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B o6nactu Temneparyp 4,2—310 K BepBble m3yueHBI MeXaHUYECKUE U aKy-
CTUUYECKMe CBOIMCTBA HOBOI'O HAHOCTPYKTYpHOro cmiasa Inconel MAT758, mo-
JIYYEHHOTO MEeXaHUYEeCKHUM JIEFMPOBAHUEM AUCIIEPCHLIMUA HAHOYACTUIIAMHU OK-
cuga uttpus Y,0;. [IokasaHo, uTo B uHTepBaJjie Temeparyp 4,2—-310 K cymep-
cmiaas Inconel MAT758 o6amaeT cTabuIbHOI CTPYKTYPOM M TOCTATOUYHO BBHICO-
KUMU [TOKA3aTeJAMH IPOYHOCTH U ILJIAaCTUUHOCTH.

B inTepsaii remneparyp 4,2—310 K Buepiile BUBU€HO MeXaHiuHi Ta aKyCTHUUHI
BJIACTUBOCTI HOBOI'O HAHOCTPYKTypHOro cromy Inconel MAT758, omep:xaHoro
MeXaHIYHUM JIeI'yBaHHAM JUCIIePCHUMU HAHOYACTUHKAMU OKcuay iTpiro Y,0;.
BceramoBieno, mio B inTepBasi Temmepatyp 4,2—-310K cymepcrom Inconel
MAT758 mae cTabifbHY CTPYKTYPY Ta HOCUTH BUCOKI MOKASHUKM MIiITHOCTH Ta
ILIACTUYHOCTH.

Mechanical and acoustical properties of the new nanostructured Inconel
MAT758 alloy fabricated by mechanical alloying with disperse nanoparticles
of yttrium oxide Y,0; are studied for the first time within the temperature
range 4.2—-300 K. As shown, the Inconel MA758 superalloy has a stable mi-
crostructure and sufficiently high strength and plasticity at temperatures of
4.2-300 K.

Karouessie ciaoBa: cymnepcmiaaB Inconel MA758, mpouHOCTb, IIJIACTUYHOCTD,
aKyCTHUUYeCKoe IIOTJIOIeHe, IMHAMUUYECKHUA MOAYJIb YIPYTOCTH.
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(ITonyueno 11 urona 2012 2.)

1. BBEJEHHE

Basxnoit mpobjeMoii B pasdpabdoTKe KOHCTPYKIIMOHHLIX MAaTepHAaJIOB C
TIOBHIIIIEHHOM IPOYHOCTBIO U IIJIACTUYHOCTHIO ABJISIETCSA o0eclieueHre UX
CcTa0MJIBLHOCTH ¥ OJHOPOAHOCTH (PH3UKO-MEeXaHUUYECKUX CBOMCTB BO
BCEM MHTEpBAaJie TEMIIEPATYP SKCILIyaTallud OT KPUOTEHHBIX U BILJIOTH
IO TIPEAIIIaBUILHBIX TEMIEPATYD.

B macrosimee Bpema Hanbosiee mepCcoeKTUBHBIM IIYTEeM PEIIeHU A 3TOMH
mpo0bJieMbl ABJSETCS YIPOUYHeHMEe 0a30BOTO CIIJIaBa AUCHEPCHBIMU Ha-
HOYACTUIIAMU TYTOILJIABKUX OKcuAOB. TaKme wMaTepuwasbl TPUHATO
HaseiBaTh ODS (oxide dispersion strengthened) cmrasamu. Basoit s
ODS-cnitaBoB HamboJiee YacTO CIYKAT ayCTeHUTHLIE CYIIepCIlJIaBhl Ha
ocuose Ni, Cr u Fe. B xauecTBe YyIIPOUHSIOIIUX YaCTHUIl, KAK IIPABUJIO,
ncnoab3yior okcuabl Al,O;, TiO,, ThO,, La,0;, BeO u Y,0;. ODS-
CcyIlepcILIaBbl HA OCHOBe oKcuga uttpusd Y,0; 0b11u paspadoraus B 90-x
rogax IIPOILJIOTO BeKa. X mosyyaroT MEeTOIOM MEXaHNYEeCKOTO JIETHUPO-
BaHUSA, KOTOPBIN BKJIIOUAET CJEAYVIOIINEe CTaguu: 1) COBMECTHOe Iiepe-
MaJILIBAaHWE B IMTAPOBBLIX MEJBHUIIAX 5-TUMUKPOMETPOBBIX ITOPOIIKOB
MCXOIHBIX KOMIIOHEHT cyIlepciiiaBa (cMm. puc. 1, a) ¢ mobaBieHueM MeJ-
KOIMCIIEPCHBIX KOHTJIOMEPATOB (Kakaas W3 TpaHyJ pasMepoM 1 MKM
cocTouT w3 Oousbiroro kKojamuectBa 20—40uM uwactui) Y,0; (cMm.
puc. 1, 0); 2) zamaiika JaerasupoBaHHOTO IIOPOIIKA B TePMETHUYHBIN

0

Puc. 1. Dn1eKTpOHHO-MUKPOCKOIIMUecKre usdobpaskeHusa mopomkoB Ni (a) u
Y03 (0)[1].
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Puc. 2. ITonyuerne ODS-cynepcniasa Inconel MA758 meTooM MexaHUUECKO-
ro JerupoBauus [1].

