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OOPMHNPOBAHUE ObbEMHBIX HAHO®A3
B MOHOKPUCTAJUIMYECKUX )KAPOITPOYHbIX
HUKEJIEBBIX CIIJTABAX

PaccmoTpensl 0COOEHHOCTH CTPYKTYpbl M (Da30BBIX TMPEBpAIEHUN B
MOHOKpHUCTAJIIMYecKkuX HukeneBbix cmiaBax KC36-BU BXMS-BU mnocne
JUIMTEJIbHBIX BBICOKOTEMIIEPATYPHBIX BBIACPKEK.

Kntouesvie cnosa: MOHOKPUCTAJUIMYECKUN KapONPOYHBIM HUKEJIEBBIN
CIIaB, CTPYKTYypa, (pa30BbIi COCTAB.

N. A. Popov, V. P. Kuznetsov, V. P. Lesnikov, E. N. Popova, A. S. Vasilev

THE FORMATION OF NANOPHASES
IN BULK SINGLE-CRYSTAL HEAT-RESISTANT NICKEL ALLOYS

Changes thin (y +y’) structures of single-crystal nickel alloys ZhS36—VI,
VZhM5-VI after excerpts in the range of temperatures 1050...1200 °C are
investigated.

Keywords: single-crystal nickel-base alloys, structure, phase composition.

JUis  COBpEMEHHBIX TEIUIOHANPSDKEHHBIX Ta30TYpOMHHBIX JBHUraTesen
(I'T1) paboune nomatku TypOunsl Beicokoro aasiaeHus (TBJ]) u3rorosustor us
xaponpouHbix HuKeneBbix ciuiaBoB (QKHC) co cnenuanbsHbIM JierHpOBaHHEM
METOJIOM MOHOKPUCTAILIMYECKOTO JIUThSl C TOYHOCTBIO  BBIAECPKUBAHMS
OCHOBHOU (Ipo(pHIIbHOM) OpueHTanuu 5°.

B 3T0#i CBSI3U NMEpPCHEKTUBHBIM SIBISIETCS TPUMEHEHUE O€3yIiIepOIUCThIX
MOHOKPHUCTAJJINYECKUX CIUIABOB, JierMpoBaHHbIX Ta m Re mna nomarox TB/L
coBpemennbIx ['T]] ¢ Temneparypoii raza Ha Bxoze B TypOuny 1580 °C.

HccnenoBanust OpOBOAMIM Ha MOHOKPUCTAIIMYECKUX oOpaslax u3
caBoB JKC36-BU u BXKMS5—-BU, oTiuThIX B NPOMBIIIICHHBIX YCIOBUSIX Ha
yctanoBkax tuna YBHK-8II co ckopocTteio kpuctamum3zanuu 8—10 MM/MUH C
kpuctaorpaduieckorr opuenrtanueit [001]. Xumudeckuii coctaB CIUIAaBOB U
PEKUMBI UX TEPMHUUECKON 00paOOTKU MPUBEICHBI B.

Otnuteie 3aroToBku J14MM mocne TepMUYECKOH 00paboTku Obuin
MOABEPIHYTHI BEICOKOTEMIIEPATYPHBIM BhIIepKKaM B TeueHue 0,5...1000 gacos
B unrepBayie 1050...1200 °C B neuHo# Bo3ayIHON aTMOcdepe.
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DNEeKTPOHHO-MUKPOCKOITMYECKHE HCCIACAOBAHUS TOHKOW CTPYKTYPBI
CIUTaBa OCYIIECTBIISIIA METOJOM ITPOCBEUNBAFOIICH AIIEKTPOHHONH MHKPOCKOITHH
(IT9M) tonkux ¢osbr Ha npudopax «Jeol JEM-2100%».

[Tocne nonuow Tepmuyeckoit 06padotku (IITO) nns crmaBos XKC36-BU
u BXXM5-BU tunuuna ogHopoaHas, qucnepcHas (Y + y')-CTpyKTypa ¢ BBICOKOM
o0beMHOM foJet ynpounstomei y -¢dassl (70—75 06.%) pazmepom 0,3—0,4 MKMm.
Yacruiis v -ba3sl HMEIOT XapaKTEePHYIO KyOOHIHY IO bopmy.
OnexkTpoHorpadudecKuii 1 MUKPOAUPPAKITMOHHBIA aHAINU3bI TOKA3bIBAIOT, YTO
4acTHLBI ¥ -(ha3bl BEICTPOEHBI B HanpasiaeHusax tumna [100], MoHokpHcTaa.

