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' B3AMMOJIEIICTBHE C BOTOPOJIOM MHTEPMETAJIIMYECKIX
COEJMHEHHI P3M C AJIOMUHUEM

MeTomamu pemrrenorpadmaeckoro u puepeHnHanbEOr0 TePMHIECKOro
aHaNM3a HMCCIENOBAHO B3aHMMOJICHCTBHE C BOJOPOAOM HHTEPMETANIHIECKIX
coenuuenmit (MMC) Ln, Sc, Y ¢ amoMunzeM B IIHPOKOM HHTePBAJe TeMIIe-
paryp E pasienmit (Ln—Ce, Pr, Ho, Er). O6uapymeno, gro opm 300°C u
70 atm Bce IMC or cocraBa 3:1 mo 1:1 mperepmeBaiT peaKUIO rajgpore-'
monm3a ¢ obpasoBammem OmHapHoro rmapmga P3M. B ciryzae MMC wmrrpusa
# ErsAl, BTODEIM IODOJYKTOM DeaKIHH ABIAETCS aloMUHEA. [l OCTATbHBIX
coefEEeHRH peakmua rmaporenonnsa mpu 300° G composorkAaeTcs o6pasona-
gmem UMC cocraBa LnAl,. Ilpu KoMHATHO{ ¥ 0oee HU3KHX TeMIepaTypax
(=78+25°C) MMC CesAl, Y;Al, Ho,Al m Er:Al 06pas3ynT peHTreHoaMopQ-
mrie ranpunesie @aser. YIMC PrpAl B 9TOM TeMmepaTypHOM HHTEpBaJe Lpe-
TepIeBaeT DEAKIUI0 TUAPOTeHOIU3a ¢ 00pasoBaHHEM PrH; u PrAl,. IMC
Y:Al,, HosAl, u Er;Al; m npu —78° G ¢ BOJOPOOM IPAKTHYECKH HE B3aXMO-

© [eHfCTBYIOT, a IPM KOMHATHOI TeMIepaType O9YeHb MEJJIEHII0 IPOTEKAeT pe-
o AKIUA THAPOreHoaus3a ¢ obpasosanmem LnHs.

. B mHacrosmee BpeMs MHTEPMETALINYECKAE COCIUHEHUSA M CILIABEI PENRO3e—
MeJbHBIX METaJLIOB HAXOAAT LIMPOKOE IPHMEHeHHe B KavecTBEe BeIIeCTB VA
_akkymyiauposamma Bojopora [1, 2]. Ommako BsammopeucTBHE C BOMOPONOM
HMC P3M ¢ amommrueM OpakTHYecK: He mayueHo. Tak, B paGore [3] mo-
asamo, 4T0 CIIaB Lepusa ¢ 6,4 ar.% amommEEA OpH 20—1100° C morxomaer
CPABHEHHIO C 9YHCTHIM IlepHeM MeHbIlee KOJIMYEeCTBO BOMOPOAA. B pabore
] mcciemoBaoch B3aHMOleHCTBAE CINIABOB IEPHA, COJEpPrHamiux 5, 14, 20
4,9 ar.% amomuzEEs, ¢ BomopomoM mpm Temmeparype 20°C m armocdep-
HOM JIaBIeHNE, ABTODH 0GHADYMRIINIE, 9TO CILIaBHI, cofep:kamue o 20 ar. %
MEHHSA, TOTIOMAIT GoNbilee KOAMYeCTBO BONOPOAA, WeM B Iepeciere Ha
THIH TepHil, I HA 9TOM OCHOBAHMHE JEJIAI0T BHIBOJ O BOBJIEUSHMU AIIOMIHUA
nponecc ruppuposanua. Ha TepMorpamMmax pasiOiKeHHMs TPOAYKTOB TIIpI-
BaHWsA, NONyYeHHbIx B [4], HaGmopaerca sk309QQPeKT mpn 210—230° C, xo-
TOPEI GBI OTHECEH K CTAaJUE BBIJIEIEHNs BOIOPO/a, CBA3AHHOIO C ATIOMAHIEM.
“comanenuio, B padore [4] cocTaB HCXOJHBIX M IOJYYEHHLIX IOCJIE THJPH-
POBAHWSA BEIIECTB He HAEHTHQUIMPOBAICA METOOM DEHTreH0(asoBOro ama-
M3a, 4TO 3aTPYIHAET MOHHMAHME MOJNHOH KAPTHHBEI IIPeBPAILEHUI, IPOMCXO0-
JANEX IpH THAPAPOBAHUE CIUIABOB CHCTeMBI HMEpHil — amoMuHMII.
~ Iexpio macTosmeii paGoTHl ABHIOCH BBLACHEHHE 3aKOHOMEDHOCTEil THIpI-
oBaEmsa MUMC P3M c anoMuEzEeM B IMHPOKOM HHTepBaje TEMIEparyp X [aB-

