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BBEAEHWE

C0XHbIE HECTEXMOMETPUUECKHE OKCUIBI Mepe-
XOIHBIX METAJJIOB IPUBJIEKAIOT BHUMAHUE B CBSI3U C
MOTPEOHOCTIMM Pa3BUTHUA psiga dHEProdPdeKTUB-
HBIX TEXHOJIOTU, HarpuMep, JIs1 pa3aejieHUs ra3o-
BBIX CMeEcCeil, B Ka4eCTBE TEPMOXMMUICCKIX CHUCTEM
XpaHEHUsI SGHEPIUU, TBEPIOKCUIHBIX TOIUIMBHBIX 2JIe-
MEHTOB U T.1. [ 1—7]. AKTyaJIbHOI1 HAy4HOI1 3a1a4ueii B
JTAaHHOI 00J1aCTU SIBJISIETCS MMOMCK 1 pa3pabdoTKa HO-
BBIX MaTepraJoB Ha OCHOBE AOCTYIHBIX M Oe30Iac-
HBIX XUMWYECKUX COCAUHEHUI, TeMOHCTPUPYIOIINX
BBICOKME 3HAYCHMsSI KMCIOPOOHOM €MKOCTU, JOCTa-
TOYHO OBICTPYIO KUHETHUKY MPOIIECCOB KMCIOPOTHO-
ro oOMeHa M HU3Kue pabouure TemriepaTypsl. B aToii
CBSI3U B KaUECTBE MaTEPUAJIOB JISI XpaHCHUSI KUCJIO-
polla UHTEHCUBHO MCCJIEAYIOTCS TBEPIbI€ PACTBOPHI
Ha ocHoBe kobanbTuTa YBaCo,0; ; 5 [8—10]. aHHbIE
OKCHUJIbI IEMOHCTPUPYIOT CLIOCOOHOCTh K 00paTUMO-
MYy IIOTJIOLIEHUIO KHMCIOpOoaa B MHTepBaje TeMIIepa-
typ 200—400°C. Tak, He3aMelIeHHBI KOOAJbTUT
YBaCo,0; ;. § MOXET OBbITh HACHIILEH KUCIOPOIOM A0
coctaBa 0 = 1.5. Tlpu 3TOM BeIMYMHA KUCIOPOIHOMN
€MKOCTHU cocTaBisieT okojio 2600 Mxmosnb O/T, 4To 60-
Jee 9eM Ha 70% mpeBbIIIaeT eMKOCTb CTaHIAPTHBIX
IIMPOKO PACIpPOCTPaHEHHBIX MaTepraoB Ha OCHOBE
okcupna uepus [11, 12]. K coxaneHuio, 3To peKkopi-
HOe 3HauYeHUEe MOXET ObITh JOCTUTHYTO JIUIIb MPU

! HomomHUTeNNbHAST MHGMOPMALIUS I 3TOW CTaThbU JOCTYITHA
no doi 10.31857/S0002337X23100123 myist aBTOPU30BaHHBIX
MoJb30BaTeJIeH.

MOBBIIIEHHBIX AaBieHUsIX Kucaopoaa [13]. C Touku
3peHUs TPAKTUUECKUX IPUMEHEHU O0jlee MHTEpeC-
HbI BOBMOXHOCTH Bapualuu COACPKaHUS KUCIOPO-
Jla B OKCUJIe TPU UBMEHEHUSIX TeMIepaTypbl. B aTom
cllyyae OTCYTCTBME PHEPreTUYECKUX 3aTpaT Ha KOM-
npumupoBanue u 100%-Hast ceJIeKTUBHOCTb 1O KHC-
JIOpOIY OTKPBIBAIOT LIMPOKUE MEPCIIEKTUBBI Au3aliHa
TEXHOJIOTWI, OCHOBAHHBIX Ha YyTUJIU3aIIM COPOCOBOTO
Terla XUMUYECKUX, METAJUTypTMYeCKUX U IPYTUX BbI-
COKOoTeMIlepaTypHbIX MPOU3BOACTB. B yacTHOCTH,
OOJBIIOI MHTEPEC MPEACTABISIET pa3padoTKa peIeHIi
JUUISI TIOJTydeHUsT BBICOKOYMCTOTO a30Ta M APYTux 3a-
IIIUTHBIX 'A30B MIPU MPOTOYHOI OUMCTKE BO3AyXa,/Ta30-
BBIX cMeceit oT Kuciopona. B 3Toit ¢cBsI3n ncciiemona-
HIHE OCOOEHHOCTE! KMCIOPOIHOIro 0OMeHa B IOMUPO-
BaHHBIX MPOU3BOAHBIX KobanbTuta YBaCo,0; | 5
MMEET HeMOCPEICTBEHHOE MPaKTUUYECKOe 3HAUeHHE.

