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AnHoTanus. l3ydeHa mocienoBaTenbHOCTh (Da30BBIX HpeBpamieHuil mpu kpucrammmsanuu SrysLagsFeMoOgs MeTomom
TBepAodasHEIX peakiuil. YCTaHOBICHO, YTO Ui d(G(PEKTUBHOr0O MUHHMU3HPOBAHUS BIUSHHS IIPOMEKYTOUHBIX MPOTYKTOB
peaKLiu 1eJeco00pa3sHoO MPUMEHATh NMPEKypcopbl U KOMOMHHPOBAHHBIE PEKHMBI HarpeBa. B pesynbrate ynanoch HOIyYdTh
omHo®basHEIH mopomok St sLagsFeMoOg.s ¢ Temmepatypoit Kiopn 450 K 1 ¢ Bemummoii mnamaramaennocty 40,9 A M*xr mpu
T="77 K B marautaom nozne 0,86 To.

KuiroueBble ci0Ba: mgepobiil pacmsop Geppomorudboama 1anmana-cmpoHyus, mepmocpasumMempuieckull aHams, peHmaeHoga-
306011l AHANIU3, CKOPOCHTb KDUCMALTUZAYUL, NOCTIE008AMETbHOCIb U CHIENeHb (PA306bIX NPesPaueHull, HaMAZHUYEHHOCHTb.

Jnst nutupoBanus: Cmenens (pazogeix npespaujenutl 8 YCi068Usax NOIUMEPMULECcKo20 CUHMe3d CIpoHYull-3aMeweHHo20 gep-
pomonudoama / M.B. Spmonny, H.A. Kananna, A.B. Ilerpos, C.K. Jlazapyk, A.B. Cemuenxo, JI. Canraa, C. Mynxmpmor //
IIpoGnems! ¢u3uky, MateMaTHku U TexHHKH. — 2024. — Ne 1 (58). — C. 57-62. — DOL: https://doi.org/10.54341/20778708_
2024_1_58_57.— EDN: QHXPQQ

Abstract. The sequence of phase transformations during the crystallization of Sr; sLa,sFeMoOg_s was investigated by the solid-
phase reactions method. It has been established that in order to effectively minimize the influence of intermediate reaction
products, it is advisable to use precursors and combined heating modes. As a result, it was possible to obtain the single-phase
Sry sLagsFeMoQy s powder with the Curie temperature of 450 K and a magnetization value of 40.9 A-m*kg™” at T=77 K in the
magnetic field of 0.86 T.
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crystallization rate, sequence and degree of phase transformations, magnetization.
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Beenenue

Bonpmioir mHTEpEC CHEUANMCTOB B OO0JIACTH
CHOMHTPOHUKH  BBI3BIBAIOT  TBEPIBIE  PACTBOPHI
Sr, «LayFeMoOg_s ¢ ynopsimoueHHON CTpyKTypoil
JIBOMHOTO TIEPOBCKHUTA. DTH MaTEpHabl XapaKTepH-
3YIOTCS BBICOKOM XHMHUYECKOW CTaOWJIBHOCTBHIO B
BOCCTAHOBUTENFHON aTMoc(epe, WMEIOT BBICOKHE

3HaueHus1 Temneparypsl Kiopu (420470 K), Bbipa-
JKCHHYIO CIIMHOBYIO ITOJISIPU3AIUIO AIIEKTPOHOB TPO-
BonuMocTH (mpubmmkatomrytocss kK 100%) u HU3KH-
MM 3HAQUYEHHMSMH YIPaBILSIFONIMX MAarHUTHBIX ITOJIEH
(B<0,5 Tn) [1]-[4]. UaTEpec k TakuM MaTepuaiaMm
00yCJIOBJICH WX YHHUKAIBHBIMH W BaXHBIMH IS
NPaKTHYECKUX  NPUMEHEHWH  MarHUTHBIMH U
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MarHUTOTPAHCIIOPTHBIMH ~ CBOWCTBaMH, KOTODEIE,
OJTHAKO, MOTYT Pa3IHYaThCs B 3aBUCHMOCTH OT CIIO-
c000B ux nomyueHus [4]-[8].

