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BBenenune

TepMuHBl  «YJIBTPAIUCIEPCHBIE TMOPOLIKW» H  «YJIBTPAJUCIIEPCHBIE CHUCTEMBI» BIEPBbIC
omyOnukoBaHo B 1977 1. B kHUTE «YIBTPaIUCIEPCHBIE METAUIMYECKUE CPEbl», HAMMCAHHOW MO
pykoBoacteoM H.JI.MopoxoBa 10 MarepuanaMm, HAKOIUICHHBIM B MPOLECCE IIOUCKA PELUICHUU
pas3aeneHns U30TONOB YpaHa.

Jlo 9TOrO0 HUKTO HE MyOJWKOBAj JAaHHBIX O HAaHOCOCTOSHUU. K 3TOMy BpeMeHU ObUIH yXKe
W3BECTHBI 30JIM OJIArOPOAHBIX METAJIJIOB, YEPHU METAJUIOB U JAPYTHE€ KOJUIOWJHBIE CHUCTEeMBI. [lo
kinaccudukaruu OctBanmpaa (XVII Bek) pasmep dactui koimtonoB coctasiasieT or 10 qo 100 mwm.
Ecnm xapaktepnsliii pasmep dactui < 10 HM, TO TaKue 4aCTHUIIBI OTHOCAT K KOJUTOUIAM.

B 1993 r. memenkuii yd4eHbl 3UTeNb MPEMIOKHI OTHOCHUTH K HaHOMAaTpuajaM BeIIECTBa,
COCTOSIIIINE U3 TIOPOIIKOB MJIM KPUCTAUIUTOB, pazmep KOTopbix < 100 HM X0Ts OBl 1O OJAHOU OCH B
MIPOCTPAHCTBE.

B HacCToAIICC BPCMA HUACT HAKOINUICHHUC JAHHBLIX O HAHOCOCTOSHHUH, HO YIKC celyac MMEIOTCS
YYCHBIC, KOTOPBIC CYMTAIOT, YTO HAHOCOCTOSIHHMC — OTO PAHEC HCU3BECTHOC COCTOSIHHEC BCIICCTBA.
MMPOMCIKYTOYHOC I10 CBOMCTBaM MCKAY KUIAKOCTBIO U TBCPAbIM TCIIOM
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OcHOBHBIC MOHATHUSA

HaHonmopomok — IOpOIIOK, CPEIHHUN MOBEPXHOCTHBIM IHAMETP 4YaCTHUI[ KOTOPOro He
npessiaetr 100 Hm.
Hanomarepuasa — KOHCOJIMIMPOBAaHHBIA MaTepual, IOCTPOSHHBIN u3 (parMEHTOB

CTPYKTYphl (KpuctayummToB), uMeromux pasmep < 100 HM, xors Obl 1O OAHOH OCHU B
MIPOCTPAHCTBE.

Hanozepuo — o6nacte ( mauamerpom < 100 HM )B CTPYKType KOMIIAKTHOIO MarepHaja,
UMeEIOIasl ONMpPEJCICHHBIM XUMUUECKUN U (ha30BbI COCTAB M XapaKTEPHU3YIOIIAsACs IIJIaBHO
MEHSIOIITUMCS] COCTAaBOM C OKPY’KAIOIIMMH HAHO3EPHAMHU.

YiabTpagucnepcHblii MOPOIIOK — IIOPOIIOK, YaCTHIIBI KOTOPOIO0 XOTS ObI B OJHOM
HalpaBJICHUM HUMEIOT pa3MEp, CPaBHUMBIM C MaclITaboM Kakoro-HuOydb (PU3UYECKOTO
SBJICHUSI WM TpOlIecca, HampuMep, ¢ JJIMHOM CBOOOIHOTrO mpodera 3JIeKTPpoHa, ¢ pa3MepaMu
(oHOHA, TOJISIPOHA U T.]I.