B nutepatype uMeroTcs cBeleHUs O BIUSTHUU 10~
nupoBaHus noapeiieTok Y, Ba u Co Ha crtocOOHOCTh
kobanpTuTa YBaCo,0; ;. 5 K KUCIOPOTHOMY OOMEHY B
nnarna3oHe 200—400°C. OGBIYHO MUCITOIb3YeTC ST 9KC-
NepUMEeHTAabHbIN MOAX0J, OCHOBAHHbBIM Ha OLIEHKaX
BapualMy Macchl 0Opa3LoB IPU HArpeBaHUU B TOTO-
ke kucnopoga [14—17]. B psime pabot mpencTaBieHbI
JIaHHbIE O BapualMsIX KHUCJIOPOIHOU HECTEXMOMET-
pUH B yCJIOBUSIX IMKIIMYECKOTO NEPEKIIOUEHUS Ta30-
BOI cpellbl MEX Ty KMCIIOpoaoM 1 a3oToM [ 18—20]. [1pu
5TOM MMEIOIIMECS B JIMTEPATYpPE CBEACHUS O KUCIIO-
ponHOM oO6MeHe Npou3BoAHbIX okcnaa YBaCo,O; Ha
BO3IIyXe I0BOJILHO OrpaHuuYeHbl. B yacTHOCTH, HEMHO-
TOYMCJIEHHBIE UCCIEN0BAHUS TEPMUUYECKUX CBONUCTB
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Puc. 1. MIamenenue maccel obpasua Y gCaj ,BaCozFeO;  § B mpoliecce TepMOLMKIMPOBaHKs Ha Bo3yxe B uHTepBase 350—580°C B
3aBUCHMOCTY OT BpeMeHH SKCIIEpUMEHTA (a) U TeMITepaTypbl 0Opasiia (6): IycTble, TI0Ty3alloTHeHHbIE 1 3aII0IHeHHbIE CUMBOJIBI CO-
OTBETCTBYIOT CTa[I1sIM IIEPBUYHOTO HarpeBa,/OX/IaKIeHNs!, TePMOLIMKIIMPOBAHMS 1 3aBEPLUIAIOLIETO OXJIAXKIEHHUS COOTBETCTBEHHO.

TMOKa3bIBAIOT, YTO BapHalli HaplMaIGHOTO JaBJICHUS
KHCJIOpOIa B Ta30BOM Cpelle OKa3bIBAIOT CYIIIECTBEH-
HOE BJIMSTHHME Ha COPOITMOHHOE MOBEAeHNE, YTO OT-
paxaeTcsl B U3BMEHEHUSIX AUHAMUKU TIpoliecca copo-
U1, MAaKCUMaJIbHbIX 00BEMOB TOMIOIIEHHOTO KHC-
JIopona 1 (pa30BOM CTa0MJIBHOCTHA MaTepHaos [ 18, 21].
Mexmy TeM, B IPaKTUYECKOM OTHOIIEHWH WMEHHO
TOBEJCHUE TIPY HarpeBaHUM Ha BO3MyXe MpencTaB-
JisieT HauoOoJbluit nHTepec. [To3TOMy OCHOBHBIE
YCWIINS B TaHHOM paboTe ObUTM HAaMpaBJICHBI Ha BBISIB-
JIeHre 0COOGEHHOCTEI KMCIIOPOTHOTO 0OMEHa TBEPIBIX
pactBopoB Y, _,Ca,BaCo, _ ,M,0; , 5 B arMOchepe
BO3yXa. YCTaHOBJIEHO, YTO YaCTUYHOE 3aMelleHNe
Y u Co Ha Ca u Fe coOTBETCTBEHHO ITPUBOAUT K CME-
IIEHUIO TPaHUIl KUCJIOPOIHON COpOILIMU B CTOPOHY
TMOBHITIIEHHBIX TEMIIEPATyp M, TAKMM 00pa3oM, I03-
BOJISIET JOCTHUYL OONBINNX BEJIWYMH KHUCIOPOTHOMN
€MKOCTH B YCIIOBUSIX TEPMOIIMKIMPOBAHMUSI.

OKCITEPUMEHTAJIbHAA YACTb

s cunresa okennos Y, _ Ca,BaCo,_ M, O; 5,
rie M = Fe, Ga u Al, OblJI UCIIOJIb30BaH 30J1b—TIeJIb-
mpoliecc. B KauecTBe MUCXOMHBIX PeareHTOB MpUMeE-
HSUTUCh OKCUIBI U KapboHaThl Y,0;, CaCO;, BaCO;,
Ga,0; kBamdukamu “oc. 4.”, MOPOIIKUA KapOo-
HWJILHOTO XeJjie3a U KoOaibTa, a TakxKe MeTalnye-
ckuit amomunuii (ITABY). Ilpouenypa u yciaoBus
CHHTe3a NoAPOOHO oIurcaHbl B padote [21]. 3akiio-
YUTeIbHasA TEpMOOOPaObOTKA MPOBOAUIACH TIPU TEM-
neparype 1150°C ¢ mocaeayoinM OBICTPBIM OXJIa-
XIeHUEeM 10 KOMHATHOM Temmeparypsl. danee 00-
pas3ipl ITOABEPraid TepMOOOPabOTKEe B TOKE aproHa
ipu 600°C B TeueHue 5 4. [[ppuMeHeHMe TaHHOM TTPO-
LHeAypbl MO3BOJISIET YIATUTh U3OBITOK CBEPXCTEXMO-
METPUYECKOTO KUCIOPOAa U MOJyYUTh 00pa3iibl, CO-
OTBETCTBYyIOLIME cocTaBy 7 + & =7 + 0.05[12, 22, 23].

