NEW MATERIALS AND NANOTECHNOLOGY

E-BEAM PRODUCTION OF CARBON-BASED MATERIALS
WITH AMORPHOUS, NANO-STRUCTURES
FOR INDUSTY AND MEDICINE

Description

Technology is based on the method of electron beam evap-
oration of carbon (graphite) using a liquid pool of tungsten
and subsequent condensation of the vapour flow, which
was suggested by us and patented in Ukraine and the USA
(US Patent #5296274, cl. BO5D 1/00 Movchan B. A. and
others. "Method of producing carbon-containing materials
by electron beam vacuum evaporation of graphite and sub-
sequent condensation™). Evaporation is performed as follows:
a plano-cylindrical tungsten tablet 5-10 mm high is placed
on the end face of a cylindrical graphite block of 50—100 mm
diameter and specified length. The tablet is melted by the
electron beam and forms a "hot pool”. A continuous trans-
port process of carbon dissolution in the liquid pool volume,
subsequent evaporation from the pool surface and forma-
tion of an intensive vapour flow of carbon atoms (clusters)
is established. Tungsten practically does not evaporate.

Located near the above-mentioned carbon evapora-
tion source is the second independent traditional source of
electron beam evaporation of metallic and non-metallic
materials, which are added to the main vapour flow of car-
bon by evaporation, if required (The third evaporation
source can also be used).

This method has been recently improved by applying
the technique of reflection of the vapour flow of carbon (or
carbon plus additives) from surfaces (mirrors) heated up to
high temperatures (1000—1800 °C), to form in space vapour
flows of a specified orientation and particles which would be
more uniform in terms of composition, structure and energy.
This improvement is required at subsequent deposition of the
vapor flow and "engineering" of the specified coating struc-
ture. Vapour flow ionization and bleeding gases into the vacu-
um chamber can be used as additional technological parameters
for controlling the deposition process and condensate struc-
ture. Temperature of the deposition surface is one of the main
technological parameters, controlling the condensate structure.

Rate of evaporation of a graphite block of 70 mm
diameter is equal to 1.0-1.1 kg/h.

Innovative Aspect and Main Advantages
Electron beam technology differs from the currently avail-
able methods of arc and laser evaporation of carbon by
availability of many parameters for fine adjustment of the
main stages of the evaporation process, vapour flow forma-
tion and its condensation, namely:
1. Area, average values of evaporation rate and temper-
ature of atoms (molecules) evaporated from the tung-
sten "hot pool"”.
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Fig. 1. Examples of special structures of carbon condensates:
nanotubes (a) and spheres (b).

2. Temperature, composition and molecular structure of
the vapour flow after reflection from the heated sur-
faces, vapour flow ionization, bleeding gases and using
additives of inorganic and organic substances, includ-
ing catalysts of the growth of macromolecular struc-
tures of the type of nanotubes and fullerenes.
Temperature of the condensation surface of an orient-
ed vapour flow in the range from room temperature to
1000-1200 °C and respective structures

3. From amorphous to nano- and micro-sized. Possibility
of producing macromolecular (fullerenes, nanotubes)
and diamondlike structures, carbides and composite
materials (coatings) on their base is shown. A pilot
production electron beam unit of up to 250 kW power
adapted to the above technology variants is available.
Areas of Application:Electronics and optoelectronics,
medicine, chemical technology, instrument and me-
chanical engineering.

Stage of Development

Technology and equipment have been patented, experi-
mental facilities are available, and a demonstration can be
done.

Contact Details

International Center for Electron Beam Technologies of
E. O. Paton Electric Welding Institute of NASU

68, Gorky str., Kiev-150, 03150, Ukraine

Yakovchuk Konstantin

Tel.: +38 044 289-2176

Fax: +38 044 287-3166

E-mail: yakovchuk@paton-icebt.kiev.ua
http://www.paton-icebt.kiev.ua
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HOBI MATEPIAJIN TA HAHOTEXHOJIOrIi

EJJERTPOHHO-IITPOMEHEBA TEXHOJIOI'TA

TA YCTATRYBAHHA A4 OAEP;RAHHSA MATEPIAJIIB
HA OCHOBI BYTJVIEIIIO 3 AMOP®HOIO,

HAHO- I MIKPOPO3MIPHOIO CTPYRTYPOIO

02120 nponosuuii

TexnoJiorist 6a3y€eThest HA 3aIIPOIIOHOBAHOMY HAMU i 3aria-
tentoBanomy B Ykpaimi i CIITA (ITarent CIITA Ne5296274,
k. BO5SD 1,/00 Movchan B.A. and others. "Method of pro-
ducing carbon-containing materials by electron beam vacu-
um evaporation of graphite and subsequent condensation.")
METOJIi eJIEKTPOHHO-ITPOMEHEBOTO BUITAPOBYBAHHS BYTJICIIO
(rpadiTy) 3 BAKOPUCTAHHSM Pi/IKOT BAHHU BOJIbdpamy i Ha-
CTYTTHOI KOHJIEHCAIil TapoBOTO TOTOKY. BumapoByBanus
3IIHCHIOETHCSI B TAKMIA CIIOCIO: HA TOPII IUIIHAPUYHOTO 610~
Ky rpadity miamerpom 50—100 MM i 331101 TOBKIHT yTPH-
MYETBCSI TUIOCKO-IIIJIHAPIYHA TabseTKa BoJb(dpaMy BUCO-
1010 5—10 MM, 1110 PO3ILIABJISETHCS €JIEKTPOHHUM IIPOMEHEM
i yrBopioe "hot pool". YcraHoBmoeTbest OesnepepBHUIN
TPAHCIOPTHUI IPOIIEC POZYUUHEHHSI BYTJIEIO B 00'eMi PiKol
BaHHM, HACTYITHOTO BUIIAPY 3 MOBEPXHi BAHHM i yTBOPEHHS
IHTEHCWBHOTO TTAPOBOTO TIOTOKY aTOMiB (KJacTepiB) ByTJie-
1110. Bosibdpam 1pu 11boMy 1IPAKTUYHO HE BUTIAPOBYETHCSL.

