M., Burovikhina A., Utkina T. et al. Thermogravimetry study of ion exchange and hydration in
layered oxide materials // J. Therm. Anal. Calorim. 2012. V. 110. Ne 1. P. 187-192.

8 Raghvendra P.S. Electrical conductivity of YSZ-SDC composite solid electrolyte synthesized via glycine-nitrate
method // Ceramics International. 2017. V. 43. Ne 15. P. 11692-11698.

9 Komova O.V., Simagina V.l., Mukha S.A., Netskina O.V. et al. A modified glycine—nitrate combustion method for
one-step synthesis of LaFeO3 // Advanced Powder Technology. 2016. V. 27. Ne 2. P. 496-503.

10 Martinson K.D., Kondrashkova 1.S., Popkov V.I. Synthesis of EuFeO3 nanocrystals by glycine-nitrate combustion
method // Russian Journal of Applied Chemistry. 2017. V. 90. Ne 8. P. 1214-1218.

References

1 Gao Z., Mogni L.V., Miller E.C., Railshack J.G. et al. Perspective on low-temperature solid oxide fuel cells. Energy
Environ. Sci. 2016. vol. 9. pp. 1602-1644. doi: 10.1039/C5EE03858H

2 Lindemer T.B., Specht E.D., MacDougall C.S., Taylor G.M. et al. Nonstoichiometry and decompo-sition of
Lal+zBa2-zCu30y and La4BaCu5013-w. Phys. C.: Superconductivity. 1993. vol. 216. pp. 99-110. doi: 10.1016/0921—

4534(93)90639-8

3 Yip T.W.S,, Cussen E.J. lon Exchange and Structural Aging in the Layered Perovskite Phases. Inorg. Chem. 2013.

vol. 52. pp. 6985-6993.

4 Rivera A.M.M., Cuaspud J.A.G., V'argas C.A.P., Ramirez M.H.B. Synthesis and Characterization of LaBa2Cu307—
& System by Combustion Technique. Journal of Superconductivity and Novel Magnetism. 2016. vol. 29. pp. 1163-1171. doi:

10.1007/s10948-015-3311-3.



Hugpmarues C.IH. u dp. Becmuux BTYHIIL, 2019, IIT. 81, Me. 3, C. 231-235 post@uvestnik-vsuet.ru

5 Larin V.K., Kondakov V.M. Glycine-nitrate method for producing ultrafine (nano-) powders of metal oxides and
promising areas of their application. News of universities. Non-ferrous metallurgy. 2003. no. 8. pp. 59-64. (in Russian).

6 Gimaztdinova M., Tugova E.A., Tomkovich M.V., Popkov V.I. Preparation of GdFeO3 Nanocrystals by Glycine-
Nitrate Combustion. Condensed Matter and Interphase Boundaries. 2016. vol. 18. no. 3. pp. 422-431. (in Russian).

7 Silyukov O., Chislov M., Burovikhina A., Utkina T. et al. Thermogravimetry study of ion exchange and hydration in
layered oxide materials. J. Therm. Anal. Calorim. 2012. vol. 110. no. 1. pp. 187-192.

8 Raghvendra P.S. Electrical conductivity of YSZ-SDC composite solid electrolyte synthesized via glycine-nitrate
method. Ceramics International. 2017. vol. 43. no. 15. pp. 11692-11698.

9 Komova O.V., Simagina V.l., Mukha S.A., Netskina O.V. et al. A modified glycine—nitrate combustion method for
one-step synthesis of LaFeOs. Advanced Powder Technology. 2016. vol. 27. no. 2. pp. 496-503.

10 Martinson K.D., Kondrashkova 1.S., Popkov V.I. Synthesis of EuFeO3; nanocrystals by glycine-nitrate combustion

method. Russian Journal of Applied Chemistry. 2017. vol. 90. no. 8. pp. 1214-1218.