HEOPTAHUYECKUWE MATEPUAJIbL

st (pazoBoro aHaimsza U CTPYKTYpHOI1 aTTecTa-
1IM1 00pa3110B UCIOJIb30BAJIU TTOPOIIKOBbBII PEHTIE-
HoBckuil nrudpakTomerp Shimadzu XRD-7000 ¢ dpo-
KycupoBkoii o bparry—bpentano (CukK, -usnyue-
Hue, 20 10°—-90°, mar ckanuposanus 0.03°, BpeMmst
BBIIEPXKKU 5 C). YTOUHEHUE CTPYKTYPHBIX MapaMeT-
pPOB MPOBOAMWIU C MPUMEeHEeHUeM MeTtona Putsenbaa
(mporpammHsIii makeT FullProff2016 [24]).

IIpoirecch KMCIOPOTHOTO OOMEHa M3yJaail METO-
JIOM TepMOTPAaBUMETPUHU C TTOMOIIIBIO TEPMOaHaTN3a-
topa Setaram Evolution-7000. McciaenoBaHus poBoO-
TN ¢ UCTIOB30BaHUEM AUCITEPCHBIX 00pa3IioB Mac-
coit 175 + 25 Mr nmpu CKOpOCTH BO3IYIITHOTO ITOTOKA
20 cm?/MuH.

PE3VJIBTATBI U OBCYXIEHHNE

[Monyyennsie o6pasusl YBaCo,0O-, Y, Ca, ,Ba-
Co0407, Y 3Cay,BaCo;3M(,0; n Y,3Cay,Ba-
Co;Fe, M, ,0,, tne M = Fe, Ga u Al, aBasitotcs ofi-
Hoda3HBIMU OKCUIAMU C TeKCArOHAIbHOI CTPYKTYPOIi
(11ip. Tp. P6ymc). YTOUHEHHBIC CTPYKTYPHEIE TTapaMeT-
pbl 00pa310B, MOABEPTHYTHIX MOCT-CUHTETUUYECKOM
TepMOOOPa0dOTKEe B Ar, XOPOILIO COIIACYIOTCS C pa3-
HUILIe MIOHHBIX PaayCcoB ToHaHTOB (Taoir. 1). st u3y-
YeHUs1 00paTUMBbIX IPOLIECCOB BBIAEIEHUS U MOMIOIIE-
HMSI KUCJIOPOJIAa UCTIONB30BAIM HUKINIECKUI MPOTO-
KOJI HarpeBa/oxJIaXaeHusI co CKOpocThio 2°C/MUH B
uHtepBane temieparyp 350—580°C. Bce uccieno-
BaHHBIE 0Opa3libl XapaKTePU3YIOTCS CXOKUMMU TIPO-
GWIsIMU TMKIMPOBaHUS, TPUMEP KOTOPOTO ISl 00-
pasua Y, 3Ca,,BaCo;FeO; , s npuBeneH Ha puc. 1.

Ha tepmorpaMmMax MOXHO BBIIEITUTh TPU CTAIUM,
BKJII0OYasl IepBOHaYabHbINA HarpeB 10 580°C, Luk-
JupoBaHue B auamnazoHe 350—580°C u 3aBepiiaro-
Iee oxJIaXXIeHNe 0 KOMHATHOM TeMIlepaTypbl. Ha
aTarne nepBOHAYAILHOTO HAarpeBa, OTMEUYEHHOTO He-
Ne 10
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Ta6auna 1. YToyHeHHbIe TapaMeTpbl AJIEMEHTApHOM siueiikul (1p. rp. P63mc) amnst ob6pasuos Y, gCay,BaCoy M, O7 4 5
(M = Fe, Ga, Al) B 3aBUCUMOCTH OT TEPMUYECKOU MPEeabICTOPUN