HaHnococTosiHue BemecTrBa — CTPYKTYPHO-DHEPIeTHUYECKOE COCTOSHME  BEIIECTRA,
JTUCIIEPTUPOBAHHOIO JI0 YPOBHS HAHOYACTHII, YCTAaHOBHUBIIEECS B pe3yJbTare B3aMMHOIO
BJIMSIHUS MTOBEPXHOCTH M 00beMa B HAHOYACTHIIE.

3amaceHHasi HYHEPrus HAHOYACTHIBI — DSHeprus ( TeEIIoTa, JJICKTPHYECKHE IIOTOKH,
SJICKTPOMArHUTHOE M aKyCTUYCCKOE U3IIYUYCHHUE ), BBIACIAIONICECS IIPU HAarpEeBaHUH, CHKATHH
WM APYroM BO3JEHCTBUM Ha 4YacTHIly B pE3yJbTaTe Iepexoja M3 METacTaOMIBLHOIO B
CTaOWJIbHOE COCTOSIHUE. 3anaceHHasi JHEPTHsi HAHOMOPOUIKA — DHEPIUsl, BBIJCIAIONIAsICS B
pe3yibTaTe mepexojia OTACIbHBIX YaCTUI] U3 METACTaOMJIbHOTO B CTAOMILHOE COCTOSIHHUE U B
pe3yibTaTe CIIeKaHUsl YaCTHI] C YMEHBIIIEHUEM HX TIONIAN YIeIHbHON MTOBEPXHOCTH. .
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3ayeM HYKHBI HAHOMIOPOIUIKM ?

HNHTEpec K HAHOUCTIEPCHBIM MaTepHualiaM CBSI3aH C TEM, YTO OHU HAaXOISIT Bce OoJiee
IIMPOKOE MPUMEHEHUE B KQUE€CTBE UCXOMAHOTO ChIPhS IMPU MPOU3BOJICTBE KEPAMUYECKUX U
KOMITO3UIIMOHHBIX MaTE€pUalioB, CBEPXITPOBOAHUKOB, COJIHEUHBIX OaTapeu, PuiabTpoB,
rETTEePOB, MPUCATOK K CMAa304YHBIM MaTepraiaM, KpacsuX U MAarHUTHBIX MUTMEHTOB,
KOMIIOHEHTOB HU3KOTEMIIEPATyPHBIX BBICOKOMIPOUYHBIX NPUITOEB U JIp. [1o Mepe BBINOIHEHUS
byHIaMEHTAJIbHBIX Y MPUKIAAHBIX UCCIEIOBAHUHN ATOT EPEYEHb OBICTPO PACIIUPSIETCS.
MHorue u3 NpUMEeHEHUN yKe peain30BaHbl, IPYrue HaXOASITCS Ha CTaIuu pa3pabOTKH, HO
OoJbIIas 4acTh BO3MOXKHBIX NpuMeHeHuid HIT ocraercst moka He TpoHyTOM. OCHOBHBIE
JTOCTHXKEHUS U, 0COOCHHO, IEPCIEKTUBBI Ucnofib3oBanus HII, cBsi3anbl ¢ 0TpabOTKOM
TEXHOJIOTHH MOJTYyUYE€HUS MOPOIIKOB € "0COObIMU'" CBOMCTBAMU, HAIIpUMEP, TAKUMHM KaK:
OYeHb HU3KHE Temmeparypsl cnekanus < 100°C;

BbICOKASI XMMHYECKAS AKTUBHOCTbD;

HAJIM4YHe U30bITOYHOM (3AIIACEHHOM) YJHEPI U M.

