Jle(peKThl KPUCTAJIINYECKOI0 CTPOCHUS



OUK — o6bemMHOoUueHTpupoBaHHas

"JQ I‘n" KyOunuyeckasi, UMeroT MeTannbil:
K 1 W, Mo, Cr, V, K, Na, Li, B-Ti, a-Fe

KY6I4‘-IeCKa$I, MMEKT MeTallJibl.

"“\‘Q 4% UK — rpaHeueHTpUpoOBaHHas
-~ Al, Cu, Ni, Ag, Au, Pb, y-Fe, Ce

I'MY — rekcaroHanbHas NmoOTHO-
ynakoBaHHas, UMeKoT MeTarnnbl:

Mg, Zn, o-Ti, Cd, Be, a-Zr, Os




PeanbHoe CTpoeHue
MeTannmMyeckmux Kpucrtanmnos

* ToyeyHble gedekTbl KpucTannn4eckoro
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* JlnciaoralnMoHHAas!

CTPYKTYpa MeTaJLia

(OpoCBeUHUBAIOIITA

9MeKTPOHHAA MAKPOCKOIIIA, [EF Sy
x 32 000)



CaMoopraHusaumsa AUCIOKaLUMUMOHHbIX CYBCTPYKTYP
Nnpu akTUBHOW AedopMauumn MetansioB 1 cnnasos (No
H.A. KoHeBoW)

; -::g:

a) xaoTudyeckoe pacrnpegeneHue ) HepasopUEeHTUPOBaHHbIE SYENKNY;
AncnoKaunn; O) MuKpornoriocoBas cybCcTpyKTypa;
6) ckonneHus; e) hparMeHTUpOBaHHas.

B) ceTyaras cybCcTpyKrypa;
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PacrmomnosxeHIie aToMOR B ITIOTHOVITAKOBAHHEBIX KPIICTaIUIITUe CKIX pelneTKax. CReTikie
KPVKKI- ITOTOoKeHI TiIa 1, HepHbIe KPYAKIL — TTOJIOKEHILA TIHIA 2, 3Be30UKIL — ITOTIOKEHILT
TIOIAa- 3.
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[edekTbl KpucTannnyeckoro CTPOeHus
1- 6onbweyanoeas epaHuya, 2- masioyanoeas epaHuya, 3 - 08olHUKosas epaHuua, 4 -
Mukpornopa, 5 - MukpompeuwuHa, 6 - Kpaesas oucriokayus, 7 - eakaHcus, 8 - amom
3ameujeHusi, 9 — amom eHedpeHus, 10 - MexghazHas epaHuya.




Ultrafine grained / nanostructured state in bulk of metal

Initial structure

The first paper reported about nanostructure formed in the bulk of metal (copper) with severe

plastic deformation method
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plastic deformation
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Ufa, Russia, 1991-1993

R.Z. Valiev, N.K. Tsenev, N.A. Krasilnikov, Mater. Sci. Eng., 1991
R.Z. Valiev, A.V. Korznikov, R.R. Mulyukov, Mater. Sci. Eng., 1993

RTU, 4.02.2016, Yurii Sharkeev



MeToa MHTEHCMBHOM NacTU4eckon aedopmanmm ans
nony4vyeHna YM3 coCcTosAHUSA

[Tnactnueckoe BO3IEHCTBUE COCTOUT U3 JBYX ATAIlOB.

| 5Tanm — MHOTOKpaTHOE OTHOOCHOE IIPeCCOBaHME B IIpecc-hopMme (MIu/u CBOOOTHOE
MIPECCOBaHMUE) C MOBOPOTOM OcH AedopMaruu Ha 90° mociie Kax0ro MpecCoOBaHUs U
MOCTOSTHHOM Temmeparype. Temneparypa noHuxaercs crynerdaro B uarepnaie 500-400°C.
Il 5Tanm — MHOTOKpaTHa IMpoKaTKa B PyYbEBBIX BaJKaX MPU KOMHATHOW TeMIIepaType.
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Pa3sMepbl NpyTKOB:
Il oTan (6x6x500) Mm
(== 1 Temmeparypa oTKura
IPYTKOB:
3 8 300 - 350°C, 1 uac, Ar

Cxema abc-tipeccoBanus u mociieayromieii mpokaTkyu o0pasioB: 1 — ucxoaHbid 00paserr; 2,3— MOBTOPEHUE