Caenenusi 00 aBTopax

Cadyxu U. Huprammes 1.x.H., npodeccop, kadenpa HeopraHuIecKkoit
XUMHU 1 XUMHYECKOH TexHOIOrny, BopoHexckuii rocyiapcTBeHHBII
YHUBEPCUTET MHKCHEPHBIX TEXHOJOrWi, mp-T Pepomtonuu, 19,
r. Boponex, 394036, Poccust, sabukhi@gmail.com
https://orcid.org/0000-0001-7887-3061
Jlapuca B. JIpiruHa K.T.H., IOLEHT, Kadeapa HEOPTaHMYECKOM
XUMUM W XHMHUYECKOM TeXHOJoruu, BopoHexckuil rocyaap-
CTBEHHBIN YHMBEPCUTET MH)XXEHEPHBIX TEXHOJIOTHH, Np-T PeBo-
mronuw, 19, r. Boponex, 394036, Poccust, lw000@yandex.ru
https://orcid.org/0000-0002-8836-0689
Hpuna B. Ky3nenoBa kx.1.H. , kKageapa HEOPraHUIECKONH XUMHH
U XMMHYECKOH TEXHOJIOIMH, BOpoHEXCKHil rocynapcTBEHHBIN
YHHUBEPCUTET MH)XXCHEPHBIX TeXHOJOrui, np-t Pesosronuu, 19,
r. Boponex, 394036, Poccust, kuznetsovaiv@mail.ru
https://orcid.org/
ExaTtepuna A. JlonaTuHa cTyIeHT, Kadeapa HEOPTaHUIECKOH
XUMHMHU U XUMHUYECKON TEXHOJIOTUH, BopoHexckuii rocyiapcTBeH-
HBII YHUBEpPCUTET HHKEHEPHBIX TEXHOJIOTHH, Ip-T PeBomtonuy, 19,
r. Boponex, 394036, Poccus, syper.lopatina@yandex.ru
https://orcid.org/

Bkuiag aBTopoB

Bce aBTOpPLI B paBHOﬁ CTCIICHU IPUHUMAJIN Y4aCTUE B HaITUCAHUU
PYKONIUCHA U HECYT OTBETCTBCHHOCTH 3a IJTaruaTt

Kondaukr uarepecon

ABTOPBI 3asIBIIIIOT 00 OTCYTCTBUH KOH(IIMKTa HHTEPECOB.

Information about authors

Sabukhi 1. Niftaliev Dr. Sci. (Chem.), professor, inorganic
chemistry and chemical technology department, VVoronezh State
University of Engineering Technologies, Revolution Av., 19
Voronezh, 394036, Russia, sabukhi@gmail.com
https://orcid.org/0000-0001-7887-3061
Larisa V. Lygina Cand. Sci. (Engin.), associate professor, inor-
ganic chemistry and chemical technology department, VVoronezh
State University of Engineering Technologies, Revolution Av., 19
Voronezh, 394036, Russia, Ilw000@yandex.ru
https://orcid.org/0000-0002-8836-0689
Irina V. Kuznetsova Cand. Sci. (Engin.), inorganic chemistry
and chemical technology department, VVoronezh State University
of Engineering Technologies, Revolution Av., 19 Voronezh,
394036, Russia, kuznetsovaiv@mail.ru
https://orcid.org/
Ekaterina A. Lopatina student, inorganic chemistry and
chemical technology department, VVoronezh State University of
Engineering Technologies, Revolution Av., 19 Voronezh, 394036,
Russia, syper.lopatina@yandex.ru
https://orcid.org/

Contribution

All authors are equally involved in the writing of the manuscript
and are responsible for plagiarism

Conflict of interest

The authors declare no conflict of interest.

Mocrynnua 05/08/2019

IMocJe penaxuuu 23/08/2019

Mpunsita B nevars 04/09/2019

Received 05/08/2019

Accepted in revised 23/08/2019

Accepted 04/09/2019

235



