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TTIOJIYYEHUE OCTPOM KYBMUYECKOUW TEKCTYPBI ITPU ITPOKATKE
N OTXXUT'E B TOHKUX JIEHTAX 13 BMHAPHOI'O CINIABA ME/I
C UTTPUEM

[IpoBeneHo uccienoBanrue CTPYKTYphl U Mpoliecca TEKCTYpooOpa3oBaHus
B OuHapHoMm cruiaBe Cu-1%Y mnpu xonmomHoi nedopmarvii MPOKATKOM Co
creneHbio mopsaaka 99 % u mocneayromeM pPeKPUCTAIUIM3AIMOHHOM OTXUTE.
[loka3zana mnpuUHOMUNMAIBHAS  BO3MOXKHOCTh  pealM3allil  COBEPIICHHOM
KyOMYEeCKON TEKCTYphl B TOHKOW JICHTE W3 CIUIaBa MEOU C HUTTPHEM.
OnpeneneHbl  ONTUMAIbHBIE PEKHMBI  PEKPUCTALIU3AMMOHHOTO  OTXKHUTA,
MTO3BOJISIONINE TTOTYIUTh OMaKCHATBHYIO TEKCTYPY C COJEPKaHNEM KyOMIeCKuX
3epeH {001}<100> + 10° Ha MOBEpXHOCTH TEKCTYPOBAHHOM JIEHTHI OoJee 95 %o.

Kniouesvie cnosa: cmmaBbl Menu, XonofHas nedopmanus MPOKATKOM,
OT)KUT, PEKPUCTAJUTH3AIINS, COBEPIIICHHAs KyOn4decKasi TEKCTypa.

T. R. Suaridze, Yu. V. Khlebnikova, D. P. Rodionov, L. Yu. Egorova

OBTAINING A SHARP CUBE TEXTURE DURING ROLLING
AND ANNEALING IN THIN TAPES FROM A BINARY ALLOY
OF COPPER AND YTTRIUM

The structure and texture formation are investigated in Cu-1%Y binary
alloy subjected to 99 % cold rolling followed by recrystallization annealing. The
possibility of obtaining a perfect cubic texture in a thin tape made of a binary
alloy copper with yttrium is shown. Optimum annealing conditions are
determined to form a perfect biaxial texture with more than 95% cubic grains
{001}<100>%10° on the surface of the textured tape in the Cu-1%Y alloy.

Keywords: copper alloys, cold rolling deformation, annealing,
recrystallization, perfect cubic texture.

