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TBEPJABIE PACTBOPBI U AMOP®HBIE CMECH
B OBJIACTU CTAHHU10OB HUOBUA

AHHOTaANUA

YCTaHOBNEHO CYIIECTBOBAaHHE CTAOMIBHBIX TBEPIbIX PACcTBOPOB M aMOpGHBIX cMecel B
JBOMHOM CHCTeME HHOOWH-OJIOBO B OOJACTH MHTEPMETAUTMUYECKUX COCTUHEHUN PaBHOBECHOM
IUarpaMMbl COCTOSIHMS. TBepable pacTBOpPBI CYIIECTBYIOT J10 KOHUeHTpamuu 26 ar.% Sn,
TeMriepaTtypHas rpanuna usmensiercs ¢ 650 go 400°C. O6nacte CyliecTBOBaHHsS aMOPQHBIX
cMecell HHOOMI-0J0BO mpoctupaercss 10 52-53 ar. % Sn, TemmnepaTypHas yCTOMYMBOCTh
CHUCTEMBI MpU 3TOM NoHmxkaeTcs 10 180°C.

KawueBble cjioBa: pacTBOphl aMOp(HBIC, CMECH HWHTCPMETAJUIMYCCKUE, JIHarpaMMBbl,
TeMIepaTypa.

Kinr ce3mep: epitiHauiep, aMOp(ThIK Kocmajgap, HHTEMETAIJBIK, JuarpaMmmanap,
TeMIepaTypa.

Keywords: solutions amorphous intermetallic mixture, charts, temperature.

[IpunsaTo cumTath, uTO (ha30BBIE AUATPAMMBI JBOMHBIX CHCTEM OIPEICISIOTCS TOJIBKO
(U3NKO-XMMUYECKMMH CBOMCTBAMH BXOJISIIMX B HUX KOMIIOHEHT, a 00JIaCTh CYLIECTBOBAHHS
(a3l Ha AUarpaMMe HE 3aBHCUT OT MOCJEIOBATENBHOCTU IMPEBpAILEHHH MpH ee 00pa3oBaHUM.
TpaauuoHHOE MOCTPOEHHE MOAOOHBIX OUArpaMM MpPEANoiaraeT OTCICKUBAHHE H3MEHEHUS
TEMIIepaTypbl MpHU TOCTOSHHONW CKOPOCTH HAarpeBa HIM OXJaXKACHUS 00pasloB, CMEUICHHE
KOMIIOHEHT B KOTOPBIX MPOUCXOAMT IMPHU TEMIeEpaTypax BBILIE IMOPOTa aKTUBAIIMA BO3MOKHBIX
HeoOpaTUMBIX peakiuii. OTBETUTh B 3TOM Ciydae Ha BONPOC O (PaKTUUECKOH pacTBOPUMOCTH
KOMIIOHEHT — TO €CTh ONPEAETUTh 00JIaCTh CYIIECTBOBAHHS TBEPIBIX PACTBOPOB - MPHU ATOM HE
NPEJCTABISIETCS BO3MOXKHBIM, IOCKOJIBKY BO3MOJKHBIE pPEaKIM{, HampuMmep, oOpa3oBaHUs
MHTEPMETAUTUYECKUX COCANHEHHH, yKE IPOU30LUTN HeoOpaTUMbIM 00pazoM. OHAKO BOIPOC O

CYIIECTBOBAHMM TBEPIBIX PACTBOPOB B OOJACTH COCTAaBOB, COOTBETCTBYIOIIHUX OOJIACTH



TOMOTCHHOCTHU UHTCPMETAJIIINI0B, ITPECACTABIISICTCS BAXKHBIM KdK B HAYYHOM, TaK U TCXHUYCCKOM
IJI1aHe.