MOCJICAYIONMINX IIUKJIOB IIpeccoBaHus oOpasia B mpecc-popme; 4, S —TIOBTOPEHUE MOCAEAYIOMINX TUKIIOB
IpeccoBaHus CO CMEHOM ocu aedopmanuu 6e3 npecc-hopmbl; 6 — 0Opaszelr mocie NepBoro MUKIa

npeccoBaHus 0e3 mpecc-hopmbl; 8 — MpoKaTKa B PyUbEBBIX Ballkax; 9 — oOpa3en; B BUAE MNpyTKa Mocie
MPOKATKU

«MepcnekTuBHbLIE MaTepuarnbl C MepPapXmMyYeCKon CTPYKTYPOU ANSA HOBbIX TEXHONOrMmn
M HageXHbIX KOHCTPYKuui», NOMM CO PAH, 1-5 okTabps 2018 r., ToMck LLlapkees tO.MN. 19



Microstructure of nanostructured titanium
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" ﬂ Bright field images with microdiffaction patterns and
¥ dark field images of the nanostructured / ultrafine grained
titanium microstructure.
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RTU, 4.02.2016, Yurii Sharkeev



Microstructure of nanostructured titanium and
histogram of the structural elements size

Before annealing After annealing at 300°C
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I The microstructure of the samples
was analyzed using transmission
electron microscopy. The sizes of
. structural elements were measured
%% in the TEM dark field images.

. The rolling during the second stage
@ moulds nanostructured state
. NERNOINE N ‘ . homogeneous by volume, with
40 40 the average size of the structure
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254 25 structure have low ductility under
sool N - 20 tension, not exceeding 1-2%. The
ST\ “15] N annealing at the temperatures of
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] ] N preserving the type of titanium
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elements till 110 nm.
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Mechanical behavior of nanostructured
titanium at tension
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The results of uniaxial tension tests of nanostructural titanium samples are presented in
the deformation diagram. The curve 1 is for the initial coarse-grained titanium (yield point
is 270 MPa, ultimate strength is 400 MPa, plasticity is 25%). Formed nanostructured
state (curve 2) ensures the considerable growth of the mechanical properties of titanium

under satisfactory ductility (yield point is 1000-1100 MPa, ultimate strength is 1100-1200
MPa, plasticity is 6 %.

0, MPa
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Billets from Nanostructured / Ultrafine Cﬁined Titanium

Length of bars is ~15-20 cm T_
e —— 4 Length of bars
— — is~210cm
and more

Our first
experiment

Ourlast ~
experiment |

or e

The images of nanostructured titanium billets are represented. Billets have
the square or round section and length of 0.5 -1 m and more.
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Set of dental intraosteal screw implants from nanosructured
m with tools and accessories
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The dental implants from nanosructured
titanium have been tested in clinics of Moscow, Novosibirsk, Novokuznetsk and Tomsk.
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The results are positive.
RTU, 4.02.2016, Yurii Sharkeev
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UccnepoBaHMe cnnaBoB CUCTEMbl TUTaH-HUOOUKM ONA NpPUMEHeHnsa B MeAuUUHe
nposoaaTca B PO (MPIMM CO PAH, «kMUCuCx», YIATY), B Kutae, CLUA, AnoHuu un

Op. CTpaHax.



MukpocTpykTypa YM3 cnnaBa Ti-45 Mac.% Nb nocne omxuros

EpoweHko A.1O.
OTKkpbIiTas wkona-koHgpepeHuma ctpaH CHIN «YIIbTPAMENKO3EPHUCTBLIE U HAHOCTPYKTYPHBIE MATEPUAIDI - 2018», UTMCM PAH, 1-5 okts6psa 2018 ., Yda



TepMOCTabUIIbLHOCTL MUKPOCTPYKTYPbl U MEXaHUYECKUX
cBonctB YM3 cnnaBa Ti-Nb

PekpuctannusaunoHHbIE N30XPOHHbIE OTXXUrK, 1 yac
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B 3aB1CMMOCTI cpedHero pasmepa
9JIeMEHTOB CTPYKTYpbI (KpmBas 1)
N MUKPOTBEPLOCTU (KpuBas 2) ot
TemnepaTypbl OTXXura










[edekTbl KpucTannnyeckoro CTPOeHus
1- 6onbweyanoeas epaHuya, 2- masioyanoeas epaHuya, 3 - 08olHUKosas epaHuua, 4 -
Mukpornopa, 5 - MukpompeuwuHa, 6 - Kpaesas oucriokayus, 7 - eakaHcus, 8 - amom
3ameujeHusi, 9 — amom eHedpeHus, 10 - MexghazHas epaHuya.