[Tocne XOM0AHOM MPOKATKUA CO CTEMEHsIMHU BbIIe 100 paBHbIMH 97 %
U peKpUCTAUTM3alMOHHOTO OoTxmra B psge [ L[K-meTammoB ¢ BBICOKUM H
CpeHUM 3HaueHHeM SHepruu aedektoB ymakoBku (DY), takux kak Ni, Cu,
Al, Pt, Pd, m HEKOTOpBIX CILUIAaBOB 3THUX METAIJIOB pealu3yeTcs ocTpas
kyomueckas Tekcrypa {100}<001>. TlpoTsbkeHHbIE JIEHTHI W3  OTHUX
['IK-meTamioB U crjiaBoB ¢ KyOM4YECKOH TEKCTYpO PeKpHUCTAUIN3AlMA MOTYT
OBITh WCTOJB30BAHBI B KAaueCTBE TMOJJIOKEK JUIsi HAHECEHWS MHOTOCIOWHBIX
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(GyHKUMOHATBHBIX ~ KOMIO3MIMH, B  TOM  4YUCI€ B  KOHCTPYKLHHU
BBICOKOTEMIIEPATYPHBIX CBEPXIIPOBOSIINX TPOBOJOB BTOPOTO MOKOJICHHUS
(2G HTSC) [1]. TokoHecyIas CriocOOHOCTh CBEPXIPOBOIHUKA CHIILHO CBs3aHA
C €ro KpHUCTaJUIMYECKON YMOPSIOYEHHOCThIO WM TeKCTypoil. CylecTByoIue
MEX3EpPEHHbIE TPAHMIIBI B CBEPXIIPOBOMASIIEM CJIO€ CO3[AI0T MPEHSATCTBUS
NPOTEKAaHUI0O TOKAa CBEPXIPOBOJMMOCTH, HO OHU yMEHBIIAIOTCA TpHU
YBEJIMYEHUHN CTENEHU TEKCTYpOBAaHHOCTH. EciM CBEpXNMpOBOAHUK COXpaHSET
BBICOKYIO CTEIEHb COBEPIIEHCTBA TEKCTYphl HA OTHOCHUTEIBHO OOJBIINX
paccTosiHusIX, OyAeT o0ecredeHa ero CrnocoOOHOCTh HECTH BBICOKYIO TJIOTHOCTh
KPUTHUYECKOTO TOKaA. Bricokyto CTENEHb KpUCTaJUIOrpapuuecKoit
YIOPSAIOYEHHOCTH UM TEKCTYPhl MOKHO TMOJIYYUTh, BhIpAIIUBasi TOHKUAN CIIOM
MaTepuasa SMUTaKCUAIbHO MOBEPX TMOKON TEKCTYPOBAHHOM JIEHTHI-MIOIJIOKKH.
BaxxHo, 4toObl Marepuan TOMJOXKKH ObLT HEMarHuTeH TNpu paboueit
TEMIIepaType BbICOKOTEMIIEpaTypHOro cBepxmpoBoanuka (77 K), T. k.
MAarHUTHOE TIOJI€ OKa3blBae€T CYIIECTBEHHOE BIHMSIHHE Ha BEIHYUHY
KPUTHYECKOTO TOKa B CBEPXIPOBOAAIIEM cioe. UeM MeHbIIe MarHUTHas
MIPOHUIIAEMOCTh TOJUIOKKH, TeM Ooubliie Kputudeckuii Tok. Kpome toro, mis
IPOM3BOJACTBA JJIMHHBIX JICHT B MPOMBIIUICHHOCTH HEOOXOJUMO HWMETh
JIOCTaTOYHO BBICOKHE TPOYHOCTHBIE CBOMCTBA HECYIIEH MeTaTHUeCKON
OCHOBBI, TOCKOJIbKY MUMEHHO OHa O0€CHEUYMBACT CTPYKTYpPHYIO LEIOCTHOCTb
AMUTAKCHAJIbHO HAHECEHHBIX Ha HEEe CJIOEB.

PazpaboTka HOBOrO 00OpYyIOBaHUS W OMPOOOBAHHWE JIMHUN Tepeaadu
AJIEKTPO3HEPTUU C HU3BKUMH MOTEPSMU C HUCIOJb30BaHUEM TexHojorun 2G
HTSC nukTyroT HEOOXOAMMOCTh CO3/IaHMSI HEMAarHUTHBIX W T10 BO3MOXKHOCTH
HEJOPOTMX  METAUNIMYECKUX  JICHT-TIOMAJIOKEK, UYTO  BO3MOXHO  IpH
UCIOJIb30BaHUU CIUIAaBOB Ha OCHOBE MeAu. B CBs3M C MpeneiabHO HU3ZKUM
sHauenneM DJIY wmemm (mopsaxa 40-50 spr/cm?) BBIOOp JIETUPYIOMIUX
aneMeHToB Juisi crutaBoB Cu-Me, B neHTax W3 KOTOPBIX MOXKHO OBLIO OBl
peanu3oBaTh OCTPYHO KyOMUYECKYIO0 TEKCTypy, KpailHe orpaHudeH. bblia
paccMOTpeHa BO3MOXKHOCThH TOJYYEHHS JIGHT-TIOJJIOXKEK U3 cruiaBoB Cu-Fe u
Cu-Cr, B KOTOpBIX CYyIIECTBYeT 00JacTb OTPAaHUYCHHOH pPacTBOPUMOCTH
jerupyrouiero sneMmenTa B meanoit [ 1IK-maTpune, a npu HU3KUX TeMIeparypax
— TpoTsDKeHHas obnacth, cocrosmas u3 ['TIK TBepmoro pactBopa Ha MemHOM
OCHOBE M YaCTHUI[ YHUCTOro Jierhpytomero snemeHta Fe wim Cr, umeromiero
OLK-pemetky [2; 3]. B Hacrosimee Bpemsi B mupe, a Tenepb U B Poccun
AKTUBHO BEJIETCSl TIOMCK HOBBIX COCTABOB CIUIABOB HAa OCHOBE MEIH, KOTOPHIC
MOKHO OBUIO OBl TIOCTIE XOJIOAHOW TPOKATKU U PEKPHUCTAUIN3AIMOHHOTO
OT)KUTA MIPUMEHSTH B KaUeCTBE JICHT-TIOIJIOKEK.