O6paszer; E;E;ﬁ::gg;’; a, A e, A v, A3 R, % R,,, %
YBaCo,0, Ar, 600°C* 6.2975(1) 10.2276(2) 351.27(1) 6.59 9.52
Bozmyx, 580°C** 2.2926(1) 10.2455(2) 351.34(2) 6.06 8.02
Y, 3Ca; ,BaCo,0; | Ar, 600°C 6.3060(1) 10.2300(1) 352.30(2) 7.85 10.8
Bosnyx, 580°C 6.2948(1) 10.2433(2) 351.50(2) 6.68 8.94
Y, 3sCa, ,BaCo; gM; ,0O4
M =Fe Ar, 600°C 6.3150(1) 10.2510(3) 354.04(1) 7.43 9.31
Boznyx, 580°C 6.3031(1) 10.2570(2) 352.91(1) 5.82 7.63
M = Ga Ar, 600°C 6.3125(1) 10.2473(2) 353.62(1) 7.06 8.67
Bozmyx, 580°C 6.2992(1) 10.2496(2) 352.21(1) 6.76 8.78
M=Al Ar, 600°C 6.3038(1) 10.2356(2) 352.24(1) 7.28 9.44
Bosnyx, 580°C 6.2927(1) 10.2349(2) 350.98(1) 6.56 8.73
Y, sCay ,BaCosFe, sMe( ,04
M = Fe Ar, 600°C 6.3243(1) 10.2789(2) 356.05(1) 6.52 8.78
Boznyx, 580°C 6.3163(1) 10.2863(2) 355.40(1) 6.06 8.00
M=Ga Ar, 600°C 6.2365(1) 10.2795(2) 356.31(1) 7.27 9.37
Boznyx, 580°C 6.3151(1) 10.2785(2) 354.99(1) 6.88 9.13
M=Al Ar, 600°C 6.3163(1) 10.2638(2) 354.62(1) 7.83 9.85
Bosnyx, 580°C 6.3064(1) 10.2626(2) 353.46(1) 7.11 9.37

* [locTcuHTeTHMYECKAsI TePMOOOPaGoTKa B ToKe aproHa rpu 600°C B TeueHHE 5 U € MOCIEAYIONIMM GBICTPBIM OXJTaKICHUEM 0 KOM-

HATHOM TEMIIEPATypPHhI.

** TepMOLIMKJIMPOBaHMeE Ha Bo3ayxe B uHTepBae 350—580°C ¢ mocieayoimM MeIJICHHBIM OXJIAXKISHHEM 10 KOMHATHOM TeMIIEPaTyphI.

3aIlOJJTHEHHBIMM CUMBOJIaMU Ha puC. la, MOXHO BU-
IleTh HEOOJIBIIIOE CHIDKEHME MAacChl B MHTEpBaJIe 10
200°C, ykasbiBamolllee Ha ynajeHue MOBEPXHOCTHBIX
cop0OatoB. ITocnenyroinii THTEHCUBHBII HA0OP MaCCHI
¢ MakcuMyMoM B uHTepBajie 350—400°C cBs3aH ¢
WHTepKaISIINeil KUCIopoaa B CTPYKTYPY OKCHIA
Y,3Ca,BaCos;FeO; nu oOpa3zoBaHMEM CBEPXCTEXUO-
METPUYECKOTO cocTaBa Y,3Ca,,BaCo;FeO; ;5. [Ipu
nanbHelmeM HarpeBe no 580°C HaOMomaeTcss CHU-
JKeHMe Macchl 00pasiia 10 MUHUMAaJIbHBIX 3HAYEeHU A,
YTO COOTBETCTBYET BHICBOOOXKICHUIO IMTOTJIOIIEHHOTO
CBEepXCTEXMOMETPUYHOTrO Kucjiopona [13, 18, 22]. Ta-
KUM 00pa3oM, TPOCTENUIIINM BApUAHTOM peajiu3aliuu
npoliecca yaajeHUs1 KUCA0poaa U3 ra3oBOi Cpeabl
MOXeT OBITh BapHaITisI TEMIIEPATyPhI MEXIY CTATUSIMU
TTOIVIOIIEHMST ¥ BHICBOOOXKICHUS KUCIopoa. JlaHHbIi
mpoliecc ObLI peaJu3OBaH Ha CJEIYIOIIeM 3Tarie
TepPMOTPaBUMETPUIECKOTO IKCIIEPUMEHTa M 0003Ha-
YeH Ha puc. la Imojy3anoTHeHHBIMUA CUMBOJIAMMU.

BunHo, yro npu oxnaxxaenuu go 350°C Hab6aona-
eTCsl ITIOIJIOLICHUE KUCIOpOoAa, a IIpWM HarpeBe 10
580°C — BBIXOJ KMCJIOPOAA M3 KPUCTA/UTUYECKOIT pe-
IIETKU B ra3oByio da3y. [1pn mpakTudeckoM ImpuMme-