PE3YJBTATHI 1 UX OBCYEJIEHUE

. Oopasupr IMC roToBmin coiaBleHHeM LIAXTH M3 MCXOJHBIX METAJIOB Ha
_MeJIHOM BOJIOOXJIAKA2EMOM IOAY B BIEKTPOJyrOBOH Imed:n ¢ BOIb(HPAMOBBIM
~ HEPacXojyeMbIM DIEKTPOZIOM B arMocdepe OYMINEHHOTO aproHa. Cocras o6pas-
T0B KOHTDOJMPOBAIN IOBTODHBIM B3BELIMBAHKEM H MeETOJOM peurrenodaso-
Boro amanmsa (P®A). 'omoremmsupyromuii oT:Kur o6pasijoB OPOBOJUIA B 3a-
‘MAgHEBIX BAKYYMEDOBAHHBIX KBapuesbix ammyiax B Tederme 300 a ¢ mocie-
- IyIolmeil 3aKaJKO0i B X0IOTHOH Boje. PerTrenoasoBrlil aHaIns, MPOBe/Ie HHBIH
‘Ha pugpaxromerpe [JPOH-2 (Cu K.), moxagan IONHOE COOTBETCTBHE PEHTIe-
 Horpagmuecknx xapakrepmermk momyderHsix MMC ¢ mammeivm [5]. Cxema
YCTaHOBKHM THJPMPOBAHHEA M METOAMKA DKCIEDHMEHTA ONUCAHBI B pabore [6].
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B TIepBYIO Ovepens obpasyercs aza MeTaLIIIECKOro IIOMAHUA, a BO3MOM- |

‘pomom

Tabauyq 1

Baaumogeiicrene IMC amovuanA 1 P3M ¢ Bomopomom
— 1
H/MUMC npu
Hurepae- " yeaosun mpo- | Gonepixanme I/MC B @ i
Nermo Tame- e!v/mepa'rypf\ TEKAH I pe- uoxoptgna IPOAYKTAX a30BBIii cocTar
i croe coe- | THADUPOBA KU TT0 (mace. %) B rugpupo- [ HTPOLYKTOB rmApu-
TrdeHne Hud, °G YpaBHEHIIO NponyKrax BaHUA DOBaHUA
y (1) THIPMPOBAH ST
1 CeaAl 300 5-7,5 1,6 7.5 Cels, CeAl,
25— —178 1,9 8,4 amopdras daza
2 Y,Al 300 4—6 1,6 5,5 YH;, Al
25— —178 1,3-1,4 4,5—4,1 amMopuas dasa
3 Pr,Al 300 3-45 1,4 45 ¢ | PrHj, PrAl,
i 25— —78 1,4 44—43 | PrH,, PrAl,
4 HoAl 300 3-4,5 1,2 44 HoHs, HoAl,
25— —178 13 4,6—-4,2 | amopdmas daza
5] ErAl 300 1,2 45 ErH;, ErAl,
25— —78 | 3-4,5 1—-11 4,742 | amopduas dasa
6 Y,Al 300 6-9 2,6 84 YH,, Al
25 4—6 1 3,2 Y;Al, Y:ALH,
=178 He pearupyer
7 | HosAl, *300 4—6 1,0 5,8 HoHs, HoAl,
25 0,3 1,7 HOgAlz, HOgAlex
—78 He pearupyer
8 Er;Al, 300 6-9 1,5 8,3 ErH,, Al
25 0,3 1,8 ErsAl, ErsALH, ’
+ =78 He pearupyeT
9 YAL 300 2-3 2,1 2,6 YH,_;, Al
25 1-1,5 1,2 1,4 YH,_3, YAL
: 178 He pearupyer
10 CeAl 300 1,0-1,5 0,3 14 CeHjs, CeAl,
25 1,0-1,5 0.8 1,3 CeHs, CeAl,
-78 1,0 1,7 CeAl,
11 PrAl 300 1,0—-1,5 0.8 1,3 PrHs, PrAl,
25 1,0-1,5 0,7 1,2 PrH;, PrAl,
—78 1,0 1,6 PrAl,
12 Scal 300 1,0 1,2 0,9 ScH,, ScAl,
25 1,0 11 0,8 ScH,, ScAl,
-78 HE pearupyer