Ilopyd i3 3a3HaYeHNM /IPKEpesIOM BUTIAPDOBYBAHHS BY-
JICIIO PO3TAIIOBYETLCS 1HIE He3a/IesKHE TPAJAUILIHHE JIKe-
PeJIo eJIEKTPOHHO-TIPOMEHEBOTO BUITAPOBYBAHHS METaJICBUX
i HeMeTaliYHUX PEYOBHH, 110 [IPU HEOOXIJAHOCTI, MIJISIXOM
BHUTAPY, BBOAATHCS B OCHOBHM MApOBUIA MOTIK BYTJIEIIIO.
(MoxuBo 3acTOCYBaTH 1 TPETE [IFKEPETIO).

OcranniM wacoM 1eil MeTo OyB yIOCKOHAJIEHHI
MIJISIXOM 3aCTOCYBaHHSI TEXHIKHU BIIOUTTSI IIAPOBOTO OTOKY
Byrueiio (abo ByrJielo 3 106aBKaMu) BiJl HArPITUX 10 BU-
cokux temreparyp (1000—1800 °C) moBepxoub (13epkair)
3 MeToo (hOPMYBaHHS B IIPOCTOPI MMAPOBUX TOTOKIB 3a/1a-
HOI opienTartii i 6iIbIIT OAHOPIAHUX 32 CKJIaZ0M, CTPYKTYPOIO
Ta eHeprieto yactok. Lle ypockoHaseHHsT HeOOXijHe st
MOJIAJIBIIIOTO OCA/KEHHS 11aPOBOTO TIOTOKY 1 "KOHCTPYIO-
BaHH:" 33/IaHOI CTPYKTYPH KOH/IEHCATIB.

VY aKoCTi 10/JaTKOBUX TEXHOJIOTIYHHIX TTAPAMETPIB pe-
TYJIIOBaHHS IIPOIECY OCA/PKEHHS 1 CTPYKTYPH KOH/IEHCATIiB
MO’KHA 3aCTOCOBYBATH i0HI3allilo 1TapOBOTO TOTOKY i BBe-
JIeHHI Ta3iB y BaKyyMHY KaMepy.

Temmieparypa 1oBepxHi 0Ca/PKeHHS — OJIMH 3 OCHOBHIX
TEeXHOJIOTIYHUX TTapaMeTpiB, SIKUN KOHTPOJIOE CTPYKTYPY
KOH/IEHCATIB.

[IBuakicts Bunapy 610Ky rpadiry giamerpom 70 Mm
nopisuioe 1,0—1,1 xr/rox.

Innosauitinuii acnexm ma ocnosni nepesazu
EnexTponHO-TIpOMEHEeBa TEXHOJIOTIS Bi/IPI3HAETHCS BifT ic-
HYIOYMX METOJiB /JYTOBOIO i JIA3ePHOTO BUIIAPOBYBAHHS
BYIJIEII0 HASIBHICTIO GaraTthoX MapaMerpiB TOHKOTO Pery-
JIIOBAHH: OCHOBHUX CTa/Iill IIpoIiecy BUIIApOBYBaHH:, (hop-
MYBaHHSI [1aPOBOT0 ITOTOKY 1 1Or0 KOH/IEHCAITii:
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Puc. 1. IIpukaaau ocoGIMBEX CTPYKTYP KOHIEHCATIB BYIJIEIIO:
(a) — HanotpyGKy; (6) — cdhepu.

1. Tlnomi, cepesiHix 3HAYEHD MIBUIKOCTI BUTTAPOBYBAHHS
i TemMIiepaTypu aToMiB (MOJIEKYJI), [0 BUIIAPOBYIOTh-
ca 3 moepxHi "hot pool” Bosmbppamy.

2. Temmeparypu, CKJIay i MOJIEKYJIIPHOI CTPYKTYPH T1a-
POBOTO MOTOKY MiCJs BiAOUTTS Bif HATPITHX IOBEp-
XOHb, 10HI3a11ii TaPOBOTO MOTOKY, BBEZICHHI Ta3iB i 710-
MIIIIOK HEOPTaHIYHUX i OPraHiYHNIX PEYOBMH, BKJIIOUAIO-
YH KaTa/li3aTopu POCTY MAKPOMOJIEKYJISAPHUX CTPYK-
TYp TUIIa HAHOTPYOOK, (yIepeHiB.