B nocaennee BpEMs TMMOABUIICA PAL pa60T, B KOTOPBIX C MOMOINBKO MCTOAa MCXAaHUYCCKOTO

crutanenus (MC) B Metanmnuueckux cucreMax [1] Bo3MokHO oOpa3zoBanue amMopdHbIX a3z u
MEPECHIIEHHBIX TBEPJBIX PACTBOPOB, KOTOpPHIE pPACCMAaTPHUBAIOTCS KaK MeTacTaOWIIbHbIE
COCTOSIHHMS.

CoocaxaeHne MIa3MEHHO-PACIbUICHHBIX YIBTPAIUCIEPCHBIX YaCTHUI] METAJJIOB MO3BOJISIET
MIPOM3BECTH CMEIIEHUE KOMIIOHEHT 3HAUYMTEIbHO HIKE TEMIIEpaTypHOrO IMOpora peaxiuu
oOpa3oBaHMsl coelMHEHUN. B CBA3M C 3TUM BBINOJHEHBI HCCIEAOBAHUSA, HMEIOIINE IIEIbIO
oTpesieNieHNe BO3MOKHOCTH CYILIECTBOBAaHUS YHOMSIHYTBHIX TBepAblx pacTBopoB (TP), namuuus
MIPEANOIAraéMbIX TEMIEPATYPHON M KOHIIEHTPALIMOHHOM I'PAHMI] UX YCTOWYMBOCTH. B KauecTBe
0o0BeKTa WCCcaeAoBaHUS BBIOpaHA XOpOIIO HW3ydeHHas cuctema Nb-Sn, mmeromas OonbIION
TEOPETUUECKHUI UHTEpeC U MPUKIIATHOE 3HAYEHUE B 00JIaCTH CBEPXIIPOBOIHUKOB.

MeTtouka npuroTosiaeHus o0pa3LoB U3J10XKeHa aBTopamMu B padortax [2,3]. [Ipu 3Tom yuTeH
pPOCT IUIEHKH II0 OCTPOBKOBOMY MEXaHHM3My, YTO OOECHEYMBAET NEPEMELIMBAHUE HMCXOJHBIX
KOMIIOHEHT 0Oe3mupdy3noHHBIM METOJOM. B 3KclepuMeHTax HCIOJIb30BaHBI HUOOWH,
conepxammii 99,95 mac.% ocHoBHOro siemeHTa u 0joBO — 99,99 mac. %. Usrorosnenst 10
TUICHOYHBIX 00pasnoB cucteMmbl Nb-Sn B mHTEpBane koHueHTpanuii 5,0-56,7 at.% Sn.

Jasi m3yyenusi TemnepatrypHoil craduiabHocTH TP o0pa3ubl nmokpsiTHii moaBepraiu
M30XPOHHOMY OT/KHIY B BAKYYMHO# meun npu aasjiennn 1x107-1x1072 Ila B teyenme 1
yaca NpHu KasKA0M TeMIIePATYPHOM LIare B pejejiax HHTepBaJia CyllecCTBOBAHUS TBePAbIX
pactBopoB 10 ¢a3zoBoro nepexoaa TP B nuHTepMeTainueckoe coenunenue. [oanepxxanune
TeMIepaTypbl OCyLIEeCTBJISIVIN ¢ TOYHOCTBIO T 2°C.

CTpyKTypHBIE HCCJIEIOBAaHUS BBIMIOJHEHbl HAa PEHTTCHOBCKOM Ju(dpakToMeTpe ¢
KOOQITbTOBBIM M3ITydeHUEM (Ao = 0,179021 HM) 1 rpapUTOBBIM MOHOXPOMATOPOM.

[Tpy 0OTHOBPEMEHHOM COOCAXKICHHH YIBTPAIUCIIEPCHBIX YaCTHII HIOOUS M 0JI0BA TOJTYYCHBI
TP Ha ocHOBe HHMOOHWS C KOHIIEHTpAIMSIMU OJIOBa, 3HAYMTEIBHO MPEBBIMIAIONIMMH TPEACI
PacTBOPUMOCTH Ha CYIIECTBYIOIIMX (Pa30oBbIX quarpammax (tadi. 1).