N3MeHenre pyHAaMEHTaIbHBIX CBOMCTB TPAIUIIMOHHBIX MAaTEpHUAJIOB B HAHOAUCIIEPCHOM
COCTOSIHMH (MTOHMKAKOTCS: TEMIIepaTypa Hadasla IJIaBJICHUS, TEIJI0Ta UCTIAPEHUS, SHEPTUs
WOHM3AIMH, Pad0Ta BBIX0/Ia AJIEKTPOHOB U JIP.) OTKPHIBACT IIUPOYANIIINE BO3MOKHOCTH B
00J1aCTH CO3/ITaHUsI HOBEHIIIMX MAaTepHUaIoB U TEXHOJOTUH, IPUHITUITHATILHO HOBBIX
pruOOPOB U YCTPOUCTB.
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Kunaccudpukanuss MeToa0B NMOJTyYeHUS HAHOMOPOIIIKOB

PaBHOBecHBIE METOABI NmnyjibCHBIE METOABI
MeTozbl ucnapeHus JlyroBou paspsn
XUMUUYECKUE PEAKIIUU [Iy4koBbIE€ TEXHOJIOTUU

DJIEKTPUYECKUH B3PBIB IPOBOJHUKOB
JlazepHoe ucnapeHue

JleTOHAIIMOHHBIE METOIBI
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IHosryyeHHEe HAHOIIOPOIIIKOB METOI0M
IEKTPUUYECKOI0 B3pbiBa NpoBoJIOK (IBII)

DTanbl pa3BUTHS JIEKTPUUECKOTO B3phIBa MPOBOAHUKA: 1 - MpoOOH ¢ 3IeKTpo/ia
Ha MPOBOJIOYKY; 2 - 00pa30BaHME IIJIA3MEHHOTO IITHYpa; 3 - €ro pacuupeHue; 4 -
PA3IET PACIIUPSIONIMXCS ITPOAYKTOB B3pbIiBa. HaBeauTe Kypcop Ha pUCYHOK,
YTOOBI YBUAETH 3TOT MPOIECC B BUJIE aHUMHUPOBAHHOT'O POJIMKA.
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IHosryyeHHEe HAHOIIOPOIIIKOB METOI0M
IEKTPUUYECKOI0 B3pbiBa NpoBoJIOK (IBII)

L GAP
VY O_%
T C WE

N

] 1
to scope

Hanbonee npocto IBI1 ocywectBuTb B LC-KOHTYpe No cxeme, MOKa3aHHOM Ha
cneayroLlem pucyHke. EMKOCTHOM HakonuTtenb aHeprmmn C 3apArKaeTca OT MCTOYHMKA
sHeprum go HanpaxeHnsa U0 u c nomoubto paspaaHuka (GAP) kommyTupyeTca Ha
B3pbiBaeMblii NpoBoAHUK (WE). OcHOBHYI MHbOPMaLMIO O NpoLEecce B3pbIBa
NO/IY4aloT U3 OCLUANOTPaMM TOKA U HanpAXKeHuA. X aHasin3 No3BONAET BbIABUTL
oTaenbHble ctaaum JBI1.
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IosryuyeHre HAHOMIOPOLIKOB METOI0OM
IEKTPUUYECKOI0 B3pbiBa MPoB0oJIOK (IBII)
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to scope

[Ipu 3ambikanuu nenu paspssaHukoM (GAP) Tok BHaualie onpeaenseTcss BOJTHOBBIM COMPOTUBICHUEM
KOHTYpAa, TaK KaK COIIPOTUBIICHUE MPOBOJAHMKA O4€Hb Mano. llormomas 3nepruro, mpoBOTHUK
HarpeBaeTCs, MIAaBUTCS (HEOOBIION CKaYOK Ha OCIUJUIOrpaMME HAMPSKEHUS ) U TaJIbIlle HarpeBaeTcs B
AKUJKOM COCTOSIHUM 10 MOMEHTA t;. C 3TOro MOMEHTa MPOBOJIHUK HAYMHAET OYyPHO paCIIUPATHCS MO
00BbEMY, TEPSET METATUIMUECKYIO MPOBOAUMOCTD, €TI0 COMPOTUBIICHHE OBICTPO BO3PACTAET HA HECKOJIBKO
MOPSAJIKOB, @ TOK B KOHTYPE YMEHBIIIACTCH.