HEOPITAHNYECKHMWE MATEPUAJIBI

TOM 59 Ne 10

HEHUU BaXKHOI 0COOEHHOCTBIO UCCIEIyeMbIX MaTepU-
aJIOB SIBJISIETCS] pACXOXKICHUE TEPMOTPABUMETPUUESCKUX
KPUBBIX TOIIOIIEHUST Y BBICBOOOXIEHUST KUCI0POA.
OT1oT 3hPeKT XOpOoIIo HabIomaeTcs Ha puc. 16. Mak-
CUMaJTbHBIE 3HAYEHUS Pa3HULIbI MACCHI, JOCTUTHYTHIC B
XOJe MepBOHAYaILHOro Harpesa oT 25 no 580°C, Ha
puc. la mist Bcex oOpas3lioB MPEBBIIAIOT 3HAYCHMSI,
KOTOPHIE YIAJIOCh JOCTUYb B paMKax IMOCIEAYIOIIEeTO
LIUKJIMYECKOTO TePEKITIOUESHUST TeMIIepaTyphl MEXKIY
350 n 580°C. 3akiIOuYMTENIbHBIN 3Tal LUKJIMPOBa-
HUs, 0003HAYEHHBII 3aTTI0OJIJHEHHBIMU CUMBOJIAMU Ha
puc. la, orpaxkaet oxynaxkaeHue oT 580°C 1o KoMHar-
HoIf TemmepaTypbl. Ha manHOM sTare MOXHO Ha-
OsromaTh nmpoliecc opMUPOBAHUS CBEPXCTEXUOMET -
PUYECKUX COCTABOB, IJIe 3HAUeHUE KUCTOPOIHOM He-
CTEXUOMETPUU COOTBETCTBYET PA3HULIE MACChl Aml,,
n Haxomutcsa B uHTepBaie 0.1—0.2 mona O Ha ¢op-
MyJIbHYIO enuHuIly. [TomydeHHBIe 13 TepMOTrpaMM Be-
JIMYUHBI U3MEHEHUS MacChl 00pa3uoB Amy, Am,, Am,,,,
ToKa3aHbl Ha pUcC. 2 1 cyMMUpoBaHbI B Tad. I11. Cre-
JIyeT 3aMETUTh, YTO TEPMOTPaBUMETPUYECKIIE KPUBEIC
CYILIECTBEHHO M3MEHSIIOTCS TIPYU BapHaLUsIX XUMUUE-
CKOro coctaBa oOpasioB. Hammpumep, MakcnMaiibHOE
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Puc. 2. CpaBHeHUEe MaKCUMaJIbHbIX 3HAYEHUM M3MEHEe-
HUA Macchl Am Ha pasIUYHBIX 9Tarax TePMOLMKINPOBa-
Hus B uHTepBase 350—580°C g o6pasuos Y| gCag ,Ba-
Coy _ M,07 1 5, tne M = Fe, Ga u Al, a Takxe a1
YBaC04O7 +3 (YBC) n Y0.8C30'2B8C0407 +3 (YCBC),
STarnbl TEPMOLMKINPOBAHUS: Am — NEepBOHAYAIBHBII
Harpes oT 25 1o 580°C, Am — nepBblif UK, Amg,, —
3aKJII0YUTEIBHOE OXJIaXKICHHUE.

3HaueHue Am, = 1.45 mac. % B Xozie TIepBOHAYaTIbHOTO
HarpeBa ObUIO 3a(pMKCUPOBAHO IS HE3AMEIIEHHOTO
ucxonHoro kob6anetuta YBaCo,0O; ;. 5. 3ameuieHue
20% wvoHoB B ioapelieTke Y Ha Ca MPUBOAUT K CHU-
xxeHuto Amg o 0.79 mac. %. [1onydeHHBIE pe3ynbTa-
ThI XOPOIIIO COIJIACYIOTCS ¢ JaHHBIMU |14, 18].

Kpucrannuueckasi CTpykTypa coeiMHEH1 Ha Oa-
3¢ YBaCo,0O; hopmupyetcst yepeaoBaHUEM CI0XKEH-
HbIX u3 Terpa’sgpoB CoO, kpucrtamiorpapuieckux
CJIOEB ABYX TUIIOB, UMEHYEMBIX B JIUTepaType KakK Ka-
roMe- U TpUroHaJIbHBIN citou [25] (puc. 3). I1pu atom
1oHb! Y 1 Ba pasmeliieHsl B okTasapudeckux (V1) u ky-
ookTtasapuueckux (XII) mycTorax COOTBETCTBEHHO.

TYPKHWH u ngp.