‘Tepmorpaduueckuit amamms THAPUNOB MPOBOJMICA ¢ OTHOBDEMEHHOH 3aImChiof
Tasopoinenenna. CropocTs HarpeBr ofpasma cocTaBisia 5—7 rpajg/MumH. 3

PesyapraTsr ucciefioBaEnA B3aumMofieicTBuA ¢ Bomopomom MMC P3M cf
QIOMIHIIEM B HHTepBaJle TeMmeparyp — 78--300° C npuBefensl B Tabx. 1. Pac-§
CMOTPUM TOfIpo0Hee ocobennocTn IPOTEKAHNA PeaKIUU TUAPIPOBAHAS JJIS U3Y-§
deHHbIX coefnmenni. [Ipm 300° C m 70 at™ Bce IMC or cocrasa 3 : 1 mo 1:1%
IDETEPIEBAIOT DPEaKNUI0 TEAPOreHONN3A C 06DABOBAHIEM OmEADHOTO rEApHA
P3M. B crysae IMC urtpus 1 Er;Al, BTopsiM npomyxroM peakimm sBisercs f
AMIOMUEMI. [l Bcex ocTalbHBIX COeTmHCHEI PeaKnua TIHAPOTEHOJM3a IIpH
300° C compoBosmmaercs obpaszoBarmem UMC cocrasa LnAl, m ommcersaeTcdt
Ypasuesmem (1):

EnAL fo
3—y

H,~ (2—z)LnH,_,+zLnAl, O |

rre O<<y<<{,

To obcroarenserso, wro MMC YAl 3 ommmume or mpyrmx coepummenui §
cocraBa AB; meycroftumso mpm BRIcOKmX TeMIeparypax B aTmocgepe BOIOpO- |
fa, HAMI OBLIO IIOATBEPIKIEHO HemocpeacTBenno. [leficTBUTENBHO, TIPH KOM- |
HaTHOI Temmepatype YAl, c BONI0OpozioM He B3amMopeiictByer, a mpm 200— §
300° C mporeraer peaxmus rufporenonmsa ¢ obpasoBanueM YH; m amommans. |
Ipomece rmaporenommaa Er;Al, mporexraer Gomee ciosxmo. Ipn TH/IPOTeHOIH3e, §
HO-BAJIIMOMY, BCJe/ICTBHE HAIMYASA B CTPYKTYDEe DTOTO COSNMHEHMS OTCHp KO- I
PoTkoii csazm Al—Al (2,45 A mo cpaBHeHHbO ¢ 2,86 A B pemerxe amommams) §

HOCTE o0pasoBammsa ErAl, JTEMATADYETCA KAHETHIECKIMHE 3aKOHOMEDHOCTIMI. |
IIpu xoMmatHOH ® Gomee HHBKHX TeMIepaTypax B3amMOJeHCTBEe C BOMO- -
YKA3aHHBIX COEIMHEHMH NPOTEKAET HECKONBKO WHATE. Tax, manpumep. §
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Pumc. 3
CesAl, Y.Al, Ho.Al, Er,Al npm —78--25° C u gasnenun 10—30 at™ oGpasyior
_ peETreB0aMop(HELIe TEAPHAELE a3k, 9T0 Hamboiee OTIETINBO BEIPAYKEHO [JIA |
- Ce;Al. Comepsranme Bomopoia B peHTreHoaMop@HEIX (Dasax IpeBBHINIAET pac- K
camrargoe o ypasaenuio (1). VIMC B aToMm TeMuepaTypHOM HHTEPBAJe peari- 5
| pyer ¢ o0pasoBammeM Tex ke HPORYKToB, ur¢ 4 upm 300° C: PrH; m PrAly; 1
UMC Y;AlL, Hos;Al, u Er;Al, mpr —78° C ¢ BumopofioM mpaKTHYeCKH He B3aH-