B MoMeEHT t, TOK B IIeNM NpeKpaIaeTcs U HaCTynaeT Iay3a Toka. HanpsbkeHne konaeHcaropa BO BpeMs
Tay3bl MPUJIOKEHO K MPOAYKTaM B3pbIBa, KOTOPBIE PACIIUPSAIOTCS, YMEHbBIIASI CBOKO THIOTHOCTB C
TEUYCHUEM BPEMEHH.

B MOMEHT t; MpOUCXOAUT IPOOO MPOTYKTOB B3phIBA M HACTYNIAET AYrOBasl CTAANs WU BTOPUYHBIN
paszpsn. Ecim ke ocTaToOuyHOE HANPSKEHUE HAa KOHJICHCATOPE MAJIO WIIM PABHO HYJIIO, TO AyTOBask CTaqus
HE BO3HUKAET. B 3aBUCHUMOCTH OT yCIOBHUI B3pbIBA CTaAMs MAy3bl TOKA MOXKET OTCYTCTBOBATh, MPOOOK
IIPOUCXOAUT B MOMEHT t, UJIN PaHBIIIE.
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DJIeKTPUYECKHUH B3PbIB IIPOBOJHUKOB
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CTpyKkTypHas cxeMa YCTaHOBKH JJIs
MOJTYYE€HHS] HAHOIIOPOIIIKOB B YCJIOBHSIX
AIEKTPUYECKOTO B3PhIBA ITPOBOIHUKOB

1 — ICTOYHMK MUTAHUS; 2 — HAKOTIUTENb

[TapaMeTpsl AIEKTPUYECKOTO
B3PbIBA IPOBOJHUKOB

(OBII):
SHEPruu; 3 — MEXaHU3M [OAAYU POBOJIOKH; 4 U =16 - 26 kB-
e . - B ’
— B3PBIBACMBIA OTPE30K NPOBOIIOKH; 5 - [ ~2-5105A
BBICOKOBOJIBTHBIM JJIEKTPOL; 6 — KOMMYTaTOp; | -3 MKc
T~ 1 - 3 MKc;
[/ — HAKOIIMTE b HAHOIMOPOIIIKA; 8 — ’
V ~ 1,5 km/c

BEHTWISATOD; 9 - B3pbIBHAA Kamepa; 10 -
CHUCTEMa BaKyyMUPOBAHUA U MOJIa4YU Ta3a.
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HaHonmopoumku, mojay4daemsie ¢ mnomoumbo IBII:

Ag, Al, Cu, Fe, Ni, W, Ni-Cr, Al-Cu, Al-B, W-AI, Cu-Ni, Ni-
Ti, AL,O4, AIN, W,C, WC, TiC .

HaHONOpPOLWOK antoMUHUS

CocTtaB: meTanan4yeckmim antoMmmHum — 88-93 % mac.;
OKCUAbl U TMAPOKCUAbI ANtOMUHUA — 5-7 % mac.;
aacopbumpoBaHHble npumecu (H20,02,CO02,N2) - 5-7 %
mac.;

abcopbuposaHHbIN Bogopos —< 1 % mac.;

NPMMECHU MeTaN/IoB — COOTBETCTBYHOT UX COAEPHKAHUIO B
NCXOAHOM NPOBOAHUKE.

HacbinHas NAOTHOCTb HAHOMOPOLIKA aNtOMUHUA,
NONYYEHHOIO C MOMOLLLbIO 3/IEKTPUYECKOrO B3pbIBa
npoBoAHWKoB B aproxe, 0,1 r/cm3

1 — okcugHO- :
THIPOKCUIHBIN CIIOM ’
(AI203, AlI(OH)3) ’
2 — HACBIIICHHBII
IIPUMECSIMHU CIIOU
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Oo0J1acTv NpYMMEHEeHUs MOPOIIKOB
TBepabIE PAKETHBIEC TOIUINBA U MIMPOTEXHUYECKUE COCTABBI
[TonydyeHue Boopoaa Jisk BOLOPOAHON SHEPIrETUKH
AJIBTEpHATUBHBIN CIOCOO MOJIY4YEHUS] aMMHaKa
[TonnyyeHue CBEPXIIACTUYHON KEPAMUKHU

