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1. Hay4Hble OCHOBbI pPa3paboTKM MaTepPMaNOB C MHOrOYPOBHEBOM NEPAPXMUYECKON
CTPYKTYPOM, B TOM YNCNEe ON1A SKCTPEMAIbHbIX YCN0BUM SKCN/TyaTaumm

CTPYKTYpOH JAEMOHCTPUPYIOT IUIOXYIO IUIACTUYHOCTh M HU3KYK IMpPOYHOCTh. Hampspkenue
TEYEHHUS CIEYEHHBIX IO ONTHMAIBHOMY PEXUMY OOpa3loB ¢ KPEMHHUEM M IIMHKOM TaKKe
0Ka3aJloCh HECKOJIBKO HIDKE, YEM Y 00pa3LioB TOrO K€ COCTaBa Ha OCHOBE YMCTOTO aJIFOMUHUSL.
HccnenoBanre WX CTPYKTYpbl IMOKa3ajgo, 4ro Ha rpanune «Al-Sn»  obpasyrorcs
MHOTI'OYMCIICHHbIE MEJIKHE IOPbl, KOTOPbIE NPU HATPYKEHUU MaTepuana CTaHOBATCS MECTaMH
3apOXIEHUS TPEIIMH, PAacTyIIMX 3aTeM BIIOJb T'paHHIl pa3zena ¢a3. B To ke Bpems, Kuakas
(da3a aKTUBHO MpPENATCTBYET CTOJIKHOBEHHUIO 4YacTHIl TBEPAOH (a3bl M, cleroBaTeibHO, UX
CPacTaHHUIO B HETIPEPBIBHBIM MPOYHBINA KapKac, MPEMsITCTBYIOLUINH JIOKAIW3auuu aAedopMarium
[IPU IUIACTUYECKOM TE€UECHUH MaTepuaa.

HcnpiTanue cned€HHBIX O0paslloB Ha TPEHHE B Mape C CYyXMM CTaJbHBIM JIUCKOM IIO
cxeme ‘“‘masen — JUCK’ MOKa3ajo, YTO U3HOCOCTOMKOCTh MX HE IPEBBIIIAET U3HOCOCTOMKOCTH
00pa3loB ¢ 4YKUCTOW aTIOMHHHMEBOM Mmarpuueid. IIpm 3TOM HHTEHCHMBHOCTh H3HAIIMBAHHS
CIICYCHHBIX KOMIIO3UTOB CHJIBHO 3aBUCENIa OT CBS3aHHOCTM MAaTpUYHOro Kapkaca. Ha
OCHOBAHUU TOJYYEHHBIX PE3yJIbTAaTOB C/AEJIaH BBIBOJ, YTO Ui YIyUIIEHUS TPUOOTEXUUECKUX
CBOHCTB cHeuéHHble 00pa3lbpl C JIETMPOBAaHHOW  MaTpuled  cileqyeT  IoJBepraTh
JIOTIOJIHUTEIBHON 00pabOTKE 1aBIEHUEM C LIEIbI0 UX YIPOUYHEHHUS U YIIJIOTHEHUS.

PaGora Beimonnena B pamkax npoekta CO PAH (mporpamma [11.23.2.4) npu yactuunom
¢unancupoBanuu 1o npoexram PODHU Ne 16-08-00603 u Nel6-38-00236.

Jlureparypa:
1. Pycun H.M., CkopenneB A.JI. Cnoco0 monydeHuss W3HOCOCTOHKOTO aHTHU(PUKIMOHHOTO
crasa // [latent RU 2552208. — ony6u1. 10.06.2015.

MECHANICAL PROPERTIES OF ULTRAFINE-GRAINED LIGHT ALLOYS
AFTER TREATMENT BY SEVERE PLASTIC DEFORMATION
Kozulin A.A., Krasnoveikin V.A., Skripnyak V.A.
Tomsk State University, Tomsk, Russia
kzIn2015@ya.ru

The aim of this research is to determine the variations in mechanical properties of
ultrafine-grained (UFG) light structural Al-based 1560 and Mg-based AZ31 aloys after their
processing by the methods of severe plastic deformation (SPD). An interest in these aloys
stems from their special mechanical properties: high strength, hardness, friction coefficients
and wear resistance, high-strain-rate superplasticity, fatigue strength and mechanical behavior
under dynamic loading, which significantly differ from those of their polycrystalline
counterparts.

Samples of magnesium alloy AZ31 and aluminum alloy 1560 were manufactured from
the blocks (measuring 8 x 8 x 40 mm) subjected to processing by the method of equal -channel
angular pressing (ECAP) and as-received. Each block had undergone a 4 passes on the Bc
route.

Microstructure of specimens was analyzed for determination of a shape and grain size
distribution in the volume. The mechanical properties were determined by microhardness tests
and tensile tests under quasi-static loading.