BaxxHpIME yclOBHEM i IPUMEHEHHUS OIpe-
JIEIICHHOTO MarHUTHOTO MaTephalia B yCTPOHCTBaX
MHKPORJIEKTPOHUKH SBISIETCS HI3KOE YIENBHOE CO-
MIPOTHBJIEHHE M BBICOKOE 3HaYCHHE TeMmepaTypsl Kro-
pu. B ciydae TBepmoro pactBopa Sr,.La,FeMoOg.s
0OHApPY)KEHO, YTO YBEIMYCHUC COJICPKAHUS KATHO-
HOB nanTana La®’, KOTOpEI 3aMeHseT AByXBaIeHT-
Hblit SI°7, IPUBOJUT K YBEIHUCHHIO KOHIEHTPALMH
JJIEKTPOHOB MPOBOJUMOCTH Ha ypoBHe Depmu, H,
coriacHo Mmojenu Pynepmana — Kurens — Kacys —
Hocugsr [9]-[13]. D10 00ycnaBiamBaeT pocT 0OMeH-
HBIX B3aUMOJICHCTBHIA, M, COOTBETCTBCHHO, YBEITITICHUC
Tc [9], [10]. O6Hapy>keHO, YTO HAUMEHBIIINM yIETEHBIM
conportuBieHneM obmamaet SrysLagsFeMoOg;s [11].
Crnemyer OTMETHTD, YTO JOTIOJHUTEIHHOE YBEIHYe-
HUE conepxkanus La B cocTaBe MaTepuana MpUBOIUT
K YXYAIICHHIO €ro TalbBaHOMAarHUTHBIX CBOMCTB.
310 O0OBACHIECTCS HANMYMEM METacTaOMIBHOCTH
MArHUTHOTO COCTOSIHUS, BBI3BAHHOW OHOBPEMECH-
HBIM COCYIIECTBOBaHHMEM (EePPOMArHUTHBIX W aH-
THQEeppPOMarHUTHRIX B3aumoxeicremii [14], [15],
YTO BIHSCT HAa TAKHE XaPaKTCPUCTHKH, KaK YICb-
HO€ CONpPOTHBIICHHWE, HAMAarHMYCHHOCTb HAaCHIIIe-
Hust, Temrieparypa Kropu u apyrue [9]-[13].

Baxnoii mpobiemoli B 00jacTH CIMHOBOH
AIIEKTPOHHUKH OCTACTCSI COBEPIICHCTBOBAHUE TEXHO-
JIOTHH TOJMYYEHUS KaueCTBEHHBIX 0Opas3IoB JBOIi-
HBIX MEPOBCKUTOB C BOCIPOU3BOJUMBIMH MarHUT-
HBIMH W TaJIbBAHOMATHUTHBIMH CBOWCTBaMH. Boib-
1I0€ BIMSHUE HAa CBOWCTBA JBOMHBIX IEPOBCKUTOB
OKa3bIBAIOT aHTHCTPYKTYpHBIC (KaTnoH Fe Ha Mecte
Mo u Hao6opoT) U Apyrue TodedHsle nedexTs! (Ku-
CIIOPOJHBIE BAaKAHCHHM M HMX ACCOIMATHI, MEXY3eJb-
Hble aedekTsl, Bakancud u T.A.) [16]-[19]. Tlpu
00pa30BaHUK TOYCYHBIX JE()EKTOB B JIBOWHBIX IIC-
POBCKHTaX KaTHOHBI JKeJie3a MOTYT HaXOAWUTHCS B
Pa3JIMYHBIX CIIMHOBBIX COCTOSHHAX: HU3KOCITIHOBOM

t5,€;, TPOMEKYTOUHOM t5,€, M BBICOKOCITHHOBOM

2
g

MOJIUHAMUYECKUX YCIOBUSAX MOXET OBITh pealin3o-
BaH CITy4ail, P KOTOPOM HUMEETCS CMECh BBICOKO-
r'0, MPOMEXYTOYHOTO U HU3KOT'O CITMHOBOTO COCTOSI-
Huil. Tak, cOriacHO NaHHBIM PEHTICHOBCKON (OTO-
JJIEKTPOHHOM crekTpockonuu, B Sr,La,FeMoOg.s
YCTaHOBJIEHO COBMECTHOE COCYIIECTBOBAHHE Kak
nenoyeunbix parmentos 30% (Fe’ —Mo’), Tak u
70% (Fe*" — Mo®") [23]-[25]. W13 aT0T0 ClIeayerT, 4To
BOKHEHIIMMHU TSI TIPUMEHEHHUsI MaTepuaia B Ipo-
MBIIIJICHHOCTH CBOWCTBAMH MOJKHO YIIPABJATDH ITY-
TEM KOHTPOJISl KOHIICHTPAIIUU TOUCUHBIX IE(EKTOB.
[Ipu aHanu3e HAKOIJICHHBIX NAHHBIX, IMOTYYCH-
HBIX PSIOM aBTOPOB, YCTAaHOBJICHA MHOTOCTAJIWH-
HOCTB TIpoliecca Kpucrammm3amuu Stp,La,FeMoOgs,
9TO OOYCJIOBJICHO CIOKHOCTBIO (Pa30BBIX MpeBpallle-
HUH, HU3KOW KUHETUKOW (ha3000pa3oBaHus U caaboi
[OJBIKHOCTBIO ~ KaTHoHOB ~ Feo' m Mo "