3. Temmeparypu moBepxHi KOHJIEHCAIlii OPIEHTOBAHOTO
MapoBOTO TIOTOKY B iHTepBaji Bifi KIMHATHUX [0
1000-1200 °C Ta BiAMOBIAHUX CTPYKTYP Bix amopd-
HUX JI0 HAHO- i MiKPO- PO3MipHUX.
byso mpomeMoHCTPOBAaHO MOKJIMBICTD OJlepsKaHHSA

MakpoMoJieKyIsipHuX (byJieperu, HaHOTPYOKM) i asMazo-

HOAIGHUX CTPYKTYP, KapOiiB Ta KOMIO3UIIHHUX MaTepi-

astiB (TIOKPUTTIB) HA IXHiil OCHOBI.
€ [0CITiIHO-TIPOMICIIOBA eJIEKTPOHHO-TIPOMEHEBA yC-

TaHoBKa MOTy:kHicTIO 250 KBT, amantoBana 10 3a3HaYeHUX

TEXHOJIOTIYHUX BapiaHTiB.

Tanys3v 3acmocyeanns
Enexrponika, onToesekTpoHika, MEIUIINHA, XiMiuHA TEXHO-
JIOTist, TPUJIAIO- 1 MATTHHOOY Iy BAHHSI.

Cmadis po3pooxu

Texnonoris i ycTaTKyBaHHS 3allaTeHTOBAHi, € BU3HAYCHA
6asza ekcrepuMeHTaIbHUX AOCAIKEeHb. MoKINBa 1eMOH-
cTparis.

Konmaxmna ingpopmauia:

MikHapoaHuii IIeHTP eJIeKTPOHHO-TIPOMEHEBUX TEXHOIOTI
[nctuTyTy enexrposBapioBanus im. €. O. [latona HAHY
VYrpaina, 03150, Kuis-150, Bys1. Topbkoro 68

KownraxtHa oco6a: Kocrsintun SIkoBuyk

Texn.: 044 289-2176; Maxc: 044 287-3166

E-mail: yakovchuk@paton-icebt kiev.ua
http://www.paton-icebt.kiev.ua
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NEW MATERIALS AND NANOTECHNOLOGY

DIAMOND POLYCRYSTAL NANO-COMPOSITES

FOR INDUSTRY

Description

At present one of the most important directions in solving
the problem of of superhard materials development with
qualitatively and quantitatively new complex of physico-
mechanical properties is the use of nanodispersed materials
as the initial ones. Under adequate conditions a unique com-
plex of mechanical properties, e. g., a combination of very
high hardness and fracture toughness, can be realized in a
nanodispersed polycrystal.

In development of production technologies of novel
superhard materials using initial nanomaterials, retention
of the material nanodispersed state in the course of sinter-
ing is an important problem. In addition, one should remem-
ber that mechanical properties are highly structure-sensi-
tive, which is particularly distinct in using nanomaterials.

Conditions of preparative treatment of diamond na-
nopowders, and their effective compacting, before a sinter-
ing including at heightened temperature, have been develo-
ped. Effect of prior compacting conditions on process of
obtaining of qualitative polycrystals by sintering has been
studied. Thermobaric conditions of production of polycry-
stal materials based on diamond powders of nanometric range
have been investigated and optimized. The obtained results
have allowed to develop optimum conditions of tool mate-
rials based on the diamond nanopowders production.

Innovative Aspect and Main Advantages

It is experimentally proved that the most efficient approach
to improvement of physico-mechanical properties of diamond
polycrystals produced from nanopowders is to find optimal
conditions for sintering of mixtures containing additions
acting as solvents for carbon (Co, Ni, Fe, alloys of them, etc.)
and as inhibiters of the grain growth. The mixture should
be mechanically activated.

The use of high-pressure technique in combination
with purification and vacuum degassing for sintering of
statically synthesized diamond nanopowders with an initial
particle size of about 100 nm favors the formation of nanos-
tructure elements of 10 to 50 nm in size in a polycrystal due
to fragmentation of coarser initial grains (supported by
TEM studies). Preactivation of the initial statically synthe-
sized diamond nanopowders using cold isostatic pressing
has allowed the production of polycrystals with a density
of 3,31 g/cm®, Vickers hardness of 35 GPa (P = 9.8 N) and
fracture toughness K;, = 10—14 MPa-m"/%

Areas of Application
Tools made of the composites of statically synthesized dia-
mond nanopowder can successfully compete with single-
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Fig. 1. The typical electron-microscopic image particle struc-
tures of the polycrystal from nanodiamond by static syntheses

Fig. 2. Cutting plates, drawing die and cutting tool

crystal natural diamond tools. The composites may be used
for making cutting, deforming or measuring tools for vari-
ous purposes. Due to high fracture toughness, they may be
also used as inserts in drilling tools. Now the samples of the
instrument are being tested in construction.

Stage of Development
Prototype available for testing.

