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JIMHerHbIe 1e(eKThl KPUCTAIHYECCKOIO
CTPOCHUSH
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KpaeBas guciokanus BuHTOBasA guCIOKaLUA

AA’BB’ — 3KcTpan/io cko crs; P — NpWiIoyKeHHOe Y CHIHe
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N300paxeHuss TUCIOKANMOHHBIX CTPYKTYP B
NPOCBEYMBAKIIEM IEKTPOHHOM MUKPOCKOIIEe




N3o00paxkeHue TMCIOKANMOHHOU CETYATOM CYOCTPYKTYPbI
B MIPOCBEYMBAIOIEM YICEKTPOHHOM MHUKPOCKOIIEe

» JlncaokanHoOHHAasA
CTPYKTYpA MeTaJLia

(IpOCBEUHUBAIOIITAA

NEeKTPOHHAA MUKPOCKOIIN, [ g*"if )
x 32 000)



Camoopranusanus JUCJI0KANMOHHBIX CYOCTPYKTYP

P AKTUBHOHU JAe(popMallid METAJLJIOB U CILIABOB
(KoneBa H.A.)

a) XaoTHYeCKOe pacnpeaejeHue I) HEPA30PUEHTUPOBAHHbIE STYEHKHN
AMCIOKAUN 1) MUKPOIIOJI0COBasA CYOCTPYKTypa
0) CKOIICHUS AUCIOKAIMH e) pparMeHTHPOBaHHAA CYOCTPYKTYypa

B) ceT4yaras CyOCTPyKTypa



MaJioyriioBasi 1 00J1b1IEYIJIOBASA TPAHULIBI

Manoyrnossie v 6onbLeyrnoBbie rpaHvubl B Fey
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MopenupoBaHue ae(eKra ynakoBKH

PacrionoskeHrie aTOMOR B ITIOTHOVITAKOBAHHBIX KPIICTaIUIITUe CKITX pelneTKax. (CBeTIble
KPVKKII- TTOTOKeHIA T1Ia 1, YepHEIe KpyIKKII — TTOMTOKEHIE TIIA 2, 3Be3JOUKIL — ITOTOKEeHILA
TIOIA- 3.




N3o00paxkeHus 1e(eKTOB YIAKOBKH B
MPOCBEYMBAIOIIEM JIEKTPOHHOM MUKPOCKOIIE




JIBOMHUKOBAsI CTPYKTYpa

Kpucrasuimyeckas peuierka Kpucraminyeckoe crpoenue
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MaJoyriioBas (a) u 0oJbIIeyrioBasi (a) rpaHUIbI

Kpucramnimnyeckas peuierka

N300pakenuss MaJIOYIJIOBBIX (2) U 00JIbIIEYIJIOBBIX IpaHuil (0)
B MPOCBEYMBAIOIIEM IEKTPOHHOM MHKPOCKOIIEe



MN300pakeHnss MAJIOYIVIOBBIX () U 00JbIIEYIVIOBBIX I'PaHull (0)
B IIPOCBEYMBAIOIIEM YJICEKTPOHHOM MHUKPOCKOIIE




IHoaukpucrauindyeckas CTPYKTYpa,

PAa3HBIA pa3Mep 3epHa
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IHomukpucrauin4eckass CTpyKrypa,
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Je(pekThl KPUCTAINYECKOI0 CTPOCHUS

1- 6onbweyeaniogas epaHuya, 2- Mmasnoyarnoeas epaHuya, 3 - 08olHUKO8as epaHuya, 4 -
Mukporopa, 5 - MukpompewuHa, 6 - Kpaesas oucriokayus, 7 - eakaHcus, 8 - amom
3ameweHus, 9 — amom eHedpeHus, 10 - MexghasHas epaHuya.
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Ultrafine grained / nanostructured state in bulk of metal
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plastic deformation
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The first paper reported about nanostructure formed in the bulk of metal (copper) with severe
plastic deformation method
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



MeTo HHTEHCUBHOM MJIACTUYECKOHU JedopMaiuu IJIS MOJTyYeHUA
HAHOKPUCTAIMYECKOI0, YIbTPAMEJIKO3EPHUCTOr0 COCTOAHUMN

[nactnueckoe BO3IEMCTBUE COCTOUT U3 IBYX ITAIMOB.

