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®OPMHPOBAHME VIIOPSJOYEHHOM ITO TUITY L1,
CBEPXCTPVYKTYVYPHI B CIIVIABE Cu—8at.%Pd

OOGHapyXeH HEIOCTAaTOK JIUTePATypPHBIX MCTOUYHHUKOB IO CTPYKType
U QU3HKO-MEXaHUYECKUM CBOMCTBaM CILJIABOB MEJIUM C COAEpPKaHUEM MaJliaaus
menee 10 ar. %. BwisicHeHo, uro B oOmenpuHATON (a3zoBOl auUarpamme
cuctembl Cu-Pd TtemmeparypHo-koHLIeHTpanmoHHasi rpanuna mexay ['HK-
dazoit u ynopsgoueHHo L1,-a3oit mpoBeaeHa 0e€3 COOTBETCTBYIOIICH
AKCHEPUMEHTAIbHON NoAepKKU. [IpoBeIeHO n3yUueHHe SBOIIOLNU CTPYKTYPHI,
MUKPOTBEPAOCTH UM  YJAEJIBHOTO  3JIEKTPOCONPOTUBIICEHUS B  MpOLEcce
JUTUTEbHBIX OTXKHUTOB cruiaBa Cu—8ar.%Pd. BeisBieH aHOMAalbHBIM POCT
AIIEKTPOCONPOTUBIIEHUS U MHUKPOTBEPJIOCTH B IPOILECCE OTKHUIA CIIaBa MIpH
temreparypax 250 wum 300 °C. OGHapyXXeHHbIE aHOMAIMH CBA3aHBI
¢ oOpa3oBaHueM 3apojibiiieit ynopsoueHnoi L1,-hasbr.

Knrouesvle cnosa: cmnnaBbl Menpb—namiaaui, (a3zoBble NpeBpallCHUs,
cBepxcTpykTypa L1,, CTpyKTypHBIE METOABI HCCIEAOBAHUS, KpUTHUUYECKAs
TeMIeparypa ynopsiioueHus.

K. O. Lavrinova, A. E. Kostina, A. Yu. Volkov

L1,-TYPE ORDERED SUPERSTRUCTURE FORMATION IN THE
ALLOY Cu-—8at.%Pd

It was found out literature sources' shortage on copper alloys' with the
palladium content less than 10 at% as in structure, mechanical and physical
properties. The structure evolution, microhardness and specific electrical
resistivity of the Cu—8%at. Pd after prolonged annealing was studied. The
increase of microhardness and specific electrical resistivity pre-deformed alloy
during annealing is an anomaly. It was made a conclusion that this phenomenon
occurs due to L1,-phase ordered nucleus formation.

Keywords: copper-palladium alloys; phase transformations; L12-type
superstructure; structural method of study; critical temperature of ordering.

BBenenue
Menp u ee cruiaBbl TPAAUIIMOHHO HCIIOJB3YIOTCS B JJIEKTPOTEXHUKE M
pUOOPOCTPOCHUN B KaueCTBE MPOBOAHUKOBBIX MaTepuanoB [1]. Panee namm
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ObUIO IPEUIOKEHO PACCMOTPETh B KAUECTBE MPOBOISAIIEH MAaTpPUIbl CIUIABbI
Cu-Pdc conepxkanmem mnamnagus wmeHee 6 atr.% [2]. Takume cruaBsl
XapaKTEPU3yIOTCS  OTHOCUTEIBHO  BBICOKOM  3JEKTPOIPOBOAHOCTBIO U
MOBBIIIICHHON KOPPO3MOHHOM CTOMKOCThIO. OJIHAKO, CTPYKTypa U (HU3HKO-
MEXaHUYECKHE CBOKCTBA CIUIABOB MEIU C COZAEp)KaHueM mnamnagus meHee 10
aT.% paHee MpakTUYECKU He uccienoBanuch. K mpumepy, Ha oOIIENpUHITON
¢azoBoil guarpamme (puc. 1), Ha IeBOW rpaHuiie pasjena 0ecropsAOK-MOPAIOK
(pa3ynopsii0YEHHBI  O-TBEPIBIII pacTBOp — CBEpXCTpyKTypa Tuma L1,)
OTCYTCTBYIOT 3KCHEPUMEHTAJIbHbBIE TOUKH [3].