Contact Details

V.N. Bakul Institute for Superhard Materials of the
National Academy of Sciences of Ukraine

2 Avtozavodaskaya Str., Kiev, 04074, Ukraine

Shulzhenko Aleksandr Aleksandrovich

Tel.: +380 44 4303506
kybor@ism.kiev.uawww.ism.kiev.ua

SCIENCE AND INNOVATION. Ne 4, 2006



HOBI MATEPIAJIN TA HAHOTEXHOJIOrIi

AJIMA3HUI NOJIKPUCTAJIYHUIT HAHOKOMIIO3UT

022150 nponosuuii

Cporosifi OHNM 3 HAHAKTyaJbHINTUX HATIPSIMKIB TIPH BU-
pitieHHi po6ieMu CTBOPEHHS HAATBEPAUX MarepiajiB 3
SIKICHO Ta KiJIbKICHO HOBUM KOMILIIEKCOM (Di3MKO-MeXaHI THUX
BJIACTUBOCTEH € BUKOPUCTAHHS BUXi/THIX HAHOANCIIEPCHUX
MarepiayiB. 3a BiANOBIIHUX YMOB y HAHOAMCIIEPCHOMY
TIOJTIKPUCTAJTI MOKITMBA peasti3allis yHiKaIbHOTO KOMILJIEK-
Cy MEXaHIYHMX BJIACTUBOCTEN, HAIIPUKJIA/L, CIIOJTYYECHHS 1y -
JKe BUCOKHUX TBEPJOCTI I TPIIMHOCTINKOCTI.

Baskiupowo 1pobieMoo npu  po3poOili TeXHOJOTIH
O/lep’KaHHS HOBUX HAJTBEPANX MaTepialiB 3 BUKOPUCTAH-
HSIM BUXIZIHUX HaHOMAaTepialiB € 30epesKeHHsT HAHOIUCIIeP-
CHOTO CTaHy MaTepiaiy B Iporieci crikauHst. Kpim Toro, ne-
00XiIHO BPAXOBYBATH BHCOKY CTPYKTYPHY YyTJIUBICTH Me-
XaHIYHUX BJIACTUBOCTEH, 1[0 0COOJMBO TOCTPO MPOSIBIIS-
€TbCsI IIPU BUKOPUCTAHHI HaHOMaTepialiB.

B wiit po6oti po3pobieHo PeKUME MOMEPeHbOI 06-
POOGKI HAHOTIOPOTITKIB aTMa3iB Ta X e(heKTHBHOTO KOMITaK-
TYBaHHS, B TOMY YNCJIi IIPU T/IBUITIEHIH TeMIiepaTypi nepez
crikaHHSAM. BUBYeHO BIUIMB Pi3HUX YMOB IIOIEPEHBOIO
KOMIIAKTYBaHHS Ha [TPOIeC OTPUMAHHS AKICHUX TTOJTIKPUC-
TasliB npu crikauHi. J[ociazKeHo i onTuMizoBaHo TepModa-
PUYHI pesKNMU BUTOTOBJIEHHS TTOTIKPUCTATIYHIX MaTepia-
JIiB Ha OCHOBI TIOPOIIIKIB aJIMa3iB HAHOMETPUYHOTO Jliaria-
30HY. 3100y Ti Pe3yJIBTaTH 03BOJIUIN PO3POOKTH OIITHMAb-
Hi pesKUMU BUPOOHUIITBA iIHCTPYMEHTATBHUX MaTepiasis 3
HAHOTIOPOIIIKIB aJIMasiB.

Innosauitinuii acnexm ma ocHo8Hi nepesasu
ExkcriepuMeHTAIbHO J0BEIEHO, 110 HANOLIbII eDeKTHBHIM
IIXO0/I0M /10 TIOJTinIIeHHs (i3UKO-MeXaHIYHUX BIACTUBOC-
Tell TOJIIKPUCTATIB alTMa3y Ha OCHOBI HAHOTIOPOIIKIB € TI0-
IIYK ONTUMAJIbHOTO PEKUMY CITIKAaHHS MIMXTH, IO MiCTUTD
AKTHBYIOUi 106ABKH, SIKi BUKOHYIOTH POJIb SIK PO3UYMHHUKIB
i reTepiB ByrJewio, Tak i iHriGitopis pocty 3epen (Hampu-
kaan, CoO). [lpu pomy mmxTa MOBHHHA TPOWTH TIOTIE-
pemHiil eTan MeXaHiYHOT aKTUBAITii.

3aCcTOCYBAaHH JIJIS1 CITIKAHHS aJIMa3HIX HAHOIIOPOIIKIB
CTATUYHOTO CHHTE3Y 3 PO3MIPOM BUXIJHUX YaCTOK OJIM3b-
ko 100 HM TeXHIKM BUCOKMX TUCKIB y CIIOTY4YeHHI 3 BaKy-
YMHUM OUHUIIEHHM 1 /lera3alli€io peasisye B IOJTIKPUCTAI,
3a JAHUMU eJIEKTPOHHOI MiKPOCKOTIii, (hopMyBaHHs HAHO-
CTPYKTYPHUX esleMeHTiB po3mipom 10—-50 uM. 3acTocyBaHHs
TIOTIepe/IHBOI aKTUBAIll BUXiJHUX HAHOIIOPOIIKIB ayMasy
CTaTUYHOTO CHHTE3Y METOIOM XOJIOZHOTO i30CTATUYHOTO
MpecyBaHHA J[03BOJINJIO OJIePKATH HAHOCTPYKTYPHI KOM-
nosut 3 TBepaictio HV =35 TTla (npu HaBanTakeHHi Ha
inzmerrop 9,8 H) i tpinuaOCTifikicTo K, = 10—14 MITa-m'2.