58

t;‘ge [20]-[22]. [Ipuuem, mpu onpeaeneHHBIX TEP-

[26]-[30]. B myOnmukammsix ecTh CBEACHHUS O MOIY-
YCHHUU JBOWHBIX MEPOBCKATOB MEXaHOXUMIUYCCKUM
METOJIOM C MOCJEAYIOIUM HCIOJIb30BAHUEM BBICO-
KOTEMIIEPaTypPHOTO CHHTE3a B BOCCTaHOBUTEIbHOM
ra3zoBoii cpeae [26]-[30]. B To sxe BpeMsi B BBINOJI-
HEHHbBIX HCCIIEIOBAHUSIX MPAKTHYECKA OTCYTCTBYIOT
CTPOTHE KOPPEJSIIUMH, CBsI3bIBAtON(Me (YHKIHO-
HAJIbHBIC XapPAaKTEPUCTHKH MAaTEPUAIIOB C HUX YCIIO-
BUSIMH TIONy4eHus. B atom ciywae, mist opmupo-
BaHMA oxHO(a3Horo mopomka SrysLagsFeMoOg;s ¢
BOCHPOU3BOJUMBIMU  (DU3MKO-XMMHUYECKHUMHU CBOW-
CTBaMH, HEOOXOJMM KOHTPOJb HAJ IMPOLECCaAMU
nedexroodpa3oBanus. ITo TpeOyeT aHanm3a ¢a3o-
BbIX IIPEBPALICHHUI, NPOUCXOSIIMX B MIMXTE, U
U3yYCHHUS KUHETUKU CTCIICHU MPEBPAICHUS IBOW-
HOTO MEPOBCKUTA B MPOLECCE €r0 KPHCTAIUIU3ALNH.
B cBs3u ¢ 3THM, 0c00YI0 3HAYUMOCTH IPHOOPETAIOT
UCCIICIOBAHNUs, HANIPABICHHBIC HA M3YYCHUE BBICO-
KOTEMIICPaTYPHBIX (ha30BBIX MPEBPAICHUNA U OIpe-
JICTICHUE COCTaBa MPOMEXYTOUHBIX KpHCTAJLIHYe-
ckux (a3 mpu cuHTese Sr;sLagsFeMoOgs. B Ha-
CTOSIIICH CTaThe OYAET YCTAHOBJICHA KOPPEISIMOH-
Hasl 3aBUCHMOCTb MEXIy CKOPOCTBIO (ha30BBIX Mpe-
BpaleHui u creneHn (pa3oBoro mpeBparieHus dep-
poMoiMOaTa JIAHTAHA-CTPOHIHUS, YTO IO3BOJIUT
OCYIIECTBUTh HANpaBJeHHOe H3MeHeHue (Ha30BOTro
COCTaBa CHHTE3UPYEMOW KEpPaMHKH C BOCIIPOHM3BO-
JUMBIMH (PU3UKO-XHMUYCCKHM CBOHCTBAMHU.

1 CuHre3, MaTepHaIbl H METOAbI HCCJIEN0-
BaHMA

J1s w3ydeHus TOCIeoBaTeIbHOCTH  (PA30BBIX
TPEBPAILCHNH B TBEPABIX pacTBopax Sty sLagsFeMoOg
5 13 IpeKypcopoB SrMoQy,, SrysLagsFeOs ucmons3o-
Banuch peakTuBbl La,0;, Fe,O; u MoO;, a Takxe
kapoonat crpoHnmsa SrCO; mapku «OCYy. [Tomon u
MepeMeIINBAHNE CTEXHOMETPHUECKON CMeCH HCXO-
HBIX PEareHTOB MPOBOJMIOCH B IJIAHETAPHOM LIapo-
Boi MenpHHIEe THIAa «PM 100» mpowmsBoacTea ¢up-
Mbl Retsch GmbH (I'epmanusi) B JKHIKOH cpene
(crtupt) B Teuenue 3 wacoB. [lomydeHHBIE CMecH Cy-
mumnuck npu Temneparype 350 K u npeccoBanuces B
Tabnetkn. OTXKUTH CMECH TPOBOJMIINCH B TIOJUTEP-
MHUECKOM pexkumMe mpu Temneparypax 300-1370 K B
notoke 5% H,/ Ar ¢ nocnenyromieii 3akaikol mpu
KOMHATHOH TeMIepaType.