MOfleAicTBYIOT, a IIPH KOMHATHOH TeMIepaType O4YeHL ME[JIeHHO IPOTEKAaeT
pearnus TEApPOreHoamn3a ¢ o0pasosanmem Linlis,

B oramunme or apyrux IMC P3M c¢ azutommemeMm muas Lins;Al, B atux ycio-

Buax MeromoM PDA ymaercs sadurcmpoBaTh Hapamy ¢ mexomasiMm MUMC 06-
. Pa3oBaHWe IPOMEIKYTOYHON rumpumuoit ¢assr cocrasa Ln;Al,H,. ¢ meckonbko
PacIIMpeHHON PEIIeTKOR MCXO[HOTO COeMHEHUsS. Y BEIMYEHIIe BPEMEHE CHH-
' Tesa IPMBOJWT K DABIO;KEHHI0 mociefmed ¢ obpasosammem LnH,. :

-~ NMC cocrasa LnAl npn kommarroit Temmeparype, kak u npu 300° C, mpe—
_TepIeBAIOT PEAKINI0 THporemosim3a, mpmaeM YAl pearmpyer ¢ BOZOpPOIOM ¢
obpazosammem YAl,, mo-BmmmMoMy, ycToiiumBoro B armocdepe BOIOPOAA MpH
kommarHO# TeMmeparype. ScAl u YAl mpm —78° C ¢ BomopomoM mpakTwdIecKn
‘He BsamMmopeiictByior, a CeAl m PrAl mpm sToii Temmeparype MeIJIeHHO Tipe-
‘TEPHeBAIOT PEAKIHI0 THAPOTeHONM3a ¢ 06pa30BAaHMEM DEHTTeHO0aMODPQHOM rmj-
pupEOi dassl m Kpucrammmaeckoro LnAl,:

2LD.AIKP+.’IIH2—> (LnHz;\_) aMome-I_LnA]-z](p (2)

.- Penrremoamopduas rumpupmas $asa comepmuT BOAOPON B HECKOIBKO 60Ib-

IeM KONHMYecTBe, 4eM 3TO ciIemyeT u3 ypasmernus (1).

'(b PaccmoTpuMm mpomece TepMHYECKOTO PAas3lioskeBMsA IIOTYIeHHBIX THAPHUIHBIX
as. :

Ha tepMorpamme pasmoskerma perrtremoamopdroro CesAlH;. (pme. 1)

Habmogaercs sunoadderr upm 220° C. Ilo mammsim PDA, mpu sTOM mpoTeRaeT

Pearnums, onnchlBaemasn ypapHermeM (3):

2CesAlH;,,—5CeH,+CeAl,+3,4H, (3)
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omsercryomero UMC.

Hadmonaemsiii amosddert ma tepmorpamMme pasioxenmit Ce;AlHs,
JIAETCA CIAOYRHBIM H MOMKET PacCMATPMBATHCSA KAK DPe3yIbTHPYIOIIAH [UIA g
CKOJNIBKUX IpPOIECCOB, HANPMMED Kpucrauiasanus aMopgHoi ¢assr, Jecopon
BOJOPOa U T.JI., OPOTEKAIOIUX C IIOTJION[eHNeM HJIH BBIJeleHneM Temna. [
BHJMMOMY, IpeBpallleHue, CBA3AHHOE ¢ 00pa3oBaHMEM KPHUCTALIXIECKEX My
IYKTOB WM CONpPOBOMKIAiOI(eecs 9K303¢pderToM, m OBIIO OTHECEHO ABTOPAMHE py
6oTBl [4] K pas3NOKEHUI0 COeNHHEHWS, COMEP;KALIero BOMOPON X ATIOMWHR
Kax Bugmo m3 TepMorpaMMBI pasio;KeHHs, IpHBeJeHHOE Ha pmc. 1, mecopf:
U Bomopojia 13 pentreroamopdmuoil ruppunnoit dassl Ce;AlH,, matmmaery
¢ HEKOTOPBIM oOllepe;keHHeM COOoTBeTcTByIomero supoadderra. Ha pemtTreny
rpaMmax o6pasioB, y KOTOPHIX IIPOIECC PA3IOKeHHSA OBLI IPepBAH HPH

N

Tabauya 2
Pesymbrater JITA aMopdubix ruapuaHex $as
MaKCHMyMb;ABCbQ)eKTOB, °C
No m.m. Tunpun
9K30 " 9HAO 3HI0
1 Y,AIH, 5 ' 110 315 400
2 Ho,AlH, ¢ 130 280 420
3 Er;AlH, 115 285 410
4 CeAlH, ¢ 222 264
5 PrAlH,,6 210 270

gonpmnx rayounax mpespamenuii (190°C), mabGmiomaerca 00pasoBaHUE TOML
Ko paser CeH,_,.