Tanysi sacmocyeanns
Po3pobiieHa TEXHOJIOTIsI TO3BOJISIE CIIKATH KOMITO3UTH 3
HAHOIOPOMIKIB a7IMa3y, Ki MOKYTb YCIIIIHO KOHKYPYBaTH

HAYKA TA THHOBAIIIL. Ne 4, 2006

Puc. 1. TunoBe eJeKTPOHHO-MIKPOCKONYHE 300PasKEeHHS CTPYK-
TYpH HOJIKPHCTAIy, OJEP:KaHOT0 3 HAHOAIMA3HOIO MOPOLIKY
CTaTHYHOTO CUHTEBY

L/

Y%

Puc. 2. Pixkyui nuiactuny, BoJIOKa Ta pisenb

3 OZIHOKPUCTAIBHIM aJIMa3HUM IHCTPYMEHTOM i3 TPUPOHNX
aJIMasiB.

BoHu MOXYTh OyTH BUKOPUCTaHI JIJIsI BUTOTOBJICHHS
pisKyuoro, 1eOpMyIOUOro iHCTPYMEHTa JJisi 0OPOOKH KO-
JIBOPOBUX METAJIB Ta iX CIIJIaBiB.

Cmaois po3pooxu

[IpoToTut, ZOCTYIHUIA /1711 BUITPOOYBAHHSL.

Konmaxmmna ingpopmauin

[nctuTyT HanTBepAux Marepiamis im. B. M. bakyras HAH
Ykpainu

04074 Kwuis-74, Bys. ABTO3aBOICHKA, 2

[ynbxerko Onexcanap OnexcaHAPOBUY

+380 44 4303506

kybor@ism.kiev.ua

www.ism.kiev.ua
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NEW MATERIALS AND NANOTECHNOLOGY

NEW FILMCOATINGS

FOR OPTICS AND OPTO-ELECTRONICS

Description

Creation of novel film forming materials is carried out on
the basis of developed by us concept of adjustable stabili-
sation of valence state of metal due to donor-acceptor
interaction between components — binary compounds.
Valence state is stabilised both during synthesis of the film
forming material, and during its thermal evaporation in
deep vacuum. It makes receiving coatings with a high de-
gree of perfection — both chemical, and structural — possi-
ble. In turn, it positively reveals both in optical (refractive
index, factors of scattering and absorption, width of range
of an optical transparency) and operational (mechanical
and beam durability, stability to a damp atmosphere etc.)
properties of coatings received from the materials.

Film forming materials on the basis of complex fluo-
rides of s-metals and lanthanides, in particular systems
MgF,-LnF; (Ln-Nd, Lu) and LnF;-Ln'F; (Ln-Eu, Yb, Ln'-Ce,
Tb), for interference optical coatings with a low refractive
index are developed. The materials are obtained through
the fluoridation of metal oxides with further melting in an
inert atmosphere. The use of the materials resulted in essen-
tial increase in reliability in operation and simplification of
technology for modelling of interference coatings for laser
optics, spectral divisors, optical filters and other products.

Innovative Aspect and Main Advantages
Proposed film forming materials by their optical loss (less
than 0.01 %) in the coatings are competitive with the widely
used ones, namely thorium fluoride (ThF,). Additionally,
proposed materials are higher in mechanical durability
(0 group) as compared to ThF,, they also have no radio-
activity.

Areas of Application

Film forming materials have wide applications in several
industrial sectors:

—  optical industry;

—  optoelectronics.

New more effective materials were developed for in-
terference optics of technological and eximer lasers used in:
—  mechanical engineering;

—  lithography;
- medicine.

Stage of Development

—  Prototype is available for testing;

—  License agreements and cooperation for further
development are sought.
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Fig. 1. Experimental samples of film forming material on the
base of MgF,-LuF; composite

Fig. 2. Experimental specimens of the optical elements for the
IR spectrum divisor with the multilayered coatings on the base
of MgF,-LuF; and ZnS-GdS composites (CDO "Arsenal")

Fig. 3. Experimental specimens of the optical elements for the
IR narrow-band filter with the multilayered coatings on the
base of MgF,-LuF; and ZnS-GdS composites (CDO "Arsenal")

Contact Details

A. V. Bogatsky Physico-Chemical Institute of the NAS of
Ukraine

Viktor Zinchenko

86 Lustdorfska Doroga, 65080 Odessa, Ukraine

Tel.: (380) 482 66-51-55

Fax: (380) 482 65-20-12

E-mail: physchem@paco.net
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HOBI MATEPIAJIN TA HAHOTEXHOJIOrIi