CuHTE3 HUTPUIOB U MOJYYECHUE HUTPHUICOIACPKAIINX
MaTepruaIoB

JloOaBKM 71 MOJTYYEHUS] KAU€CTBEHHOM KOPYHIOBOM KEpaAMUKH
MoOuIibHBIE HarpeBaTeIbHbBIE YCTPONCTBA

[Tony4yeHne ra30MmoOnIOTUTENIEN.

HaHOMaTepI/Ia.]'lbI
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OCo0eHHOCTH COCTOSAHUS JIEKTPOB3PbIBHBIX HAHOMOPOIIIKOB

[Ipy1 naccMBUPOBAHUM AIEKTPOB3PHIBHBIX HAHOMIOPOIIKOB 00pa3yeTcsi ABOMHOM

IEKTPUYECKUN CII0M, UMEIOIINN BBICOKYIO IICEBIOEMKOCTh U 00YyCIIaBIUBAOIIUNA

CJIEAYIOIINE 0COOCHHOCTH HAHOTIOPOIIIKOB.

1. Haxomnenue n30biTouHOM s3HEprun (80-120 kJIx/M0b)

2. lloporoBsie IPOIIECCHI

3.  YCTOMYMBOCTH IIPU KOMHATHOM TEMIIEpaType

4. BrpIicokas peaklMOHHAs CIIOCOOHOCTH MPU TIOCTUKEHUU MOPOTOBBIX

TEMIIEPATYP

Jlerko 00pa3yrOT MHTEPMETAIUIUIBI U TBEPABIE PACTBOPHI

6. Jlo6aBnenue 1 % HII cHmkaeT Temiieparypy ClieKaHUsi TpyOOIUCIIEPCHBIX
nopomkoB 0osee yem Ha 200 °C

7. TlonydeHue CIOXHBIX coequHeHn B ycinoBusix CBC mpoTekaeT npu HU3KUX
CTAPTOBBIX TEMIIEPATYPAX U C BBICOKOU CKOPOCTBHIO

i

HanomarepuaJibl 12



O0beMHBbIC HAHOCTPYKTYPUPOBAHHBbIE U
YIABTPAMEJIKO3EPHUCTbIE METAJLJIbI U CILJIABBI

Four groups of biomaterials

Bulk biomaterials and biocoatings
1. Metals and alloys
2. Bloceramic materials
3. Biopolymers
4. Carbon

All groups of biomaterials are intensively developed.
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Periodic Table of the Elements il
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Series
umlunum Eumplum cholnlum 'I'arblum Dytpmlum Holmiu Thulium m letlum
0 115 140 00705 144.24 144 9127 164.9303: 101.26 168.93421 1 174.f

Actinide
Series
4 ! ‘* Halogens "g:," Lanthanides

Titanium, Zirconium, Niobium, Hafnium, Tantalum
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Titanium

Zirconium alloyed with niobium

The main positive features of pure titanium
High biocompatibility

Good corrosion resistance

Bioinert

Non-magnetic

Low thermal conductivity

Low coefficient of linear expansion

No toxicity

Relatively smaller mass density in compared to steel

HaHOMaTepI/Ia.]'lbI
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O0beMHBbIC HAHOCTPYKTYPUPOBAHHBbIE U
YIABTPAMEJIKO3EPHUCTbIE METAJLJIbI U CILJIABBI

Nanostructured materials (metals and alloys) are materials
obtained with severe plastic deformation methods.

Mean size of structural elements (grain, subgrain, fragment)
IS~ 0.1 um and less.

The main oco6ennocTu of nanostructured materials obtained
with severe plastic deformation methods are following.