M3BectHO, uTo B cTpykType YBaCo,0; [25] 66mbInast
YacTh MOHOB KOOAJIbTa HAXOMWTCS B COCTOSTHUU
OKUCIIEHUS 2+ 1 pacliojlaraeTcsl B TeTpasapax, obpa-
3yIOIIUX CTPYKTYpPHEIE ciiou Karome (puc. 4a). Ilpu
5TOM YeTBEPTh MOHOB KOOAIbTa, HAXOMSIINXCS B CO-
CTOSTHUY OKWCJICHUS 3+, 3aHUMAIOT ITO3UINH B CJIO-
SIX TPUTOHAJIBHBIX TTMpaMua. TakuM oGpa3oM, Han-
0oJiee BEpOSITHBIM PE3YJIbTaTOM TeTepOBaJ€HTHOTO
3aMelleHUS] UTTPUS KaJblieM SIBISIETCSI OKHUCJIEHUE
noHos Co?" [14] 1 nocTeneHHoOe 3aMoJIHEHNE CII0EB
Karome nosusapamu MoHoB Co®' (puc. 46). s
CpaBHEHUSI Ha pUC. 4B MpeENCTaBJIeH TaKXe COCTaB
CaBaCo,0,, B KOTOPOM TTOJIHOE 3aMellleH’e NOHOB
MOAPEIIETKY UTTPUS Ha KAJIBLIUI CITIOCOOCTBYET pa3-
MenieHnIo HoHOB Co*" B KaXXI0OM TPEThEM TETPABIPE
Co0O, karome-cios [26]. JlaaHbIit 3¢pheKT, COmpoBOXK-
JAIOLIMIACS CHIDKEHUEM KodecTBa MoHoB Co?t, koTto-
pble TIPUHUMAIOT HETOCPEACTBEHHOE yJacTUe B peak-
LIAY ITOIJIOIIEHUS KUCJIOPO/IA 13 Ta30BOI CPEIbl, TO3BO-
JISIeT OOBSICHUTh CHIKEHME MaKCUMAJIbHBIX 3HAYCHUIA
Am, st formMpoBaHHoro okeuna Y, sCa, ,BaCo,0; | 5
B CPaBHEHUWU C UCXOAHBIM KobaibThuToM YBaCo0,0; | 5.

Crenmyer Takke 3aMeTHTb, YTO BapualldM Itapa-
METPOB 2JIEMEHTApHOM STYeKU B Tab. 1 Hemocpen-
CTBEHHO OTpaXXaloT M3MEHEHWE SHEPIMU XUMUYe-
cKmx cBsa3eit. [1o3ToMy MOXHO OXWIATh, YTO TOTH-
poOBaHMeE NOJDKHO COMTPOBOXAATHCS M3MEHEHUSIMU He
TOJTBKO MHTEHCUBHOCTH ITMKOB COPOITNY/IeCOPOITNI
KHCITOpoaa, HO TaKKe X (hOPMBI M TIOJIOKEHMS Ha TEM-
TepaTypHoif mKajie. PaccMoTpuM B KadecTBe puMepa
¢parmeHTsl TepMorpamMm Harpesa YBaCo,O; . 5 u
Y, 3Ca,,BaCo,0; , 5 (puc. 5). [Ipu HarpeBe B UHTEP-
Basie 200—350°C o6pa3iibl MpaKTUYeCKU OTHOBPEMEH-
HO JOCTUTAIOT TOYKU MAKCUMAaJIbHOIO TMOIIOIIEHMS
kuciopona. [1pu nanbHeitiemM HarpeBaHUU KOOATBTUT
YBaCo,0; , 5 TOIHOCTBIO TEPSIET MOIJIOLIEHHBII KHUC-

Karome-cnoit CoO,

TpuroHaabHBINI
cnoit CoOy

Puc. 3. Kpucrammueckas ctpykrypa YBaCo,O5 1 ee a5ieMeHTHI.

HEOPTAHUYECKUWE MATEPUAJIbL
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YBa(Co?"),(Co*"),0,

Puc. 4. Monens kpucrauiorpaduieckoro ctpoeHust karome-ciosi CoOy B cTpykType okcuna YBaCo,O7 (a) (MHAEKCH

“p”

YKa3bIBalOT Ha CTPYKTYPHYIO MPUHAUIEKHOCTh MOHOB Co

HBIE TETPa3phl B KaroMe-cJiosix Ha puc. (0) u (B) ieHTpupoBaHbl noHaMu Co

3aMeLLaloLIEro UTTPUHA.

Jopon yxe nipu 380°C. B To ke Bpemsl, KHHEeTUKA Je-
WHTepKansauuu kuciaopona us Y,3Ca,,BaCo,0; ; 5
SIBIIsIeTCS 6oJiee MeIIEHHOM. DTO MPUBOINT K CIIBUTY
¢$pOHTa IEMHTEPKAISIIIMUA B 00J1aCTh 00JIee BEICOKMX
TeMITepaTyp 1 3aBepIIeHUIO IIpollecca JIUIIb ITPY Ha-
rpeBe 10 580°C (puc. 5).

OTMeueHHbIe U3MEHEHUSI XapaKTepa KMCIOPOIHOTO
0OMEeHa XOPOIIIO BOCITPOU3BOISTCS ITPU MOCIEAYIOIIEM
TEPMOLIMKJIMPOBAHUH U B X0€ (DUHATBHOTO OXJIaXIe-
HUs. BaxkHo Takske 3aMeTUTh, 4TO 3(P@PeKT “yruepxa-
HUS” KHACIOpoAa MPUBOAUT K TOMY, YTO, HECMOTPSI Ha
MEHBIIIYIO BETMYMHY TMKOBOI COPOLIMU, KUCTIOPOOHAS
€MKOCTb 3aMellleHHoro oopasua Y, Ca,,BaCo,0; . 5
TP TEPMOLIMKJIVPOBAHUU HE YCTYTIAeT U IasKe HECKOIb-
KO MPEBOCXOANT EMKOCTBb UCXOTHOTO KOOAIBTUTA.