Iannaamii, mace.%
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Temmnepatypa, °C

c A 2
Cu IManaamit, ar.%

Puc. 1. Yuacrok a3oBoit nuarpammsl crutaBoB cuctembl Cu—Pd [3]. BeprukanbHol nuHMEH
MOKa3aH cOCTaB UccieayeMoro ciuiaBa. CuMBonamu (0) 0603HaYeHBbI TeMIIepaTyphl
00paboTKH

[lenpto maHHOW pabOTHI SBIACTCS BBIICHCHHE KUHETUKH aTOMHOTO
YHOPSIAOUCHHS] U YTOUHEHHE TeMIEpaTypHOM rpaHullpl (ha30BOT0 MPEBPAILICHUS
OecropsIIOK—TOPSIOK B CIJIaBE MEIb-NAJUIAUNA C COAEp)KAHMEM Iajliagus
8 ar.%.

JKCNePUMEHTATbHBIE Pe3yJIbTATHI

Jns u3ydeHust 3BoJOIMU CTPYKTypbl cmiaBa Cu—8ar.%Pd B xone
ATOMHOTO YHOPSAIOYECHHS ObLTN B3sIThI 00pa3iibl B IBYX MCXOJIHBIX COCTOSTHUSIX:
3aKaJICHHOM Moclie oTKura B TeueHue 1 yaca npu temmneparype 800°C u cuinbHO
nehopMUPOBAaHHOM (BeMWYMHA WCTUHHOW nedopmanuu coctaBuia € <~ 7.1).
Panee ObLIO yCTaHOBJIEHO, YTO MpeABAapUTEIbHAS MHTCHCUBHAS IJIACTUYECKAas
nedopMaiysi NPUBOAUT K YCKOPEHHIO (P OPMUPOBAHUS YIIOPSJOUECHHON MO TUITY
L1, cTpykTypsl B cruiaBax Meap-niajuiaanid BOmu3u crexuomerpun CusPd [4].
DTO MOATBEPAWIIA M HAIIW UCCIEAOBAHUS: 3apObIIIeHd YIOPSAOYEHHON (a3bl B
oOpa3lax 3akaJIeHHOTO CcIulaBa He ObUIO 3a(MKCHUPOBAHO JIaXKe IIOCIE
JUIMTENIbHBIX OTXKUTOB [5]. JlJis MpoBeIeHNs SKCIIEPUMEHTOB CIIIAB MOABEPTajcs
JUIMTEIIbHOMY OT)KHUTY B T€U€HHE 2,5 MeCAIlEeB CO CTYNEHYAThIM OXJIAKICHUEM
or 300°C, o 50 rpamycos uepe3 Kaxabie 3 Hemend. OTMETHM, 9TO MPSIMBIMU
CTPYKTYPHBIMH METOJAMH TPHUCYTCTBHUS 3apObIlIei yHopsa0oYeHHON (a3bl B
UCCIIEIyeMOM CIUIaBe HE OOHapyXeHO Jaxke Tocle TaKOW JJIUTEIbHOU
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00pabOTKHU: MO JTaHHBIM PEHTT€HOCTPYKTYPHOIO aHaiM3a M MPOCBEUMBAIOLICH
AJEKTPOHHOM MuKpockonuu ciuiaB sBisiercs ['LIK-tBepnbiM pactBopoM. B
CBOIO OYEPEOb, PE3UCTOMETPUYECKOE HCCIECIOBAHUE SIBISAETCS CTPYKTYPHO-
YYBCTBUTEJIBHBIM METOJIOM, HCIIOJIb30BaHUE KOTOPOIrO MO3BOJISIET JIOCTATOYHO
JErKO  BBISIBUTh  HayajbHbIE CTaAUM ATOMHOIO  YIOPSAOYECHUS  WIH
TUCIIEPCUOHHOTO TBEPACHUSI.