PO3POBRA IIVIIBROYTBOPIOIOUHNX MATEPIAJIIB

02110 nponosuuii

CTBOpeHHsT HOBUX IIJIiIBKOYTBOPIOIOUNX MaTepiasiB MpoBe-
JIEHO Ha OCHOBI KOHIIEIIIiT, pO3p0OJIeHill HaMU TI0 TTepeBasK-
Hiii cTabisisanil BaJleHTHOIO CTaHy MEeTaly 3aBASKU J0HOD-
HO-aKIEeNTOPHii B3a€MOJIii Mik KOMIOHEHTaM1 — GiHapHU-
MU criosiykaMu. BasenTauii cran ctabilisyeTbest ik B Mpo-
11eci CMHTEe3y IJIIBKOYTBOPIOIOUYOTO MaTepiaiy, Tak i B po-
1eci Horo TepMiYHOTrO BUMAPOBYBAHHS B IJIMOOKOMY BaKy-
yMmi. [le yMOKIMBIIIOE OTPUMAHHS TOKPUTTIB 3 BUCOKHUM
CTyTIeHEM JIOCKOHAJIOCTI — SIK XiMiYHOI, TaK i CTPYKTYPHOI.
¥ cBolo Yepry, 1ie MO3UTUBHO [TO3HAYAETHCS K HA ONTHY-
HUX (MTOKA3HWK 3aJI0MJIeHH, KoedillieHTn po3ciloBanns i
MOTJIMHAHHS, IMUPUHA 06J1aCTi OIITUYHOL IPO30POCT), TaK
i ekcruryaramiinnx (MexaHiyHa i IpoMeHeBa MiIHICTb,
CTIHKICTh 710 BOJIOTOI aTMOCchepH Ta iH.) BJACTHBOCTSIX T10-
KPUTTiB, OTPUMAHUX 3 MaTePiaJIiB.

PospobiieHo mriBKOYTBOPIOIOYi MaTepiaii Ha OCHOBI
CKJIAIHUX DTOPHU/IIB S — METAJIIB i JIAaHTaHiJIiB, 30KpeMa Cu-
creM MgF,-LnF; (Ln-Nd, Lu) i LnF3-Ln'F5 (Ln-Eu, Yb,
Ln'-Ce, Tb), nuist intepdepeHuiiiHux OnTHYHUX MOKPUTTIB
3 HU3bKUM MTOKa3HUKOM 3aJI0MJIeHHS. MaTepianm oTpuma-
HO (hTOPYBAHHSIM OKCHU/IIB METAJIIB 3 MOJ[AJIbIIINM I1JIaBJIEH-
HSM B iHepTHiil atMocdepi. Y pe3ysbraTi BUKOPUCTaHHS
IINX MaTepialiB JOCATAETHCS ICTOTHE TOJITIIECHHS HaJili-
HOCTI HaHECEeHHsI Ta CIIPOIIeHHs TeXHOJIOTI] MOIe/TIOBAaHHS
iHTepdepeHIlinHNX TOKPUTTIB /I JIa3ePHOI ONTUKH, CIie-
KTPOIMOALTIOBAYIB, ONTUYHUX (DITIBTPIB 1 iHIINX BUPOOIB.

Innosauitinuii acnexm ma ocnoséni nepesazu
3aIrpoToHOBaHi TITIBKOYTBOPIOIOYi MaTepiaal 3a CBOIMU
ontnyarMu Brpatamu (menrr 3a 0,01 %) y mokpurTsx €
KOHKYPEHTOCIIPOMOKHIIMI i3 ITNPOKO BUKOPHCTOBYBAHI-
Mu Marepiamamu, a came (ropugom topito (ThF,). Kpim
TOT0, 3aIIPOIIOHOBAHI MaTepia/iv € BUIIUMU B IOPiBHSAHHI 3
ThF, 3a mexaniutoto MinHicTio (rpyna ), a TaKOK BOHU He
€ palioaKTHBHUMM.

Tany3s 3acmocysanns

[TniBkOyTBOpIOIOUI MaTepiaym 3HAXOAATH IMUPOKE 3aCTOCY-
BaHHS B JIEKIIbKOX TPOMUCJIOBUX TaITy35IX:

—  OITHYHA IIPOMUCJIOBICTB;

—  OITOEJIEKTPOHIKA.

Pospobiiero HoBi eheKTUBHIIN MaTepiaju st iHTep-
depenItiiinoi ONTUKN TEXHOJIOTIYHUX i eKCiMepHUX Jase-
PiB, SIKi BAKOPUCTOBYIOTHCS B:

—  MexaHiuHiil 06po0iii;
—  gitorpadii;
—  MEeAMIIMHI.

HAYKA TA THHOBAIIIL. Ne 4, 2006

Puc. 1. ExcniepuMenTaibHi 3pa3Kki IUTIBKOYTBOPIOIOYOTO MaTe-
piany Ha ocHoBi komnosury MgF,-LuF;

Puc. 2. EkciepuMeHTa/IbHI 3pa3Kul ONTHYHUX eeMeHTiB st 1Y
CIIEKTPOIO/iTI0OBaYa 3 6araromapoBUMH MOKPUTTSAMH Ha OCHOBI
komnoautis MgF,-LuF; i ZnS-GdS (IIKB "Apcenan™)

Puc. 3. ExcniepumeHTasbHi 3pa3ku ONTHYHHUX eseMeHTiB s 14
BY3bKOCMYToBOro (izbrpa 3 GararomiapoBUMU MOKPHTTSAMH HA
ocHoBi komnosutiB MgF,-LuF; i ZnS-GdS (IIKB "Apcenan")

Cmadis pos3pooxu:

—  JlocaigHuii 3pasok AOCTYIHUIL A/l BUIIPOOYBAHHSI.