Takum obpa3oM, Baprallii XMMHUYECKOTO COCTaBa,
BBI3BIBAIOILINE CABUT TEMIIEPATyPHBIX rpaHull 3¢ deKTa
MOIJIOIIEHMSI/BEICBOOOXKICHMSI KMCIOPOIa B CTOPOHY
OOJIBIINX TEMITepaTyp, SIBJISIOTCS BaXKHBIM (PaKTOPOM
moaudukanuu MatepuanoB Ha 6aze YBaCo,O,, oco-
OEHHO IS TIPWJIOXKEHUI, OpMeHTUPOBAaHHBIX Ha Ta-
30BbI€ Cpelbl C HU3KUM OaBJIeHHMEM Kuciopona. B
9TOM CBSI3U IIPUMEHEHME KAJIbLMS IJIST TOTIMPOBAHUS
UTTPUEBOI MOAPEIIETKY MOXKHO pacCMaTpUBAaTh Kak
TMEPCHEKTUBHBIN MOIXOM, MO3BOJISIOLIUIA HE TOJBKO
JIOCTUYb TTOBBIIIEHUS KUCITOPOIHOI €eMKOCTH B IIMK-
JIMYEeCKMX YCIIOBUSIX, HO M HECKOJIBKO YIYYIINTh KO-
HOMMKY COPOILIMOHHOTO IIPOIIecca 3a CYEeT YMEHbIIIE-
HUSI NOTPEOICHMSI TOPOTrOCTOSIIETO UTTPUSL.

IMoMumo MomudUKALIMY HOAPEINETKU UTTPHSI, 10~
MOTHUTENIbHBIE 3(M@EKThl MOTYT OBITh JOCTUTHYTHI
MpyY JONUPOBAHUU MOApEIIeTKN KobanbTa. Kak
MOXHO BUAETh Ha puUcC. 2, 3aMelllcHe KobaabTa Ka-
TUOHAMMU TaJUIUSI U aTIOMUHUS TIPUBOIUT K YMEHb-
LIEHUIO KUCJIOPOAHON €MKOCTU B CpaBHEHUU C 00-
pasuoMm Y, ;Ca,,BaCo,0; ; 5 Kak B X0Oe TEPMOLMKIU-
pOBaHUS, TaK U TIPU 3aKIIOYUTEIEHOM OXJIaXKICHUU.

HEOPTAHUYECKWE MATEPUAJIbI

TOM 59 Ne 10

V. Y. X
VAAAADA

Y, sCayg ,Ba(Co3§Co;

) (Co*).0, CaBa(Co§+C03+)K(C03+)TO7

(13t}

K’ "
K Karome- i TPHTOHAIILHBIM CIIOSIM COOTBETCTBEHHO); TEM-
, BosHuKaroummu ripu 20 1 100 at. % KanbLusi,

ITo-BuauMomy, 3To 0OYCIOBJIEHO 3aMeIlIeHEM NOHOB
Co*" B MO3ULMAX TPUTOHAJIBHOIO CJIOS, HE TTPUHU-
MAaIOIINX HEMOCPEACTBEHHOIO Y4acTUsl B Ipoliecce
KUCJIOPOAHOTO 0OMEHa, Y Cy>KeHUEM TeMIIepaTypHO-
ro MHTepBasia reTTepHoro npouecca. C apyroii cro-
POHBI, YaCTUYHOE 3aMelllcHIe KOOaIbTa HETOPOTUM
AJTIOMUHNEM MOXKET OBITb MOJIE3HBIM, ITOCKOJIBKY CO-
MPOBOXIAETCSI MOBBIIIEHUEM YCTOMYMBOCTU MaTe-
prana K pa3zoBoMy pasinoxkeHuIo [8§]. OmHOBpeMeHHO
JJaHHbIE pUC. 2 MTOKa3bIBAIOT, YTO YBEJIMYECHUE KOH-
LEHTpalM Kejle3a B MoApelleTKe KobalibTa G1aro-
OPUSITHO CKAa3bIBAeTCS Ha BEJIMYUHE KUCIOPOTHOI
€MKOCTU. DTO SIBIISIETCS CIICACTBUEM CABUIa TeMIIE-
paTypHBIX TPaHMII IIpoLiecca HOMTOIISHUS KUCIIOPOIA B