CTAJILHOM KOHTelHep; 3) KOMOAaKTUpPOBaHUE DKCTPy3ueil; 4) ropsuas
OIIPEeCCOBKA; 5) 30HHAS peKpucTaanusanusd[1l, 2] (cm. puc. 2).

OmuuM M3 BO3BMOYKHBIX HampaBjaeHUil npuMmeneHuda ODS-cymepcmia-
BOB C MEXaHNYECKUM JIETMPOBAHNEM SBJIAETCS UX HCIIOJb30BaHUE B Ka-
YyecTBe MPHUCALOYHOTO CBAPOYHOTO MaTepuasa IJis CBAPKU HAHOCTPYK-
TYPHUPOBAHHBIX cIIJIaBoB. OCHOBHAA UIesd TAKOTO IPUMeHeH!NA OCHOBaHa
Ha OTCYTCTBUU CYII[eCTBEHHOI Jerpaganii CTPYKTYpPhI 1 cBoiicTB ODS-
CYIEepPCILIABOB C MeXaHMUYECKHM JIETMPOBAHNEM B 30He CBAPHOTO IIIBA.

dusuKo-MexaHUUeCKHe cBoiicTBa cymnepciuiasa Inconel MA758 mpu
TeMIepaTypax BbIllle KOMHATHOM OBIIM mOAPO0HO N3yUeHbI pamee [3—5].
MuxrpoctpykTypa cymepciiaaBa Inconel MA758 moxkasama ma puc. 3[1].

B macrogamieii pabore BmepBble B obaactu Temneparyp 4,2-310K
M3yYeHbl aKYCTUUYECKE U MeXaHNUYeCKNe CBOICTBA HOBOTO CyIlepcIliaBa
Inconel MA758 Ha oCHOBe CHCTEMBI HUKEJIb—XPOM, IIOJYUYEHHOI0 MeXa-
HUYECKUM JIETHPOBAHMEM U YIPOUHEHHOI'O0 NUCIEPCHLIMM HAHOYACTH-
mamMu oxkcuga urtpusa Y,0;. OcHOBHAA IIeJb TaHHOHM PabOTBI — IIOJIY-
YNTh 9KCIEePUMEHTAJbHBIE JAaHHBIE O IPOUYHOCTHA U ILJIACTUYHOCTH JaH-
HOTO CILJIaBa B 00/IaCTH HU3KKUX TEeMIIepaTyp.

2. METOJUKA 9KCIIEPUMEHTA. XAPAKTEPUCTUEKHN OBPA3I10OB

MeTomoM PEeHTIeHOCHEKTPAILHOI0 (hIYOPECIIEHTHOTO aHAIN3a OLLI OIIpe-
IesieH (PaKTHUECKMI COCTAaB M3YUYEHHOIr'o oOpasiia cymepeiniasa Inconel
MAT758: (29,5+0,4)% Cr, (0,8+0,06)% Fe, (62,7+0,4)% Ni, (4,6+0,09)%
Cu, (2,03+0,07)% Zn, (0,5+0,03)% Y.

MexaHNYeCKNe M3MEPEHNA BBIIOJHEHLI IYTEeM OJHOOCHOI'O CHKATHA
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Puc. 3. MukposjieKTpoHOrpaMMa DPEKPUCTALIN30BAHHOIO cylepciiaBa In-
conel MA758[1].