Ha puc. 2 npeacraBieHsl rpa@uKd — U3MEHEHUS  yJEIbHOIO
3JIEKTPOCONPOTUBIICHUSI B XO/I€ OTKUTOB 00Pa3L0B Ae(POPMUPOBAHHOTO CILIaBa
Cu—8ar.%Pd. O6paboTKy HEOOMBIION MPOIOKUTETLHOCTH MPU TEMIIEpaTypax
350 u 400°C cHauyana HOPUBOJAT K POCTY IJIEKTpOCOMpPOTUBICHUS. OIHAKO,
3aTEM DJEKTPOCOIPOTUBJIEHUE CIUIaBa OT MPOJOJDKUTEIBHOCTH OTKUIOB
IPAKTUYECKA HE 3aBUCUT (KpuBbIe 4 U 5 Ha puc. 2). B xoae BbIIECPXKU TpH
MuHUManeHON Temmeparype 200°C HabmomaeTrcs O4eHb cladoe yBEIMYCHHE
AIIEKTPOCONPOTUBIIEHU (KpuBas 1 Ha puc. 2).

-1 15 mMuH
-1 vac
— 6 yac
— 1 mec

g5 | 10ed. +200°C A
2 lep. +250°C 3

s 3 led. +300°C

© 834 | 4 Jedp. +350°C ’

b r .
i
P g
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I'Ipop,on}mTen BHOCTb OTXWra, CekK.

Puc. 2. 3aBHCHMOCTB YJIEIIBHOTO AJIEKTPOCOIIPOTHBIICHUS J1e()OPMUPOBAHHOTO CILIaBa
OT MPOJOHKUTEIHLHOCTH TEPMOOOPAOOTKHI

B cBorw ouepens, mpu temneparype 250 °C mNpouCXOIHUT HENPEPBIBHBIN
POCT BJIEKTPOCONPOTUBIICHUS, KOTOPBIM HE 3aKaHYMBAETCS Ja)Ke IMOCe Mecsa
TepMooOpaboTku (KpuBas 2 Ha puc. 2). OTMETHM, YTO OTKHUT 00pa3IoOB CIUIaBa
npu temreparype 300 °C Takxe COMpOBOXKAAETCA 3HAUUTEIbHBIM MTOBBIILIEHUEM
YACIBHOTO AJIEKTPOCONPOTUBIICHUS (KprBas 3 Ha puc. 2).

JInst BBISICHEHUSI CTPYKTYPHOTO COCTOSIHMS, KOTOpoe (opmupyercs B
UCCIIElyEMOM CIUIaBE B PE3YyJIbTaT€ HU3KOTEMINEPATYPHBIX OTKHUIOB, ObLIa
IpoBeJieHa TepMOOOpaboTKa OONBIION MPOJAOIIKUTENBHOCTU. JIUTEIBHOCTD
TepMo0oOpaboTku mpeBbicuia 2 Mecsua. Mcxoas u3 MoJyuyeHHBIX pe3yJbTaToB,
OTKUTH CIUIaBa mpu Temreparypax Hiwke 200 °C He mpeacTaBiAiOT HHTEPECa C
TOYKU 3peHus (opMHUpoBaHHS B HEM HOBOW (a3pl. OgHAKO, TPH TaKOM
MEJUICHHOM OXJIQKJICHUH B TPEJIBAPUTEIHHO AehOpPMHUPOBAHHOM 0Opasiie Oblia
chopMHrpoOBaHa MaKCUMAIHLHO PABHOBECHAS CTPYKTYpA.

TemneparypHass 3aBUCUMOCTb 3JIEKTpOCONpPOTUBIEHUs crutaBa Cu—
8ar.%Pd mocie murenproro oxnaxaeHus ot 300 °C npencrasieHa Ha puc. 3. B
UCXOJHOM  COCTOSHMM  CIUIaB ~ MMEET  CaMO€  BBICOKOE  YJIEJIBHOE
BHCSKTpOCOHpOTI/IBJ'IeHI/Ie, JOCTUTHYTOE€ B XOJI€ HAIIMX HUCCIEAOBAaHUM: p = 8,72 *
10” Om m.
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Puc. 3. TemneparypHast 3aBUCIMOCTb JIEKTPOCOIIPOTUBIICHUS TPH HATPEBE M OXJIAXKICHUU
obpasma cruiaBa Cu—8at.%Pd