Examination of the microstructure of the samples showed that samples of the as-received
AZ31 alloy had a grain size distribution in the size range from 2 to 60 um, and average grain
size was equal to 18 um. The grain size as received aluminum alloy had a distribution in the
range from 4 to 400 um, the average grain size of 50 um. After 4 ECAP passes under the
optimally selected conditions, a more uniform structure is formed within the bulk of the UFG-
structure with the average grain sizes are 2.5 and 7 um for aluminum and magnesium alloys,
respectively.
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1. Hay4Hble 0CHOBbI Pa3paboTKM MaTepmnanoB C MHOTOYPOBHEBOW MEPAPXMUYECKOMN
CTPYKTYPOM, B TOM YUCNE ANS SKCTPEMA/IbHbIX YCIOBUIA SKCMAyaTauum

The data obtained indicate that after ECAP micro hardness increases in the entire volume
of the blocks. After 4 ECAP passes, an increase in micro hardness from itsinitial value makes
on average 50-60 % and the maximum value reaches 980 and 1600 MPa, with the initial micro
hardness being as low as 560 and 1000 MPafor aluminum and magnesium alloy, respectively.
In the Central part of the samples, the microhardness is dlightly higher (10%) compared to the
average value. The deviation of the microhardness from the average value in the Central part of
the sample along the axis and in the transverse direction was within 10%.

The increase in the yield strength and the tensile strength of the investigated aluminum
and magnesium alloy after four ECAP passes were determined. The yield strength of 1560
aluminum alloy and magnesium aloy AZ31 increased from 150 to 270 MPa and from 150 to
200 MPa, respectively. The tensile strength increased from 320 to 460 MPafor aluminum aloy
and from 250 to 290 MPafor magnesium aloy.

All these data prove that ECAP ensures an improvement of strength characteristics of
both investigated bulk light constructional alloys.

This study was supported by the Grant of the President of the Russian Federation for the
young scientists (grant no. MK-5914.2016.1).
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MeronamMu npoCBEYMBAIOIIEH 3JIEKTPOHHOW MHUKPOCKONHWHW M MHUKPOUHACHTUPOBAHMS
npoBefeHO uccienoBanue cmiaBa V-6.8Cr-6.1Ta-0.797r-0.031C-0.0520 (Bec. %) mocie
TEPMOMEXaHUUECKON 00paboTKuM MO MoAM(HUIMPOBAaHHOMY pexumy [l] um mocimemyronmx
0JTHOYACOBBIX BaKyyMHBIX OTXHIOB IpH Temmneparypax 700 °C-1000 °C.

VYcTaHOBIIEHO, YTO TepMOMeXaHudeckass 0o0paboTka NPUBOAUT K (HOPMHUPOBAHUIO B
00bEMe MaTepuana BBICOKOAEC(PEKTHOTO CTPYKTYPHOTO COCTOSIHHSI C BBICOKOH 0O0BEMHOM
MJIOTHOCTBIO OJTHOPOJIHO pacipenesieHHbIX HaHopa3MepHbIX (<X 10 HMm) yactuil (a3 Ha OCHOBE
3JIEMEHTOB BHEAPEHHsI, 00ECIeUMBAIOLINX IUCIEPCHOE YIPOYHEHHE MaTepuana. YKa3zaHHas
MoJM(UKAIS CONPOBOXKIAETCS CYIIECTBEHHBIM YBEIMUYEHUEM 3HAYEHUH MUKPOTBEPIOCTH OT
1.5TTla (B ucxognom cocrosiuum) 1o 3.64 I'Tla.

[TpoBeneHne BHICOKOTEMIIEPATYPHBIX TEPMOOOPAOOTOK MO3BOJIUIIO BBISIBUTDH CIIEAYIOIINE
0COOEHHOCTH penakcaluu Ae(eKTHOM CyOCTpYKTYpbl U TpaHC(POPMALUU MENKOUCIIEPCHBIX
YaCTUIl BTOPHIX (a3:

— Ilocne omxura npu 700 °C B MaTepuasne cOXpaHAETCs BBICOKAs IUNIOTHOCTh YKa3aHHBIX
BbIIlIE HaHOpPa3MEpHBIX dYacTull (a3 BHeapeHus. Hawano penmakcallMOHHBIX TPOIECCOB
IIPUBOJUT K CHHKEHUIO MUKpoTBépaoctu a0 3 I'la.

—B mnpouecce Ttepmoobpabotrku npu 800 °C MHTEHCHMBHOE pAa3BUTHE IPOLECCOB
penakcalMi NPUBOJUT K 3aMETHOMY CHIKEHMIO IUIOTHOCTH J€(EKTOB U YMEHBIICHMIO
3HauYeHn MUKpOTBEpAocTu a0 2,64 I'Tla. I'erepodasHas cTpykTypa CIutaBa MPaKTHYECKH HE
U3MEHsSeTCs: pa3Mep U 0O0bEMHAs TJIOTHOCTh MEJIKOJUCIIEPCHBIX YacTUIl T€ e, YTO IOCcIe
omxura mmpu 700 °C.
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