1. The large proportion of grain boundaries in structure.

2. Nonequilibrium state of grain boundaries.

Two features determine the different properties of
nanostructured metal properties, at first, the high level of
mechanical properties
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SEVERE PLASTIC DEFORMATION METHODS
Severe plastic deformation is plastic deformation of metals in

conditions of high level of mechanical stresses. In this case the
catastrophic decreasing of grain size takes place in the bulk of
metals and alloys.

There are a set of severe plastic deformation methods.

F + Pressing

D

Billet

Equal channel angle pressing (ECAP) abc - pressing
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SEVERE PLASTIC DEFORMATION METHODS

Double ECAP ECAP - conform

Extrusion with screwing

HanomarepuaJibl 18



Production of submicrocrystalline titanium
(the first stage)

VA
2

1 —initial billet in press-mold, P — direction of pressing 2 — billet after the first step
of pressing, 3, 4 — iteration of the next steps of pressing with the change in
deformation axis

At the first stage the titanium billets were subjected to the multiple uniaxial pressing
with the change in deformation axis. The first stage included successive, step-by-step
decrease of temperature from 700°C to 400°C. Each cycle at predetermined
temperature included triple or fourfold pressing in a press-mold with the change

in deformation axis. A press-mold allowing to preserve the initial shape of the billet
for the next stage of pressing was used for the intense grinding of grains in titanium.
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Production of ultrafine grained (nanostructured) titanium

(the second stage)

1 — process of rolling in grooved rollers, 2 — billet in the form of stick after pooling

At the second stage the billets were deformed by rolling at room temperature.

The value of the accumulated deformation during the rolling was 80 %. After

the rolling the titanium billets were stick-shaped with the section of 6x6 mm? and
the length of more than 500 mm. Then the sticks were annealed at the temperature
of 250 and 300°C during 1 hour.
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Microstructure of nanostructured titanium
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Mechanical properties of coarse-grained and
nanostructured titanium
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2 — coarse-grained state

The microhardness and uniaxial tension tests have demonstrated the high mechanical
characteristics of the nanostructured titanium.

The microhardness values increase from 1800 to 3300 MPa. The tensile ultimate
strength 1s 1200 MPa and tensile yield strength is 1100 MPa for the titanium in
nanostructured state. At the same time for the coarse-grained titanium these values are
500 MPa and 300 MPa respectively.
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Mechanical characteristics of titanium (VT1-0, Grade2)
In different structural states, titanium Grade-4 and
titanium alloys Ti-4Al-6V and Ti-2Al-5Mo-5V

Substrate dﬂﬁ?{" I\C;I%Za NCIS oA I\jly I%’a 8,% | H, MPa
Tli, coarse grained state 15 270 400 300 23 1700
Ti, nanostructured state 1000 - | 1100 -
0,1 1100 1200 580 6 3300
Ti (Grade 4) 25 >480 | =550 15 2200
Alloy Ti-4Al-6V 10 1010 1100 | 570 >6 3500
Alloy Ti-2Al-5Mo-5V - 1000 1050 - >10 3400

Table presents the information on mechanical properties (yield point, ultimate strength,
endurance limit under cyclic bend, plasticity up to fracture and microhardness) of
titanium samples in different state, titanium alloys and Grade 4 titanium applied in
medicine. It is clear that the mechanical properties of the nanostructural titanium

correspond to the properties of the high-tensile titanium alloys.

HaHOMaTepI/Ia.]'lbI
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Thermostability of Mechanical Properties of
Nanostructured Titanium

Thermostability zone o
nanostructured titanium

Microstructure and mechanical properties of nanostructured titanium are stable up to 300°C.
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Microstructure of Zirconium after Severe Plastic

Deformation
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Microstructure of zirconium after severe plastic deformation. Bright field (a, c, e)
with SAD patterns and dark field images (f), the histograms of structural element size
(b, d, g); deformation value are 1.5 (a, b), 2,6 (c, d) and 4.6 (e, f, Q)
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Microstructure of Zirconium after Severe Plastic

Deformation
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Nanostructured titanium rods for dental implants

HanomarepuaJbl
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