Pentrenoamopdusie rugpmansie dassi Ha ocHoBe MMC Ln,Al (Ln — Ey
Ho, Y) mperepmesator nupoims mo uuoit cxeme. OOIImil BEI TepMOrpaMM pas
JIOJKEHUS STHX BOINECTB NpeCTaBieH Ha puc. 2. B Tabn. 2 OphBeIeHsI Tem
mepaTypsl MAaKCHMYMOB cooTreTcTByoOImX 3(pderros. ITo nammsiMm PDA, sx3es
adderr, nporexaroiuii 6e3 BEAEIEHAS BOJOPOAA, COOTBETCTBYET o6pa30BaHn
Kpucrajumaeckoii ruppupmoit dassr Tuma LnH,. Hexoropoe mecooTBercTBH
WHTEHCHBHOCTEH IuHME Ha AEQPAKTOTpaMMax JHATEPATyDHBIM [AHHBIM H HI
yOIUpeHHe CBUETeJbCTBYIOT 0 OOJNbINON fAe(eKTHOCTH CTPYKTYphl 06pasosa
eiica rumpupgHoil gassl. Jlanpueiiliee MOBBIIIEHNE TeMIEePaTyPhl IPUBOMHT
PA3I0KEHUI0 RPACTAINIECKOH THAPUAHOR (Pasbl, CONPOBOMKAAIONIEMYCSA IBYM
sugoadderramu. ITo mamapim PDA, nepserit sK03(PPeKT, TaK Ke KaK I B CIY;
vae Ce;AlHs ., sBuserca cyMMapEBIM 3P(eKTOM HECKONbKAX DA3IMIHBIX I
IieccoB, MPoTeKaInx B TeMmepaTypaom uaTepsane 190—250° C.

Bropoit sum0aherT cooTBETCTBYET DA3I0KEHHI0 TPUTHADHAA JAHTOHH
Jio murunpnga. VUETepecHo oTMeTuTh, uto rmuporenonus Y,AlH, s mpm mmpomr:
3e mpu Py,<<1 atM IHpoTexaer c 06pa3OBaHneM YAl, a me amoMuEHA, Kak
clIy4ae BRICOKHX JaBJeHUiA M TeMIeparyp. 3

Pasnoxenne penTremoaMoppuEIX THApUIHEIX (a3, 00pasyoIuXCcA IPH B3l
Mmopeiicrsun ¢ BogopomoM CeAl m PrAl, Taxxe mpoucxonut B ABe crapuu. 1lepd
BB BEI03PPerT (Tabm. 2, puc. 3), KAk M B TPEABIAYIIEX CIyYadX, CyMMa
‘HBIH, COOTBETCTBYET o6pa3OBaHmo rpucrammgeckoro ruapuga @ UMC LinAly
T BTOPOil — PasioKeHNI0 TPUTUAPLIA JTAHTAHIIA 0 JACHAPHNA.

Ilonyuennsie sKCOEPEMEHTAIBHBIE PE3YJILTATHI MO3BOJAIT BHECTH HEKOT
‘pHle yrouHeHusa B Kommenmuio rupgporenosmsa WMMGC, mocraroumO nonpoGHo
onucaEnyio B [8]. B MATKEX yCIOBHAX TH[POTEHONN3 MOMKET IPOTEKATh ¢ 00-
pasoBaEmeM penrtremoaMopdubix ¢as. B amopdmbIx (asax BO3MOKHO aHO-
MaJBHO BBICOKOE cofiepsanme Bopopona. [lmpomums pemrremoaMopdubix das B
-00ImeM ciiydae HOCHT CIOKHBIE XapakTep W HPOTEKaeT B IEPBYI0 0Uepenb de-
pe3 o6pasoBanne MPOMeRYTOIHBIX (a3, MPefIIecTBYONNX KPHCTAIIU3ANIE C0-
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