| 5Tanm — MHOTOKpaTHOE OTHOOCHOE IIPeCcCOoBaHKE B Iipecc-hopMme (MIu/u CBOOOTHOE
MIPECCOBAaHME) C MOBOPOTOM ocH Jedopmaiinu Ha 90° mmociie Kax0ro MpecCoOBaHMs U
MOCTOSTHHOM TeMmneparype. TeMieparypa nonuxkaercst crynenyaro B uareppaie 500-400°C.
Il 5Tam — MHOTOKpaTHa IMpOKaTKa B PyYbEBBIX BaJKaX MPU KOMHATHOW TeMIIepaType.
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— (= 0 Temmeparypa oTura
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g 71 8 300 - 350°C, 1 ac, Ar

Cxema abc-tipeccoBanus 1 mocieayromieii npokaTku o0pasioB: 1 — ucxoaHbIl oOpaselr; 2,3— MOBTOPEHUE

MOCJIEYIOMNX IIUKJIOB IIpeccoBaHus oOpasia B mpecc-popme; 4, S —TIOBTOPEHUE MOCAEAYIOIINX [TUKIOB
MpeccoBaHus CO cMeHOM ocu aedopmanuu 6e3 npecc-hopmbl; 6 — 0Opasell mocie NepBOro MUKIa

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



OoOopynoBanue 1Jisl MOJYyYEHHUS YILTPAMEIKO3EPHUCTOIO COCTOSTHUS
B TUTAHOBBIX cijiaBax. [IpeccoBanue B mpecc — (popMe Ha npecce H
MPOKATKA B Py4YbeBbIX BAJIKaX
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N300paxkenue yIbTPaMeJIKO3ePHUCTOIO COCTOSIHUSI B TUTAHE
BT1-0 B npocBeunBamoIneM 3JJeKTPOHHOM MHUKPOCKOIIE

T S A )
eAcquisition Date Camera Length
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500 nm-

CBeTI0nO0IbHBIE U300PaKEHUS C
MUKPOJAU(DPAKIIMOHHON KaPTUHON U TEMHOIIOJbHBIM
M300pKEHUEM YIBTPAMEIKO3EPHUCTOM
MHUKPOCTPYKTYPbI B TATAHE



N300pakeHrss HAHOKPUCTALJIMYECKOI0 COCTOSIHUSI B TUTAHE
BT1-0 B npocBeunBamoIneM 3JJeKTPOHHOM MHUKPOCKOIIE

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
B8 in the TEM dark field images.

_ Y . The rolling during the second stage
4= moulds nanostructured state

i Bk ‘ S homogeneous by volume, with
40 40 the average size of the structure
35- _ 35- _ elements equaling 60 nm.
30 Omean=60 £20 Hi j0] Gmean=110E30HM | 1o titanium billets with this micro-
25- 25 structure have low ductility under
sl N < 20- tension, not exceeding 1-2%. The
3'15_- § N * 15] N annealing at the temperatures of
o] AN 10 SRR 300°C increases the plasticity while
;. ] N preserving the type of titanium
0 SN & 0k NN structure with the small
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MexaHn4yeckue CBOMCTBA
HaHOKpHCcTaInYeckoro turana BT1-0
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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




IIpyTkn yabrpamesiko3depaucToro turtana BT1-0

Length of bars is ~

Length of bars is ~ 15-20 cm 210 cm and more
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Length of bars is ~ 20-30 cm

Our first
experiment

Our last
experiment



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.

The results are positive.



CpaBHeHue c aHanoramw

KOCTb Ti =45 Nb 2 T . KepaMuka
: 4790 ’1
2 3d°4s’ &
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JlerkocTb + + -
00paboTKu

HUccnenoBanue cnjaBoB CHCTEMbl THUTAH-HHMOOMN /A MNPUMEHCHHUS B
MequuuHe mnposoasarcss B PO (UPIIM CO PAH, «MUCuC», YIATY), B
Kurae, CIIA, fAinionuun 1 Apyrux crpaHax




Muxkpoctpykrypbl YM3 ciaBa Ti-45 mac.% Nb mocuie oT:kuron




TepmocTaOMIBLHOCTL MHKPOCTPYKTYPHI H MEXaHHYECKHX CBOMCTB
YM3 cmiaBa Ti1-Nb

PerI/ICTaJIJII/IBaI_II/IOHHBIG N30XPOHHBIC OT7KHUI'U, 1 gac
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B 3aBMCUMOCTH cpenHero pasmepa
9JIEMEHTOB CTPYKTYpbI (KpmBas 1)
N MUKPOTBEPLOCTU (KpuBas 2) oT
Temneparypbl OTXura
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