Tabmuua 1 — [NMapamerp pemerku (a) TP ¢ u3MeHeHHEM KOHIIEHTPAILIMH 0JI0BA



Sn, at.% 0 5,0 7,3

a, HM 0,3303+ 0,0004 0.3315+0.0004 0.3319+0.0004
Sn, atr.% 12,7 19,3 25,5
a, HM 0.3329+0.0005 0.3340+0.0005 0.3352+0.0006

[TapameTp pemerku HHOOUS MOHOTOHHO H3MeHsiercs oT 0,3303+0,0004 HM y uucToro
HuoOus 1o 0.3352+0.0006 vM npu 25,5 ar. % Sn. IlonydeHHble pacTBOPHI IMPEBBILIAIOT
IIpEEIbHO JOCTHKUMYIO 10 METOY KPUCTAJUIM3ALMK U3 CIlJlaBa KOHLIEHTpaluio Sn B 14 pas.

[IpeBsbiieHne KOHIIEHTpaMKu Sn B HLOOUH Ooiiee 26 aT. % MepeBOAUT CUCTEMY B aMOpgHOE
coctosiHue (AC), 4TO MOXKET OBITh BBI3BAHO JOCTIKEHHEM IPEAEIbHOTO PELIETOUYHOTO
JaBIICHUsI, TPUBOMALICTO K Pa3pyLICHUIO KPUCTATMYECKOH pemeTkn Matpuipl. OOnacth
cymiectBoBaHus AC B yKka3aHHbIX cuUcTeMax Ipoctupaercs 10 52-53 ar.% Sn, npesbliieHue
3TOM KOHIEHTPAIUU COMIPOBOXKIAETCS BhIZeNEeHHEM (a3bl Sn.

[Tonyuennsie TP sBIAIOTCS yCTOMYMBBIMU 10 TEMIEPAaTypHOrO IOPOra pPeaKiuu
00pa3oBaHMsl MHTEPMETANINYECKUX coequHEeHuH. Tak mokpbiTHe Nb-Sn ¢ KOHIEHTpauuei Sn
11,5 at.% coxpanuio crpykrypy TP mocie mukia u3oxpoHHbIX TepMmoodpadotok mpu 400, 450,
500, 550, 600 u numpb npu 650°C ormeueHo Hayano oOpazoBaHus (azbl NbsSn. IloBbimeHne
TEMIIEPATyphl COMPOBOXKAAETCS M3MEHEHUEM TMapameTpa pemeTku (Taln.2) B CTOPOHY €ro
YMEHBILIEHUS.

Tabnuma 2 — U3menenue napamerpa pemerku TP Nb-11,5 ar.% Sn ¢ remnieparypoit oTxura

T, °C 400 500 600 650

dcp. HM 0,3341+0.0005 0,3335+0.0005 0,3330+0.0005 0,3319+0.0004

[Tocne TepmooOpaboTku mpu 650°C B TeueHwe 1 waca ormeueHO oOpazoBaHue (azbl
uHTepMeTaiuaa NbsSn u ckaukooOpa3Hoe yMEHbIICHHE MTapaMeTpa BeieacTBue odoeanenus: TP
onoBoM, mepexoasmuM B ¢a3zy NbsSn. TP omoBa B HHOOMM, comepxamuii 19,3 at.% Sn,
COXpaHsAeT yCTOMUuBOCTh 10 TemnepaTypsl S00°C, mocie yero Takxe HauMHaeTcs oOpa3oBaHUE
uHTepMeTauaa NbsSn.