®Da30BBIi  COCTaB TMPOAYKTOB TBepIodazHOro
CHHTe3a onpenersuics Ha qudppakromerpe PANalytical
Empyrean B CuKo-u3nyueHuu ¢ HCHOIb30BaHUEM
6a3e1 nanueix ICSD-PDF2 (Release 2000). qudpak-
TOTPaMMBI CHUIMAIIUCh TIPH KOMHATHON TeMITEpaType
co ckopoctbio 60 °/u B nuamasone yriaoB 20 = 10—
90°. AproH-BojopogHas aTMmocdepa co3aaBanach
MOCTOSIHHBIM TIOTOKOM apTOH-BOJOPOIHON cMecH
4yepe3 BBICOKOTEMIIEpaTypHyl0 Kamepy AntonPaar
HTK 1200N. DkcrnepuMeHTbI BBHIIOIHSUIMCH B TUa-
nma3one Temmepatyp 290-1270 K co ckopocThio Ha-
rpeBa 10 rpag/mun. [Ipu 3TOM Kakaas To4ka H3Me-
pslach IOCJIEIOBATENbHO 10 4 pa3a IpH JTOCTHXKe-
HUM 3aJaHHOM TeMmmepaTyphl (BpeMsl SKCIO3HIMU

Ilpobaemvr usuxu, mamemamuxu u mexuuxu, Ne 1 (58), 2024



Cmenenv ¢azoebix npespayenuil 6 yCio6Uax NOIUMepMUIecko20 CUnme3d CmpoHYuti-3ameiyenno2o geppomonuboama

2,5 muHyTHI). KommuecTBeHHO-(a30BEIi cOCTaB MPo-
JIYKTOB TBEpAO(A3HOTO CHUHTE3a M CTEICHb CBEpX-
CTPYKTYPHOTO YIOPSIIOYCHUS ONPEIENsUINCh HA OC-
HOBAaHUM JAHHBIX PEHTIeHOBCKOU mudpakimu (PDA)
C WCIONB30BAaHUEM IPOrPAMMHOTO  OOCCIICUCHHUS
POWDERCELL [31] meronom PutBenbaa.

Tepmudeckoe nosenieHHe 00pas3LOB HCCIEI0Ba-
JIOCH METOJIOM TEPMOTPaBHMETPUYECKOTO aHAIIN3a
(TT'A) Ha nuddepeHINaTEHOM CKaHUPYIOIEM Kajlo-
pumerpe Setaram Labsys TG-DSC16 B noroke apro-
Ha NP CKOPOCTH Harpesa 1,4 rpan / MuH.

Temneparypa Kropu onpenensuiach myTeM aHa-
JIM3a TEMIEPATyPHBIX 3aBUCHMOCTEH HaMarHHYEHHO-
ctu obpasna SrysLagsFeMoOg s TOHIEPOMOTOPHBIM
METOZIOM B nuarna3one Temrieparyp 77-800 K B npu-
JI0)keHHOM MarHuTHoM moJie 0,86 T, ¢ ucrnonp3oBa-
HHEM yHHBepcaJdpHOW ycranoBku PPMS mpowmsBon-
ctBa Cryogenic Ltd.