—  Ilepenbauatorsest sirensiitai yroau it criBpobiTHH-
IITBO /I OAATBIINX PO3POOOK.

Konmaxmmna ingpopmauia:

Disuko-ximivanii iHctuTyT iM. O. B. Borarcbkoro HAH
Ykpainn

86 Jlioctmopdenka mopora, 65080 Omeca, Yrpaina

Bikrop 3inuenko

Texn.: (380) 482-66-51-55; Maxc: (380) 482-65-20-12
E-mail: physchem@paco.net
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NEW MATERIALS AND NANOTECHNOLOGY

ATOMICALLY SMOOTH METAL SURFACES

Description

Various modifications of the method of evaporation in high
electric fields are the most promising methods of forming
surface of different nanometer-scale objects. However, the
main obstacle to the use of this method is a super high electric
field on a surface of a processed object. In such fields there
are serious technological problems connected with destruc-
tion of objects under the influence of mechanical stress ge-
nerated by the fields. We propose to use phenomenon of
high-field evaporation of metals in dielectric liquids at low
temperatures. This phenomenon was revealed and studied
by our team together with University of Surrey School of
Electronic (Surrey, UK) and Hahn-Meitner-Institute
(Berlin, Germany). This phenomenon and process of field
evaporation in active gases could be used for controlled for-
ming of metal objects with sizes in a nanometer range. The
magnitude of electric fields below the level of field evapora-
tion in high vacuum is required for realization of high-field
evaporation of metals in dielectric liquids. This opens up te-
chnological prospects for practical use of this phenomenon.

Innovative Aspect and Main Advantages

—  formation of surface with a zero-level roughness (ato-
mically smooth metal surface);

—  high degree of localization of field emission;

—  atomic sharpness of STM probes;

—  reducing traumatic effects of microsurgical instruments.

Areas of Application

—  field emitters;

—  probes for scanning tunneling microscopy and nan-
otechnology;

—  microsurgical instruments with qualitative changes
of roughness level.

Stage of Development

Patents received:

—  Method of fabrication of tip objects, Patent of Ukraine,
UA 6607 U, 16.05.2005, Velikodnaya O. A., Ksenofon-
tov V. A., Mikhailovskij I. M., Sadanov E. V.
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T,

Fig. 1. Field ion microscopic images of STM probe before high-
field sharpening

Fig. 2. Field ion microscopic images of STM probe after high-
field sharpering

—  Method of fabrication of tip objects, Patent of Ukraine,
UA 8336 U, 15.07.2005, Velikodnaya O. A., Ksenofon-
tov V. A., Mikhailovskij I. M., Sadanov E. V.

Contact Details

National Scientific Center, "KharkovInstitute of Physics
and Technology"

1 Akademicheskaja St., 61108 Kharkov, Ukraine
Ksenofontov Vyacheslav Alekseevich

Tel.: +380 57 7002676; +380 57 7576428

Fax: +380 57 3351688

E-mail: mikhailovskij@kipt.kharkov.ua
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HOBI MATEPIAJIN TA HAHOTEXHOJIOrIi

BHUCOROIIOJbOBA HAHOTEXHOJIOI'TA
OBPOBKU METAJIEBOI IIOBEPXHI

022150 nponosuuii

Pi3ni BapianTu BUIApyBaHHS y MOTYKHUX €JEKTPUYHUX
MOJIAX € MePCHeKTUBHIUMU MeToaMK (hopMyBaHHS TT0BEp-
xHi 00'eKkTiB MaHOMeTpOBOro Maciitady. Ocob/mBiCcTIO Me-
TOJLy € CTBOPEHHSI HAJ[BUCOKOI HAIIPYTH eJIEKTPUYHOTO T10-
JIsl Ha TIOBEPXHI 00'€KTy. Y TaKuX IOJISIX ICHYE Psijl TEXHO-
JIOTIYHUX TIPOOJIEM, TIOB'SI3aHUX 3 PYHHYBaHHIM 00 €KTiB
TIiJ] JII€I0 MEXaHIYHUX HAIPYT, CIIPUYNHEHNX eJIeKTPUIHIM
rosieM. Yepes Te MU IIPOIOHYEMO 3aCTOCYBATU SIBUIIE BU-
COKOTIOJIbOBOTO BUIIAPOBYBAHHS METAJIIB Y JlieJIeKTPUUHUX
piMHAX 3a HU3BKUX TeMIiepaTyp. SIBuiie GyJ0 BUSBIEHO
Ta BUBYEHO ciisibHo 3 University of Surrey School of Elec-
tronic (Surrey, UK) ta Hahn-Meitner-Institute (Berlin,
Germany). Ile siBuiie Ta 1mpoiiec moJbOBOrO BUIIAPYBAaHHS
Yy aKTUBHUX raszax MO’Ke 3aCTOCOBYBATHCS JIJISI KOHTPOJIIO
(bopmo3aMiHeHHsT 00'€KTIB HAHOMETPOBUX PO3MIpiB. Beu-
YUHA eJIEKTPUYHOTO T10JIs1 IIPU BUCOKOIIOJILOBOMY BUIIAPY-
BaHHI MeTaJIiB y JieJIeKTPUYHUX PiANHAX € HUXKYe PiBHA
M0JIbOBOTO BUTIAPYBAaHH: Y BUCOKOMY BakyyMi. Lle Bikpu-
BAa€ HOBI TEXHOJIOTIUHI NEPCIEKTUBHU /IS BUKOPUCTAHHS
1IbOTO SIBUIIIA.