[Ipu BBICOKOTEMIIEpATYpPHBIX BBIJEPKKAX MPOUCXOAUT 3HAYUTEIbHBIN
pOCT pa3mepa nepBUUHON Y -(a3bl, U3MEeHeHue PazoBoro cocraBa, MOoppoIOruu
u pasmepoB Y - u Y-pa3 B cmiaBax. llpm oxmaxkaeHuw 0Opas3oB OT
TEMITepaTyphbl BBIICPKKHA Ha BO3JIyXE MPOUCXOIUT pacmana y- (as3bl MO CXeme
Y — Y« t Y'u U oOpaszyercs yiabTpaMenkoaucrnepcHas cmech (Y, + v'u)
HAHOPA3MEPHOTO YPOBHA. Menkue dYacTUIbl Y, -(Ga3bl HMEIOT pa3Mephl
20...60 HM, a mpoOCHONKU 7Y, -Pa3bl MEXKAy YaCTULAMH Y ', UMEIOT TOJIIUHY
nopsiaka 10...20 HM. DopmupoBaHue 7Y ,-ha3bl TaK JKE€ MPOUCXOAUT Ha
IpaHuIaX KPpymHOH Y -(a3bl co cMechio (Y + 7 ).

B TeMHOMOIBHOM M300paKEHUU B CBEPXCTPYKTYpHOM peduekce (001),
«CBETATCSA»  KPYNMHBIE YACTHIBI MEPBHYHON 7y '-da3bl H  BTOPUYHBIC
YIBTPAMEIKOIUCIICPCHBIC YaCTUIIBI Yy, -pa3bl (puc.).

a o

TemHonoIbHOE N300pakeHNe B CBEPXCTPYKTYpHOM pediexce (001), TOHKOH CTPYKTYpsI
craBa JKC36—BU [001] mocne BEICOKOTEMIEPATYPHBIX BBIIEPIKEK:
a—T=1050"°C,5004; 6 —T=1150°C, 500 u

YcranoBieHsl 3akoHOMepHOCTH (opmupoBanus (y+y')-CTPYKTYpel U
(a30BOro coctaBa MpH BBICOKOTEMIIEPATYPHBIX BbIAEPKKax B cruiaBax, XKC36—
BU n BXKM5-BU. Iloka3aHo, 4TO IIpU BBIAEPKKAX B MHTEPBAJIE TEMIIEPATYP
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1050...1200 °C npoucxoauT pocT pazMepa nepBUYHOM y'-(ha3bl, ee oboraiieHue
Al, Ti, Ni, Ta u 3HauuTenpbHOE yMeHbleHue conepxanus Cr, W u Re B Heil.
Bo3pacraer TonmmHa mnpociioek Y-pa3zbl M CYIIECTBEHHOE OOOTallleHUE ee
TyromiaBkumu daementamu W, Re, Cr, Mo. [Ipu oxnaxaenun o6pas3ios mocie
BBICOKOTEMIIEPATYPHBIX BBIIECPKEK MPOUCXOAUT pacmnaj y-pa3bl U oOpazyercs
yIbTPaMeIKOAUCIIEpCHast cMeCh (Y, + Y'y) HAaHOPa3MEPHOI'O YPOBHS: YaCTHIIBI
Y'x -ba3sl uMeroT pazmepsl 20...60 HM, a TPOCTONKH Y, -Pa3bl MEXKTY YaCTUIIAMU
Yy uMmeroT ToiaumHy nopsaka 10...20um. Ha rpaHumie nepBUYHAs
v-baza / (y; + 7'y yactuusl Yy'y -ha3sl UMEIOT BBITIHYTYIO (HOpPMY BIOJb
TpaHulbI pa3aena u ux pasmep cocraniser > 100 HM B JUIUHY.
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