Harpes BBI3bIBAET POIOPIMOHATIEHOE MOBBIIICHUE
AIIEKTPOCONPOTUBIICHHUS, YTO HAPYIIAeTCs IPU TeMIreparype HemHoro Huxe 350
°C. B wunrepsane rtemmeparyp 340-380 °C »1eKTpOCONPOTHBICHUE CILIaBa
MpakTUYeCKu He wu3MeHserca. llpu nanpHeilleM HarpeBe CKOpPOCTh pOCTa
AJIEKTPOCONPOTUBIICHHUS BO3BPAIlla€TCA HAa MPEXHUN ypoBeHb. [Ipu oxnaxaeHuu
KaKuX-T1u00 0COOEHHOCTEH HE HaOroAaeTCs: CHUKEHHE
AIIEKTPOCOTPOTUBIICHHUS TPOUCXOAUT C MIOCTOSTHHOW CKOPOCTBIO.

OCOOEHHOCTBIO CILUIABOB CHUCTEMBI MEIb-TIAJIAAUN SBISETCS HEKOTOPOE
MOBBIIICHUE YACIBHOTO AJIEKTPOCONPOTUBICHUS B Xone (HOPMHUPOBAHMS
ynopsioueHHou 1o tuny L1, cTpykTypsl [6]. DT0 ObL10 YOSAUTENIBHO MOKA3aHO
€Ile B MIEPBBIX UCCIIENOBATEILCKUX Pab0TaX, MOCBSIICHHBIX H3yYCHUIO CUCTEMBI
Meap-namaguil BOau3u crexuometpun CusPd [7, 8]. IlpoBeneHHbld Hamu
JUTEPATYPHBIA TMOUCK HE BBISBUJ JIUTEPATYPHBIX MCTOYHUKOB, MOCBSIICHHBIX
uzydenuto craBa Cu—8ar.%Pd.

Panee [2] MBI IpUIIUTA K BBIBOAY, YTO MPUYUHON POCTa MUKPOTBEPAOCTU
U YIEIBHOTO AJIEKTPOCOMPOTUBIICHHUS SBIIsIETCA (POPMHUPOBAHUE B HCCIIETyEMOM
CIUTaBE 3apojbliieil ymopsigoueHHOM (a3pl. OmHaKO, BCE HAIIM TOMBITKH
OOHapyXuUTh ATy (ha3y MPSAMBIMH METOJaMHu (MPOCBEUYMBAIOINIAS AJICKTPOHHAS
MUKDPOCKOIIMSI W PEHTTEHOCTPYKTYPHBIA aHAIW3) TOCIAE OTXKHUTOB MaJou
MPOJIOJDKUTERHOCTH — ycriexa He wuMenu. lloarBepauts (opmupoBaHue
3apOMBIIICH yHOpAIOYeHHOW a3kl B MPEABAPHUTEIBLHO ne(opMupoBaHHOM
CILIaBE yAAJI0Ch TOJIBKO IOCJIE JUIMTEIBHOT0 OTKUTa Ipu TeMmueparype 250 °C B
teueHue 3,5 wmecsaneB. CoOTBETCTBYOIIas MHUKpoAu(pakius, Ha KOTOpOM
UMEIOTCSI CBEPXCTPYKTYpPHBIE OTpakKeHHs, MpeacTaBicHa Ha puc. 4. Takum
o0pa3oM, TPHUMEHEHHE KOCBECHHOW CTPYKTYpHO-UYBCTBHTEIBHOH METOIUKH
(pe3ucToMeTpusi) TMO3BOJWIO OOHAPYXUTh (QopMuUpoBaHME HOBOHM  (a3bl
3HAYUTETHHO PaHbIIIE, YeEM YIAI0Ch HAOMIOAATh €€ MUKPOCKOTTMYECKUM Ty TEM.
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Puc. 4. Mukpomudpaxius ¢ yaactka oopasia crmiaBa Cu—8ar.%Pd, KoTopsiii OBLIT OTOXOKECH

npu temneparype 250 °C B Teuenue 3,5 mecsres; ock 30HsI [100]

Paboma ewinonnena 6 pamxax eocyoapcmeennoco 3aoanus DPAHO

Poccuu (mema «Hepopmayus», Ne 01201463327) u npu yacmuynou
noooepoicke PODU (npoexm Ne 17-33-00446 _mon_a).
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