2 Pe3ysIbTaThI HCC/IE0BAHUS U HX 00CY KIeHHE

Ha ocHOBaHMHM HM3ydYeHUs TIOCIIEIOBATCIFHOCTH
(a30BBIX TpPEBpalleHWil MpH  KPHCTALIH3ALNU
Sty sLagsFeMoOg.s ycranoBneHo, uto cuHTE3 (ep-
poMoymbyiaTa JaHTAaH-CTPOHIMS B CMECH IPOCTHIX
OKCHIIOB TIPOTEKAeT dYepe3 psiI IOCIeI0BaTeIbHO-
nmapaJuienbHbIX cTaguid (pucyHok 2.1). Ha ocHoBanum
JIAHHBIX peHTreHOBCcKoW udpakimu 1 TI'A oOHapy-
JKEHO, YTO Ha HAYAJIbHOM JTare B3auMOICHCTBHUS 00-
pasylomumiics TBepAbIid pacTBop (eppomonmbdaara
JIAHTAHA-CTPOHIIUS OOOTAIIICH XKEJIe30M M €r0 COCTaB B
XOJIe PEAKIIMU MCHSCTCS B CTOPOHY YBCIUUYCHUS CO-
nepkaaust MommOaeHa. B wactHocTH, ipH paccMoTpe-
HUW JWHAMHKU (ha30BBIX MPEBPAICHUA OOHAPYKEHO,
YTO OCHOBHBIMH COIYTCTBYIOIIUMHU (ha3aMu TIPH KPH-
CTaJUTM3ALMH TBEPAOTO PACTBOPA ABOMHOTO MIEPOBCKHU-
Tta SrjsLagsFeMoOgs sBsmtorca  SrMoOg,  Srys
LaysFeO; (pucyHok 2.1).

JlaHHOE OOCTOSTENHCTBO YKAa3bIBACT, UTO ATH
COCIMHEHUS ABJSIOTCA CTPYKTYpOOOpa3yroIUMH
JUIS TBEPIOTO pacTtBopa (eppoMonmbraTa TaHTaH-
crponnusi. CTaHOBUTCS OYCBUIIHBIM, YTO JUIS IO-
BBIIIICHHUSI CKOPOCTH MPOTEKAHUSA (PU3MKO-XUMHYEC-
KHX TMPOIECCOB HEOOXOAMMO yMEHBIICHUE JHd-
(y3HOHHOTO IYTH IBIKCHUS HCXOJHBIX PEarcHTOB
B PEAaKIMOHHYIO 30HY 3a CUET YCTPaHEHHs IpoMe-
KYTOYHBIX MPOAYKTOB PEaKIHN MpU KPHCTAJIIH3a-
un. [loaromy sl yCKOpeHHs Ipoliecca CHHTE3a B
KayecTBE MCXOMHBIX PEareHTOB HCIOJIH30BAJIIChH
cioxkuble okcuapl StMoO, u SrsLagsFeOs. B pe-
3yJNbTaTe WCIONB30BAHUSA MPEKYPCOPOB  yIAlIOCh
CHHTE3UPOBaTh OJHOGA3HBIA PeppoMoInOaaT JaH-
TaH-CTPOH-IIUS 03 CBEPXCTPYKTYPHOTO YIOpsigoUe-
Hus (pucyHok 2.2) mpu 7'=1370 K B nmoroke razo-
Boit cmecu 5% H, / Ar B Teuenune 40 gacos, coriac-
HO CIEAYIOUIEN XUMUYECKON peakLuu:

SrMoO4 + SrO,SLa0,5FeO3 =
= Sr1,5Lao’5FeM006_5 + (05 +6/ Z)OzT

IIpu sToM BenmuuMHAa HamMarHW4eHHOCTH (M)
cocrasmsier 21,8 Am? k! mpu T'=77 K B MarHHTHOM
none 0.86 Tn, a Ttemmeparypa Kropu — 443 K
(BcTaBka Ha pucyHke 2.2).
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Pucynox 2.1 — PenrreHorpaMmsl 00pasios,
CHHTE3UPOBAHHBIX B HEIPEPHIBHOM ITOTOKE
5% H, / Ar u3 cTexuoMeTpruecKoi cMecH
UCXOJIHBIX PEAareHTOB
MoOs; + 0,25La,0; + 0,5Fe,05 + 1,5SrCO;
IPU CKOPOCTH Harpesa 1,5 rpaa / MuH B AnanazoHe
temnepatyp 300-1240 K ¢ nocneayromieit ux
3aKaJIKOW NMPU KOMHATHOM TeMIeparype
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Pucynok 2.2 — PeHTreHoBcKas audpakrorpamma
onHodazHoro odpasua Sry sLagsFeMoOg s:
CHHTE3WPOBAHHOTO M3 MPEeKypcopoB Sty sLaysFeO; u
StMoO, ipu 7= 1370 K B motoke 5% H, / Ar B
teuenue 40 yacos. Ha BcTaBke npeacrapieHa
TeMIIepaTypHas 3aBHCHUMOCTh HAMarHMYE€HHOCTH
MOJYYCHHOTO TAKUM 00pa3oM OJTHO(A3HOTO
obpasma Sty sLagsFeMoOg s

JUis onTUMH3aIMN PEXUMOB TOJXY4EHHUS O-
HoazHoro obpasua SrysLagsFeMoOg;s co cBepx-
CTPYKTYPHBIM yTIOpsiioueHueM KaTHOHOB Fe / Mo u3
MIPEKypCOpPOB OBUI TIOCTPOEHBI U IMPOAHATU3UPOBA-
HBI TEMIIEPAaTypHBIC 3aBUCMOCTH CTETICHHU (Pa30BBIX
MpEBpaIICHU B Mpolecce KPUCTAJUIM3ALUU JBOM-
HOTO TepPOBCKUTA (pUCYHKH 2.3, 2.4).