IPU CKOPOCTH OTHOCHUTeJbHOI medopmanuu 4,510 ¢! npu rtemnepa-
rypax 300, 77 u 4,2 K. O6pasIiibl 111 MeXaHUUeCKUX UCIIBITAHUHA NMeJIn
dopMy IpAMOYTOJBLHBIX MPU3M ¢ pasdmepamu 3,3%2,0x1,9 mm. dedop-
Maiusa mpooguaack Ha Mmaiunue MPK-3 npoussoacrsa @TUHT HAH
Vxpauns! (;xectkocTs Mamuubl 7-10° H/M). B Xo/e sKCIIepUMeHTOB pe-
THCTPUPOBAJINCH 3aBUCUMOCTH HAIPY3Ka—BpeMs, KOTOPEIE IIOTOM IIepe-
CUNTBIBAJIMCE B AUArPAMMBLI «HaNpAKeHne—IJIacTUUecKada medopma-
IUs», U3 KOTOPBIX OIPEIe/sINCh YCAOBHBINM IIpeAesl TeKYy4eCTH, MakK-
CHUMAJBHO AOCTUTHYTOE HAIPSAMKEeHHe M ILIacThdYecKas nedopMaliusd.
HamnpsiKeHre pacCUUTHIBAJIOCH KAK OTHOIIEHME HATPY3KM K IIEPBOHA-
YaJIbHOM ILIOIIAAN IIONEPEUYHOro ceueHus oOpasia. 3HaueHue aedop-
MAIIIH OIIPeeIsiioch KAK OTHOIIEHNE N3MeHeH! A AJINHEL 00pasiia, o0y-
CJIOBJIEHHOTO ILIACTHUYECKOM medopmarueil, K ero IepBOHAYAJIbHONI
IJIMHE.

AKycTruecKue M3MepeHUs BBIIOJHEHBI METOIAOM MEXaHUUYeCKOo pe-
30HAHCHOM CIIEKTPOCKOIMM Ha dvactore 3,3 K[l B aMIIUTYyIHO-
He3aBUCUMOII 06JacTu 3ByKoBoii medopmanun ~ 107", Marubunle Koe-
O0anusi cBOOOAHOI0 00pasna BO30YKIAJINCH 3JIEKTPOCTATUYECKUM METO-
IoM. AKycTHUYeCKHe U3MEePEeHUsI IPOBOAUINCE B OTCYTCTBUE BHEIIIHETO
MArLuTHOro moas. Temieparypa CTa0UIM3HUPOBATIACE C TOUYHOCTBLIO
< 50 MK npu nmomortiu AsGa-TepmomeTpa B obsmactu Temmueparyp 5—50 K
u Cu-KoHcTauTaHoBoii Tepmonaps! npu 50—-310 K u usmensaIacs co cKo-
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poctbio =1 K/mMuH.

3. PESYJIBTATDBI OKCIIEPUMEHTA. OBCY/XKIEHUE

IKcIepuMeHTAJIbHBIE JaHHBIE MOMKHO Pa3Ie/IUuTh Ha JBe I'PYIIILI, OTHO-
cAlMecs K akyCTUUYeCKUM cBoiicTBaM (puc. 4) u MexanudecKuM (puc. H)
M3YYEHHOIO0 CyIIepCIIaBa.

IIpu usyueHun aKyCTHYECKUX CBOMCTB YCTAHOBJIEHO, UTO IPU IIOBEI-
mrennu Temiepatypsl ot 4,2 K 1o 300 K moayns FOura obpasiia MoOHO-
TOHHO TMOHM:KaeTca oT 241 I'lla go 227 I'lla, a morJoleHne JUHEHHO
Boapactaet (puc. 4). IIpu sToM Ha TeMIepaTypPHBIX 3aBUCUMOCTAX aKy-
CTUYECKOTrO IIOTJIOIIEHUA 1 MOAYJIA YIIPYTOCTH He HAOJIIOLal0TCA KaKue-
1160 0COOEHHOCTH PeIaKCAIlMOHHON IPUPOIbI, UTO, BEPOATHO, CBA3AHO
¢ OJIOKMPOBKOM AUHAMUUYECKUX AUCJIOKAIIMOHHLBIX IIPOIIECCOB AMCIIEPC-
HBIMH HAHOYACTUIIAMY OKcuaa uTTpusd Y ,0s.

Ha pucyske 5, a moxasaHbl gepopMallnOHHbIe KPUBBIE CYIepCIlIaBa
Inconel MA758, monyueHnHblie B pesKHUMe OJHOOCHOTO cokaTus. IIpu Bcex
HCCJIEJOBAHHBIX TeMIepaTypax Ha AedOpMAaIlMOHHBIX KPUBBIX HAOJIIO-
IaloTCsA JBE OCHOBHBIE CTAAUU IIJIACTHUYECKOH Aedopmarnuu: npu gedop-
Manuax MeHee 3—5% HalOmIogaerca napaboJMyYecKas 3aBUCHUMOCTD
HAIPAMKEeHUA OT AedopMalinu, KOTOPas IIOTOM CMEHSETCH IIPOTAMKEH-
HBIM JIUHEHHBIM yuyacTKoM. IIpu Temneparype 4,2 K Ha gedopmaiimoH-
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Puc. 4. Temneparyphusie 3aBucuMocTu MoayJia IOura E (a) u jorapudMuiecKo-
ro JeKkpeMeHTa KoJsebanuii O (6) cynepcmaasa Inconel MAT758.
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Puc. 5. Mexauuueckue cBoiicTBa cymepciiasa Inconel MA758 mpu ogHOOCHOM
cokatuu: AedopMalMoOHHBIe KpUBBIe mpu Temmepatypax 300, 77, 4,2 K (a);
TeMIlepaTypHas 3aBUCUMOCTb IIpefiesia TeKydecTH (6).