Am, %

]5 r Harpes 2°C/MuH
—0O—YBaCo407+5
—8— Y 3Cap ,BaCo407+5
Oxnaxzaenne 2°C/Mun

1.0 F YBaCo407+5

-~ 'Y[].xca()_zBaC0407+5

““““

300
Temneparypa o6pasua, °C

Puc. 5. TepMorpaMmbl, MoJIydeHHBIE B peXKMMeE HarpeBa u
TOCJIEAYIOIIETO OXIaxaeHus oopasuos YBaCo Oy 4 s
Y gCay,BaCo,0O7  § Ha Bo3myxe (CTpENKOi ykaszaH 3¢-
(exT cBura IeMHTEPKASILIMY KUCTIOPOJIA B CTOPOHY O0JIb-
LIMX TeMITepaTyp MpY 3aMELLEHUT UTTPUST Ha KJIbLIMIA).
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Puc. 6. CiekTpbl peHTTeHOBCKO nudpakuuu 11 oopasuos YBaCo,O5 4 5 (a) n Y gCa\ ,BaCo407 . 5 (6) nocie 3aBepiueHust
TEPMOLIMKJIMPOBAHNUS 1 OXJIAKIEHNsI; HAa BCTaBKaX MTOKa3aHBbl yBeJIMYCHHBIC (DParMeHTs! 1U(PAKTOrPAMM B 0OJIACTH OCHOB-
HBIX IMKOB F'€KCArOHAIIHOM CTPYKTYPBI (P63mc) 63 BUIMMBIX CJI€I0B PACIICIUICHUSI.

CTOpOHY OoibMX TemIreparyp [14, 17]. B memoMm, mo-
BBILLIEHUE TEMIIEpaATyp MOMIOIEHUS KMCI0pOJa Mpur
YaCTUYHOM 3aMeIIeHUN KOOaJIbTa Ha KeJIE30 MOXKET
paccMmaTpuBaThCsl Kak LeHHbIN 3(h¢heKT ATl UCTIOb30-
BaHUS TPU LIMKIUYECKON OYMCTKE Ta30BbIX CPENl OT
KMCJIOPOAa, TTOCKOJBbKY HECKOJIbKO 0oJiee BBICOKME
TeMIlepaTypbl Hauajia mpoliecca MO3BOJISIIOT JOCTUYb
TOTJTIOMICHUST OONMBIINX OOBEMOB KHMCIOpOAa IpH
OXJIAXKAECHWU.

JndpakrorpaMMbl 00pa3oB MOCE 3aBEPIICHUS
TEPMOLIMKJIMPOBAHUS U OXJIAXKICHUS JEMOHCTPUPY-
IOT HaGOp MUKOB MCXOTHOM CTPYKTYpPhI CBEIEHOOD-
ruTa (mp. Tp. P6ymc) 6e3 HaIM4rsl CIemoB TIpuMeceit,
MPOOYKTOB PA3JIOKEHUSI WIM CBEPXCTPYKTYPHBIX pe-
dekcoB (puc. 6). DT0 yKasbIBaeT Ha CTPYKTYPHYIO
YCTOMUMBOCTh MCCIIEAOBAHHBIX OKCHUIOB B MPUHSTHIX
YCJIOBUSIX BKCIIEPUMEHTA U Pa3yIopsI04eHHOE COCTO-
STH€ aTOMOB CBEPXCTEXMOMETPUYHOTO KUCIIOPOAA.

SAKIIIOYEHHME

MeTomoM TepMOrpaBUMETPUMN UCCIEAOBAHbBI CBOM-
crBa obpasios Y, _ ,Ca,BaCo,_ ,M,0;, 5, tme M = Fe,
Gamn Al; 0 <x < 1, B IIporreccax KNCIIOPOTHOTO OOMeHa
TPpY TEPMOLIMKJIMPOBAaHUH B aTMocdepe Bo3ayxa. Bee-
JIEHUE TOTMAHTOB B CTPYKTYpY Kobanbtuta YBaCo,0,, 5
COMPOBOXIAETCS YMEHbIIEHUEM MacChl MOTJIOLIEH-
HOTO KHCJIOpOAa MpU MEePBUYHOM HarpeBe CTEXUO-
MeTpudeckux (& = 0) o6pasioB U OTHOBPEMEHHO
COCOOCTBYET cMellleHNI0 (DpOHTA NEMHTEPKAISAIIN
KUCJIOpOAa B 00J1aCTh MOBBILIEHHBIX TEMIIEPATYP.

Hannsbrii addekt, HanbdoJee BeIpaKeHHBII IIpY 10-
MUPOBAHUM KAJIBILIUEM U KEJIE30M, MOXET ObITh HC-
MOJIb30BaH IS TTOJIyYEHUSI TEPMUYECKU YCTOMUMBBIX
MaTepuasoB, 00J1aJal0IMX MOBBIILIEHHON KUCIOPOI-
HOI €MKOCTbBIO MPU TEPMOLIMKIUPOBAHUU B UHTEP-

HEOPTAHUYECKUWE MATEPUAJIbL

Basie 200—580°C, n pa3pabOTKU TEXHOJOTUIA YTUIN-
3aIllM COPOCOBOTO TEIUIA XMMUIECKUX, METAJLTyPTH-
YECKUX U APYTUX BBICOKOTEMIIEpATYPHBIX IPOLIECCOB
C OMHOBPEMEHHBIM ITOJTYYeHUEM 3allIMTHOTO a30Ta.

PMHAHCHUPOBAHUE PABOThHI

Pa6ora BeImosTHeHa nipu TTomaepxkke Poccuiickoro Ha-
yuHoro ¢oHna (rpaHt Ne 22-19-00129).
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