OOHapyKeHO, YTO C YBCIMYCHUEM TEMIIEPaTy-
psl Harpesa Beie 770 K nabiromaercs yMeHbIeHIE
AMIUTUTYTHOTO 3HAYCHHUS Olyay JJI1 OOOUX COCIUHE-
HUi SrMoO; u SrysLagsFeO;. Hammume Oomee
3HAYUTEJIBHBIX KUHETHUCCKUX TPYJHOCTCH TIPU pac-
TBOpeHrH SrMoQ, MOATBEPKIAIOT JaHHBIE MO TEM-
mepatypaM, IpH KOTOPHIX AMIUTHTYIHBIC 3HAUYCHHS
npousBogHON ctereHn mpeBparieHus (do / dT)yn,
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YKa3pIBAIONINe HAa MaKCHMAaJIBHYIO CKOPOCTH pac-
tBOopenus, Ha 100 K Beime, yem ansi coequHEHUs
SrosLagsFeO;. Ilpu paccmorpeHnu ckopocTeit pas-
JIOKEHUST OKCHJIOB 3aMEUEHO, YTO HAWOOJIBIINE 3HA-
yeHuss MUHUMYMa (do/ d7T)y, =—0,23 HabmrogaeTcs
st St sLagsFeO; mpu 7=1049K, a nng StMoO, —
(da/dTD)pmin=10,19 mpu T=1150 K (pucyHok 2.3).
DT0 yKa3bIBaeT Ha 0oJiee BRICOKYIO CKOPOCTh IPOTE-
KaHUS XHMHUYCCKUX MPOIECCOB C PaCTBOPECHUEM
SrosLagsFeO; mo cpaBHeHuto ¢ cutyanueil ¢ Mo-
muonaTtoM crpoHnus (pucyHok 2.3). Ha ocHoBaHuH
BBHIIIIC TOJNYYCHHBIX JaHHBIX CIEIAYeT, 4YTO JUIs
YMEHBIICHUS MpoIieccoB (hazoo0pa30BaHUsl U yBe-
JIUIEHUST CKOPOCTH PA3JIOKCHHS TPOMEKYTOYHBIX
npoaykros peakuuu SrMoO4 u SrysLagsFeO; mpu
KpUCTALIU3ALMU TBEpAOro pacTBopa Sty sLagsFeMoOgs
CJIeyeT YYUTHIBATh JUHAMHKY (a30BBIX MpeBpaIle-
HUI ¥ TPUMCHITh KOMOMHUPOBAHHBIC YCJIOBHS Ha-
rpeBa. Tak, B HH3KOTEMIIEpaTypHOW OOJIACTH, THE
OCYILECTBISACTCS 00pa30BaHKUE U POCT JBOMHBIX OK-
CH/IOB, CKOpPOCTh MOIBbEMa TEMIIEPATypHl CIEIyeT
HCTOJIB30BaTh MAKCHMATBHYIO, & B BEICOKOTEMIIEpa-
TypHOHW, TJe HaOIIomaeTCss pacTBOpeHue o0paso-
BaBIIMXCS MOOOYHBIX COCTUHEHUH, — HU3KYIO.
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Pucynok 2.3 — TemnepaTypHbIE 3aBUCHIMOCTH CTe-
MIeHH IPEBPAICHUS U UX IPOU3BOIHBIC IJISI COCIH-
Henuit StMoQy (@) u SrysLagsFeO; (6)

CornacHo manHbIM aHanm3a o = f(7) ycTaHOB-
JICHO, YTO MPH YBEIMYCHUEM TEMIIEPATypPhl CTCIICHb
npespamieHns Sty sLagsFeMoOgs yBennuuBaercs u
mpu T=1370K mocturaer MakCUMabHBIX 3HAUYCHUMA