HOM KpUBOU HaOJI0ZaeTcsd CKaukKooOpasHas aedopMalius, KOTopas
HauMHaeTCsA MPAKTUYECKHU IIOCJIe YCJIOBHOIO Mpejieia TeKYyUeCTd U IPOo-
IOoJI;KAaeTcsT Ha BCeX IMOCJeAYIONNX cTaguaAx aedopMaliid ¢ MOHOTOH-
HBIM yBeJIMUeHNEeM aMILIUTYIbl CKauUKOB.

ITpu nmoumxenun remuepatypbl or 300 K no 4,2 K pegen TrekydecTu
00pasIioB moBhIIIaeTcsa u mpu remueparypax 300, 77 u 4,2 K cocraBaser
555, 850 u 940 MIla, cooTBeTcTBeHHO. ¥YBelMUueHNe 3HAUCHNUH IIpeaesia
TeKydYecTu Npu MoHum:KeHuu Temuepatypsl oT 300 mo 4,2 K cocraBaser
70% (puc. 5, 6), YTO SHAUUTEJLHO IIPEBLIIIIAET WU3MEHEHUS MOIYJei
YIPYTOCTH B 9TOM HMHTepBajie Temuneparyp. CooTBeTcTBeHHO, HabII0Ha-
eMas TeMIlepaTypHas 3aBUCUMOCTD IIpeejia TEKYYeCTH CBUIeTeIbCTBY -
eT 0 TepMOAKTHUBUPYEMOM XapaKTepe ILIacTuueckoii neopmariuu. Ilpu
BCeX HCCJeIOBAaHHBIX TEMIIEPAaTypax IJIACTUUYHOCTD CIJIaBa COXPaHseT-
cs Ha IOCTATOYHO BHICOKOM YPOBHE 10 aedopmaruit = 20—-30% .

4. BBIBO/1bI

MsBecTHO, YUTO CTPYKTYPHO-(DAa30BHIe IIPEBPAIEHUSA COIPOBOXKIAIOTCSA
IIOSIBJIEHVEM IUKA aKYCTUYECKOTO IOTJIOIIEHNA, TeEMIIEPATyPa JIOKAJIU-
3aI¥ KOTOPOTO COOTBETCTBYET TeMIIepaType IpeBpalneHus. Kak mpa-
BUJIO, TEMIIEPATYPHI IPAMOr0 U 00PaTHOTO IPEeBpAallleHUA He COBIALA-
10T, ¥ Ha TEMIIEPATyPHOU 3aBUCUMOCTU MOJYJIS YIPYTOCTH HAGJIIONAET-
¢Sl THCTePe3UCHAs MeTJIsd, a TEMIIePAaTypa JIOKAJIU3aIuy MUKa aKyCTUYe-
CKOT'O IIOTJIOIIIEHUSI MeHAeTCA IIPU HarpeBe m oxJjaskaeHuu [6—8]. Or-
CYTCTBYE HA MOJYYEHHBIX TEMIEPATYPHBIX 3aBUCUMOCTAX aKyCTUYe-
CKOTO TIOTJIOIEHUSA U MOAYJS YIPYTOCTH OCOOEHHOCTEN U TMCTEPE3UC-
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HBIX IIeTeJIb, XapPaKTePHLIX IJA CTPYKTYPHO-(pa30BBIX IIPEeBpallleHni,
CBUIETEJLCTBYET O CTa0OMIBHOCTH CTPYKTYPEI N3YUYEHHOTO CyIlepCcIliaBa
B MCCJIEJOBAHHOM MHTEPBaJIe TeMIIepaTyp.

YcranoBiseHo, uTo B nHTEpBase Temieparyp 4,2—310 K cymepciias
Inconel MAT758 obsazaer cTabUIBLHOM CTPYKTYPOM M JOCTATOUYHO BELICO-
KMMU IIPOYHOCTHIO U IIACTUYHOCTELIO. Ha ocHOBaHMM aHain3a TeMIiepa-
TYPHBIX 3aBucuMocTeil momyJid IOHra u mpejesa TeKy4eCcTH HCCIemye-
MOT'O CILJIaBa CHAeJIaH BBIBOJ O TEPMOAKTHUBUPYEMOM XapaKTepe ILJIACTH-
uyecKoi gepopManiiu B mHTepBaje reMmueparyp 4,2—300 K.
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