WtTpuii HE WCTONB3yeTCs B MPOMBIIIJICHHBIX CIJIaBaX HAa OCHOBE MEIU
KaK B OMHApHBIX, TAK 1 B MHOTOKOMITOHEHTHBIX. HO B cHily TOTO, YTO B CUCTEME
Cu-Y cymecTByeT 00JacTh OTrPaHUYEHHOW PACTBOPUMOCTUA aAHAJOTUIHO
n3y4eHHBIM paHee OuHapHbIM criaBam Cu—Fe u Cu—Cr [2, 3], mpencraBisieTcs
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1[€JI€CO00pa3HBIM HMCCIIEIOBATh BO3MOKHOCTH TOJTYYEHUS JICHT-TIOMJIOKEK U3
JTAHHOTO OMHAPHOTO CIUIABA.

Cmia Cu-1%Y OblL1 BBIIJIABJIEH Ha OCHOBE YHUCTOM OECKHCIOPOIHOM
Meru 99,95 % wu wurtpus uucroroil He HmWke 99,9 % B BakyymHOM
MHIYKIUOHHOW meun. Cautok koBaym nipu temneparype 800—-600°C Ha npyTku
ceuenueM 10x10 mm. Tlocae num@oBku ObUIM TOTYUYEHBI 3aTOTOBKH CEYCHHEM
9x9 MM, KoTophle Aaiee oTxuraiu mpu Temmneparype 550-600 °C 1,5 u.
XonoaHas aegopMmaiusi 3aroTOBOK OCYIIECTBJICHA MPOKATKON 1O TOJIIIMHBI
nopsiaka 85 MM (oOmas crermeHb jaedopmaruu coctaBmia mopsaka 99 %).
Pexpucramim3anioHHbIe OTXKUTH TSI TIOMYYCHHS] KYOMYECKON TEKCTYPhI OBLIH
nposeneHsl B Bakyyme (2-3)-10° mm pr. cr. mpu Temmeparypax 600, 700
u 750 °C B Teuenue 1 u.

Conepxanue 1 Bec. % Y B BbIOpaHHOM [IJIsi MCCJIEIOBAHUS CILIaBeE
COOTBETCTBYET 3HAYCHHUIO MNPENEIBHOW pPACTBOPUMOCTH HWTTPHUS B MEIHOMU
matpurie mpu Temmeparype (890 + 10) °C. B cucreme Cu-Y wmoxer
0o0pa30BBIBATECS B Pa3HBIX KOHIICHTPAIIMOHHBIX HHTEpPBajaX HECKOJIBKO
OTIUYAIONTUXCS TI0 COCTaBy MHTEPMETALTUAHBIX (a3. [Ipu oxnaxxaeHuu cImTKa
criaBa Cu-1%Y nmwmke temreparypsl (890 + 10) °C nporncXoIuT 3BTEKTHIECKAs
peakuus: ocuokocmnb (12.5 Bec. % Y) <« CugY + a-Cu. 3To o3HA4aer, 4To
BimoueHuss B cmiaBe  Cu-1%Y  mpencraBisioT  co0oit  daKkTHUecKH
HE OTJIEJIbHBIC YACTHUIIBl MHTEPMETAIUINA, a 00JIACTH IBTEKTUUYECKOTO pacraja.
Nutepmerammuanoe coenuHenne CugY, oOpa3oBaBmieecss B pe3yJbTare
ABTEKTHYECKOTO TpeBpaileHus u cojaepxkamee 18.9 Bec. % Y, umeer ['TTY
KpUCTaUIMUecKyto pemerky. OObeMHass JOJsi Y4acTKOB, COAEp Kallux
uatepmetauaayro  $azy CugY ¢ T'TIY-pemerkoldi B JaHHOM Cilyd4ae,
cocraBmsia He Oonee S5 %. Bxiiouenus B CTpPYKType cIjiaBa Obuid
pacmpenesieHbl PaBHOMEPHO, W OHHM OOpa30BBIBATUCH IMPEUMYIIECTBEHHO TIO
rpaHuIlaM 3epeH.