VBenuuenue koHueHtpamuu ojoBa B TP ¢ 5,0 mo 27,5 ar.% npuBOAUT K MOHMKEHUIO
Temneparypbl ycroitunBoctu cucremsl ¢ 650 no 400 °C. Ilpu stom Habmromaercst obiacTb
cocymectBoBanusi TP u BHOBB oOpa3yromeiics ¢a3bl naTepMerauiuga NbsSn. Tak ans cocraa
c 11,5 ar.% Sn ykazanHast o6nacts Haxoautcst B uHTepBase 500-750°C. Ilpuuem n3-3a HEXBaTKU
0JI0Ba B YKa3aHHOM COCTaBe (ha3a MHTEPMETAIUTHIA COCYIIECTBYET B 3TOM Cllydae ¢ HUOOHEM, a



npu 42 ar.% Sn B UCXOJHON CHUCTEME OTMEUYEHO YyXe BBIJCJIEHHE 0JO0Ba B OTIENbHYIO (a3y B
npucytcTBUM Nbs;Sn.

N3menenune koHueHtpanuu ojoBa B AC 1o 45 ar.% NpUBOIUT K PE3KOMY MOHUKEHUIO
TEeMIEepaTypHO CTaOMIBHOCTH CUCTEMBI, OCTAIOLICHCs MPAKTHYECKH MOCTOSHHON 110 56,7 aT.%,
TeMIeparypa B 3ToM ciaydae He mnpesbimaeT 180°C. B cucteme, coctaB KOTOpPOil COOTBETCTBYET
56,7 ar.%, npu 200°C ycranoBieHo Haudano ¢azoodpazoBanuss NbSn,, 3aBepiieHHe KOTOPOTro
cootBeTcTBYeT 450°C. IIpu omxure AC c 45 at.% Sn ¢ 250°C naunHaeTcsi BbIAeNCHUE (a3bl
NbSn,, mpudem c¢ mnoBbimeHuneM Temmeparypel 10 450°C AC pacmagaercss Ha CMeECh
uHTepMeTauI0B NbgSns 1 NbSn,.

B unTepBane xoHueHtpanuii onosa 25,5-31 at.% B AC TeMmeparypa Hadajla BBIJIEICHHUS
¢da3er Nb;Sn ocraercs mocrostHHOM, paBHoU 450 °C. 3aBepmienue (azooOpazoBanust Nb;Sn u3
AC cootserctByer Temmneparype 500 °C ¢ moiaydeHHMEM HMHTEpMETaUInAA, apaMeTp PELIETKU
KoToporo Oosbuie TabauuHoro. ITosbimenne tremnepatypsl omxura s TP ¢ 25,5 at.% Sn no
750 °C conpoBoxmaercst mosiBieHueM ¢a3bl NbeSns BeieacTBHe yMEHBIICHUS IapameTpa
pemwetkn  NbsSn 10 TabaUMUHOrO W BBIJEJNEHUS M30BITOYHOTO IO OTHOIICHUIO K
CTEXMOMETPUYECKOMY OJIOBA.

bnwxusas Ha guarpaMmme K HHOOWMIO 4acth oOimactu AC, comepkamas 27,5 at.% Sn,
crabunpHa g0 TeMmmepatypsl 380°C, Bbille KOTOpoH HaOIIOAAETCsl HEMOCPEICTBEHHOE
obOpaszoBanme ¢aszpl Nb;Sn. Ilomsbiii mepexonm AC 3TOW KOHIGHTPAlMM B WHTEPMETAILITU
3aBepuiaercs npu 550°C.

BrisiBneHHast TakuM 00pa3oM 3aBUCUMOCTh TEMIIEPATYPHOIO NMOPOra CTaOMIbHOCTH TBEPABIX
pacTtBopoB oyioBa B HHOOWU U AC OT KOHIICHTpAIMU OJIOBA JIA€T BO3MOXKHOCTBH MPHOIMKEHHO
orpaHu4uTh 00macth cymectBoBanuss TP m AC Ha da3oBoit nuarpamme [4-6] B oOnactu
CYIIECTBOBAHUSI HHTEPMETAILTHUCCKUX COCTUHECHUH (puc.1).
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Pucynoxk 1 — ®a3oBas quarpamma HHOOHIA-0JI0BO:

TP-tBepasie pacTBOopbl; AC — aMopdHBIE cCMeCH

W3 W3710)KEHHOTO ClIeyeT, 4YTO HEMOCPEACTBEHHOE TEM WM HHBIM CII0COO0M
¢dopmupoBanne TP u AC mpu OTCYTCTBHM TpaJueHTa KOHIIEHTpAaIMM 1O BCEMY O0OBEMY
MOKPBITUSL TIO3BOJIAET NOJMY4YUTh (hasbl, paHee He HaOIOJaeMble IPU MOCTPOCHUU (PA30BBIX
auarpamm. CienyeT OTMETHUTh, YTO aBTOPBI HE CTaBWIIM LENBIO ONPEICIICHUE TOYHBIX T'PaHMIL
ykazanHoil obnactu TP u AC, ogHako M NpUOIM)KEHHbIE 3HAYEHMsI MO3BOJIIOT TOBOPUTH O
KOHLIEHTPALlMOHHOW W TeMmIeparypHod (B OIpelesIeHHbIX Iepefenax) CTaOWIbHOCTH
METATTINYECKUX CUCTEM, MOJIyUEHHBIX HOHHO-TIJIA3MEHHBIM OCaXJIEHUEM.

Takum oOpa3oM, MOKa3aHO HECOOTBETCTBUE HM3BECTHBIM (Da30BbIM auarpaMMaM oO0JacTu
CYIIECTBOBAHMS TBEPJBIX PAaCTBOPOB OJIOBA B HHOOMM, IOJYYEHHBIX COOCAKICHUEM
YIBTPAJAUCIIEPCHBIX ~ YacTUL[ CyOHAaHOMETPOBOIO  pa3Mepa. YCTAHOBJIEHO IOHW)KEHHE
TEPMHUYECKOT0 TOpOra MHUIMUPOBAHUSA PEAKLUH CUHTE3a MHTEPMETAJUIUJOB CO CTPYKTYPHBIM
tunoM A 15 mist NbsSn wa 350-400°C.
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HUOBUIIH CTAHHUTTEPI AUMATFBIHAAFBI KATTBI EPITIHJAUIEP )KOHE

AMOPOTBIK KOCITAJIAP



Tene-TeHaik auarpaMma KyHiHIH MeTajlapajblK KOCBUIBICTApbl ailMarblHAa HUOOUM-
KaJIaiibl KOCapJibl JKYHECIHJErl TYpPaKThl KATThl EpITIHAUIEp MEH aMOPQTHIK KOCIalapiblH
Oomysl aHbIKTanmFaH. Kartel epitinaimep 26 ar.% 8m KOHIEHTparusra aeilin Oomajsl,
TemnepaTypanblk mekapackl 650 Oactanm 400°C neiiin  e3repemi. HwuoOwmii-KamailbIHBIH
aMOP(THIK KOCHANApbIHBIH 00y aiMarbl 52-53 at. % 8m neiiiH co3plIajbpl, OV JKaraania
KYHEHIH TeMIepaTypanblK TypakTbulbiFbl 180°C neitin TemMeHaen .

Kiar ce3mep: epitiHminep, aMoppThIK Kocmajlap, HWHTEPMETAIIBIK, JAWarpammanap,
TeMIIepaTypa.

Summary

V.N. Volodin, YU.ZH. Tuleushev, E.A. Zhakanbaev

(Institute of nuclear physics, Almaty)

SOLID SOLUTIONS AND AMORPHOUS MIXTURES IN AREA OF NIOBIUM STANNIDES

The presence of stable solid solutions and amorphous mixtures in the binary niobium-tin
system was established in the area of intermetallic compounds of the equilibrium diagram. The
solid solutions exist to the concentration 26 at.% Sn, the temperature limit changes from 650 to
400°C. The area of amorphous niobium-tin mixtures presence extends up to 52-53 at.% Sn, the
temperature stability of the system in this case is reduced to 180°C.

Keywords: solutions amorphous intermetallic mixture, charts, temperature.
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