60

o =100% (pucynok 2.4). IIlpu sToM B HHTEpBaie
temneparyp 7= 1060-1140 K nabmomaercs 3amen-
JICHHE CKOPOCTH POCTa JIBOWHOTO IEPOBCKUTA C Ha-
mrareM min | (do/dT) | mpu 1100 K, oGycnosnen-
HOE, CKOpee BCEro, YMEHbIIEHUEM KOA(PPHUITMSCHTOB
XUMHUYECKON TUPQPY3UN PeareHTOB B PEaKIMOHHYIO
30Hy (pucyHok 2.4). OOHapyXeHHOE ITO3TaITHOE
U3MEHEHne ckopoctu pocra SrysLagsFeMoOg;s ¢
MPUCYTCTBHEM IBYX MakcuMyMoB (max |da/dT|)
CKOpPOCTH M3MEHECHHS CTEIICHH MpeBpameHus (yHK-
mun Buga do/dt=A7) mpu T=1040K u 1160 K
COBIIAZIAET C TEeMIepaTypaMH MaKCHMAaJIBHOTO pac-
TBOpeHust SrosLagsFeO; m SrMoQO,, ycraHOBIEH-
HBIMU BBIIIIC.

B stoMm cirygae BeIABICHHBIN (pakT Oonee ObI-
CTPOTo BCTYIUICHHUS B peaknuio SrosLaysFeO; B 00-
JIACTH TEMIICPATyp CYIICCTBOBAHUS IIEPBOTO MAKCHUMY-
ma maxl|do/dT| ckopoctn pocra SrysLagsFeMoOgs,
CKOpee BCETO, CBSI3aH C peayM3aliield Takoro Mexa-
HU3Ma KPUCTAJUIM3AINH, TIPU KOTOPOM MUHUMH3H-
PYIOTCS KHHETHYECKHE TPYTHOCTH 32 CYET WHTCH-
CHBHOTO pacTBopeHus Sty sLagsFeOs, uto npuBogut
K YBEIHMYCHHUIO CKOPOCTH POCTa IBOWHOTO IIEPOB-
ckuta. Takoil 'kxe XUMHUYECKHH Ipolecc NMpH KpH-
CTAJUIM3AI[MM MarHeTHKa peann3yercs B obiactu
TEMIIepaTyp CYIIECTBOBAaHUS BTOPOTO MaKCHMyMa
max?2 | do/ dT | ckopoctu pocta Sry sLagsFeMoOg.s,
TOJIBKO TETEPh 38 CYET MHTEHCHBHOTO PaCTBOPEHHS
StMoO,. [Ipu 3TOM CKOPOCTH BCETO MPEBpAIICHUS
OIIPEACIATCS] CKOPOCTHIO B3aUMOJICHCTBHS PEarcHTOB
Ha IpaHulle pa3zena c 3epHaMu Sty sLag sFeMoOg.s.
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Pucynok 2.4 — TemneparypHbie 3aBUCUMOCTH
CTCTICHH MPEBPAILCHHS U €€ TIPOU3BOIHOM
Juia coeaunenus Sty sLag sFeMoOg s

Ha ocHoBaHWM BBIIIE TOMYYEHHBIX JTaHHBIX
JUIS TIONTyYeHHs OJHO(A3HOTO TBEPAOr0 PacTBOpa
OBUTH OMTHMHU3UPOBAHEI KOMOMHHPOBAHHBIC DPEXKH-
MBI HarpeBa:

— Ha TIEPBOM dTamne MPOU3BOIMICS TMPEIABAPH-
tenbHbIA cuHTe3 Tipu 7= 1050 K B Teuenune 20 gacos.
JanHas Temmeparypa Oplia BEIOpaHa B CBSI3U C TEM,
4TO MpH ee 3HaueHnM Habmonaercst min| (dov/ d7) | st
coemmHeHust Sty sLagsFeO;, a Taroke max| (do./ d7) | st
TBepaoro pactBopa St; sLagsFeMoOg s;
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— Ha BTOPOM 3Tare, Uil YBEINYCHUS PeaKi-
OHHOM CIOCOOHOCTH cMecH u UG HY3HOHHON TO-
BIDKHOCTH PEareHTOB, H3MENbYajcs 00pa30BaBIINii-
Csl CIIOM MPOMYKTa PEaKIfy, TOMOTCHH3UPOBAICA H
BBICOKAs TUCTIEPCHOCTh MIMXTHI JOCTHTAJIACh ITyTEM
TOHKOTO BHOPOIIOMOJIa B CIIUPTY B TE€UEHHUE 2 YaCOB;