B uucToit 6eckuciopoaHoi meau Hanbosee ocTpasi Kyondeckas TeKCTypa
dbopmupoBaIack B MPOIECCE YacCOBOTO OTXKUTa TpH Temiepatype 600 °C, mpu
NOBBIIIEHUH TeMmrepaTypbl oTxura g0 700 °C HaunHaiach BTOpPUYHAS
peKpHCTaUIH3aIs, TPUBOIAIIAS K JIerpajalnd KyOudeckoi Tekctypsl [3]. B
MeJU TeMIlepaTypa Hadaia IepBUYHON PEKPUCTATUIM3AIIUN COCTABIISUIA TTOPSIKA
200 °C, a B cmiaBax Cu-Cr u Cu-Fe, uccnegoBanubix B pabortax [2; 3],
peKpHCTaUIH3aIMsd HaYnHaIach IpH 00Jiee BBICOKOW TeMITepaType MPUMEPHO OT
250 mo 330 °C jus  pasHBIX  CIUIAaBOB, TMO3TOMY JUIS  CO3JaHMS
BBICOKOTEKCTYPOBAHHOTO COCTOSIHHS B JJAHHBIX CIUIABaX YCIHENTHO MPUMEHSIINCH
temriepatypbl omxura oT 700 mo 850 °C. Ha ocHOBe 3THX MaHHBIX JUIsl CIJIaBa
Cu-1%Y Obli BRIOpaHBI TEMIIEpaTyphl peKpUCTAIIN3AMOHHOTO oTxKura: 600,
700 u 750 °C. B pesynbpTaTe yacoBoro omkura yxe npu temmneparype 600 °C B
crutaBe chopMHpoBaIach ocTpas Kyouueckas Tekcrypa (puc. 1, a, 6). Ha EBSD-
MUKpPOKApPTE€ OPUEHTUPOBOK 3€PEH XOPOIIO BUIHO, YTO MOAABIISIIONIAS YACTh
3epeH UMEET cl1abo pasyinyarollytocs opueHTanuo. CylecTBeHHOE OTKIOHEHHE
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OT OCHOBHOM OpPHUEHTHUPOBKHU TMPOUCXOIUT JIMIIb B 00JaCTSIX, COAEpKaIIUX
uHTepmeTauaHyo $aszy CuegY (cBernbie 3epHa Ha puc. 1, a). YBenuueHue
TEMIIepaTyphl peKpUcTauIM3aluoHHoro otrxura no 700 °C npakTHdecku
HE MOBJIMSJIO HAa CTENICHb OCTPOTHI KyOU4YeCcKO# TeKCcTyphl (puc. 1, 6, 2).
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Puc. 1. EBSD-MukpokapThl OpHEHTHPOBOK 3epeH (a, 6), moitocHbIe (purypsl {001}
Y 9aCTOTHBIE paCIpeIeIICHHsI YTTIOB Pa30PHEHTUPOBKY TPaHMUIL 3epeH (0, 2) Ha MOBEPXHOCTH
TEKCTYpOBaHHbIX JIEHT U3 ciiaBa Cu-1%Y mocne omxwura B Teuenue 1 4 npu 600 °C (a, 6)
1 700 °C (s, 2). Jons 3epeH ¢ kyOn4eckoit opueHTHUPOBKO# Oosee 95 %

KomuuectBo 3epen ¢ opuentanueit {001}<100>%£10° Ha mMOBEpXHOCTH

TEKCTYpOBaHHOW JIeHTHI Tociie omkura npu 600 m 700 °C cocraBmio 95,4
u 95,9 % coorBercTBeHHO. Pexpucramnuzanmonnsiii omxur npu 750 °C, 1 4,
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KOTOpbIN ycremHo mpumensuics nis cmiaBoB Cu-Cr m Cu—Fe, oxkazancs
CIIUIITKOM BBICOKUM JUIS (OPMHUpPOBAaHUS W COXPAHCHUS COBEPIICHHOM
KyOnueckoil TekcTtypsl B ciuiaBe Cu-1%Y, T. K. B CTpyKType HaOJI0IaluCh
NPU3HAKKA Pa3BUTHUA BTOPUYHOH PEKPUCTAIUIM3AIMM U, CIEJA0BaTEIbHO,
CHIW)KEHME T KyOmdeckux 3epeH. OlleHKa MEXaHMYeCKUX CBOWCTB
TEKCTYpOBaHHOW JIeHTHI u3 cmiaBa CU-1%Y mokaszana, 4To JerupoBaHUE METU
UTTPUEM TIO3BOJISICT TMOBBICUTH TMPOYHOCTHBIE CBOWCTBA JIGHTHI BJBOE TIO
CPaBHEHUIO C JICHTOW U3 YUCTOU MEJU.

Paboma svinonnena npu noooepoicke npoexma YpO PAH Ne 15-17-2-16 u
epanma PODU Ne 16-03-00043.
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