— Ha TPETbeM JTare, ¢ MeIbI0 MaKCHMaJbHO
OBICTPOTO  Pa3lOKCHUS  IPOMEKYTOUYHBIX (a3
SrMo0O, u SrysLagsFeO; n noctkenus 3HaueHuil cre-
nienn npeBpameHnst o= 100% ms Sry sLagsFeMoOgs,
cuHTe3 ocymectBisuics npu 7= 1050 K B Teuenne
5 gacoB, ¢ nmocnenyomuM Harpesom ao 7' = 1150K,
TaK KaK B TaKHX YCJIOBHSIX OBUIM JOCTHTHYTHI Mak-
CHUMaJIbHBIE CKOPOCTH M3MEHEHHUS CTEIEeHHU IpeBpa-
IICHUS TBOWHOTO MEPOBCKUTA.

B pesynbrare BCmonap30BaHUS KOMOMHHUPOBAH-
HBIX pPEXHMMOB CHHTE3a YyIAJIOCh IONYyYUTH OIHO-
¢asznoe coequnenne Sty sLagsFeMoOg.s ¢ HammuneM
CBEPXCTPYKTYPHOTO YIOPSAAOYCHUS KATHOHOB XKeJie-
3a ¥ MONHO/IeHa, Ha YTO YKa3bIBAlOT PEHTT€HOBCKHE
pedaexcs (101) u (103) (pucyHok 2.5).
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Pucynox 2.5 — PentrenoBckas audpaxrorpaMma

o6pasma Sty sLag sFeMoOg.5, CHHTE3UPOBaHHOTO 13

npekypcopoB St sLag sFeO; u StMoO, npu
KOMOHMHHUPOBAaHHBIX PEXUMaX OTKHUTa U
3aKaJIeHHOTO IIPY KOMHATHOW TeMIIepaType.
Ha BcTaBke npezcraBiieHa TeMIepaTypHast
3aBUCHMOCTDh HAMarHMYEHHOCTH TTOJIyIEHHOTO
obpasma St sLag sFeMoOg.s

[Ipu >THX yclOBUSAX CHUHTE3a BETMYMHA HaMar-
HUYEHHOCTH coctaBiseT 40,9 AM kr' mpu T=77 K
B MarHuTHoM nozne 0,86 T, a Temneparypa Kropu —
450 K (BcTaBka Ha pUCyHKE 2.5).

3akinoueHue

Ha ocHOBaHMH H3y4YEHHS TOCIIEI0BATCILHOCTH
(ha30BBIX MPEBPAIICHUI TPH KPUCTAIUTU3AINN TBEP-
noro pactBopa SrpLa,FeMoOg s onpenenena MHO-
TOCTaIUIHOCTh MPOIECCa, YTO OOYCIOBICHO CIOXK-
HOCTBIO (ha30BBIX MPEBPALCHUN W3-3a MPOTCKAHUS
TOCJICIOBATEIbHO-TIAPAIIICBHBIX XMMHUYECKUX pPe-
aKIUil U HU3KOW KUHETHKH (hazooOpasoBaHus. Yc-
TAHOBJIEHO, YTO JJI MHHUMHU3AIMH KUHETUYECKUX
TPYAHOCTEH W  YBEIMYCHHS CKOPOCTH pocTa
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onHOoGa3zHOro QeppoMonndaaTa JaHTaHA-CTPOHIIHS
B Ka4yeCTBC HMCXOJHBIX PEareHTOB HEOOXOIUMO WC-
MONTB30BaTh MpeKypcopsl StpsLagsFeO; m SrMoO,,
Ha ocHOBaHMM HM3yuYeHHs TEMIEPATypPHBIX 3aBHCH-
MOCTEH CTereH! (Pa30BhIX MPEBPAIICHUN U UX TPO-
M3BOJIHBIX OBLIM ONTUMHU3UPOBAHBI KOMOMHUPOBAH-
Hble PSXKHMBI HarpeBa. B pesysbraTe HCIOIb30Ba-
HUsI KOMOMHUPOBAHHBIX PEXUMOB CHHTE3a YJallOCh
noay4uTs opHodasHoe coeaunenue Sty sLagsFeMoOg.s
u3 mpekypcopoB StgsLagsFeO; u SrMoO, ¢ Temre-
patypoii Kropu 450 K, BennumHoli HamMarHW4eHHO-
et 40,9 Av?xr pu T=77 K B MArHUTHOM M0NIE
0,86 Tm 1 ¢ HaMMYUEM CBEPXCTPYKTYPHOTO YIIOPSI-
JIOYEHUST KATHOHOB jkele3a U Moo eHa (82%).
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