Innosauitinuii acnexm ma ocnosni nepesazu

—  ¢dopMyBaHHS OBEPXHI 3 HYJIOBIM PiBHEM IIOPCTKO-
cTi (ATOMHO-TJIa/IKa TTOBEPXHS MeTaly);

—  BHCOKWI CTYTIiHb JIOKaTi3allii oJbOBOI eMicii;

—  3aroctpeHHs Ha atroMHoMY piBHi CTM 30H1iB;

—  aTpaBMATHYHI MiKPOXipYpPTiuHi iHCTPYMEHTH.

Iany3vs 3acmocyseanns

—  IlomwoBi emitepwn;

—  3oHUW Ay CKaHYIOYMX TYHEJIbHUX MIKPOCKOTIB Ta
HaHOTEXHOJIOTII;

—  Mikpoxipypriuti iHCTPyMEHTH 3 IOCKOHAJINM PiBHEM
MITOPCTKOCTI.

Cmaodis po3pooru:

OrpumaHni matenTu:

—  Cmoci6 BHUTOTOBJICHHST BicTpsHUX 06'e€kTiB, Ilatent
VYrpainu, A 6607 U, 16.05.2005 p.,

—  Crmoci6 BHUTOTOBJICHHST BicTpsAHUX 06'e€kTiB, Ilatent
VYrpainu, UA 8336 U, 15.07.2005 p.

HAYKA TA THHOBAIIIL. Ne 4, 2006

Puc. 1. IToaboe ionHO-Mikpockomiune 306paxkents STM 3ouxy
10 BHCOKOMNOJIbOBOIO 3ar0CTPEHHSI

Puc. 2. IloiboBe ioHHO-MiKpocKoniyHe 300paskenns: STM 30H1y
MiCJIS1 BUCOKOIIOJIbOBOTO 3arOCTPEHHS

Konmaxmmna ingpopmauia:

Harmtionanpnuit nHaykoBuii ieHTp " XapKiBChKHiT (hi3MKO-TeX-
HIYHNHT iHCTHTYT"

Byn. Axanemiuna, 1, 61108, Xapkis, Ykpaina
Kcenodontos Bsuecnas OmekciitoBug

Tex.: +380 57 7002676; +380 57 7576428

Daxc: +380 57 3351688

Enexrponna momrra: mikhailovskij@kipt.kharkov.ua
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NEW MATERIALS AND NANOTECHNOLOGY

OXIDE NANO-POWDERS FOR ADVANCED MEDICAL
AND INDUSTRIAL APPLICATIONS

Description

Technology of obtaining oxide nanopowders with speci-fied
chemical, phase and granulometric composition is based on
wet-chemicals methods with the use MW radiation, pulse
magnetic field and ultrasonic for agglomeration prevention.

We obtain ZrO, (0-8 % Y,03) powders with prede-
termined particle size in the range from 5 to 30 nm, narrow
size distribution and specific surface area 140—20 m%/g,
respectively with soft agglomerates for ceramics, compos-i-
tes and SOFC applications.

We obtained TiO, (anatase) powders with predeter-
mined particle size in the range from 5 to 25 nm, narrow
size distribution, specific surface area from 150 to 50 m?/g
and soft agglomerates for catalyst and UV-protects and
TiO, (rutile) powders with particle size 30—50 nm.

We obtained LaSrMnOy powders with narrow size
distribution (12—15nm) and bimodal size distribution
(40,200 nm) for magnetic sensors and SOFC cathodes, and
other oxide powders (PZT, Al,O, based, for example).

We have a pilot line for nanopowders obtaining.

We also obtain zirconia and/or alumina ceramics with
small grains for wear-resistant, structural, instrumental and
functional applications. Porous ceramics obtained can be used
in medicine, catalysts, filters and SOFC electrodes. We can ob-
tain nanocomposites with metal, ceramics and polymer matrix.

We obtain PZT ceramics.

Innovative Aspect and Main Advantages

The main advantages of our technology are:

—  more narrow particle size distribution;

—  lower degree of agglomeration;

—  predetermined particle sizes in the range of 5 to 50 nm;

—  high homogenious component distribution;

—  low synthesis temperature (400—700 °C);

—  eliminating the mechanical grinding stage;

—  easy scale-up in manufacturing;

—  low sintering temperature (1250—1350 °C)

—  high performance of ceramics including homogenity,
stability and durability;

— lifetime of ceramics mine pump plunger from zirconia
nanopowders is 15—20 times longer than usually

—  production of precise articles and films;

—  lower cost, environmentally friendly;

—  lower energy consumption.

Areas of Application
Power Engineering — SOFC, thermal stable coatings for
turbine blades;
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Complex
cerami

Fig. 2. Ceramic details

Mining Industry — rods, plungers, injectors;

Chemical Industry — parts of pumps (breechblocks, valves,
plungers) injectors, milling balls, catalysts, sorbents;
Metallurgy — refractory structural elements, cutting tools,
guides, crucibles;

Medicine — prosthetic appliances, filters, ion-exchangers,
UV-protect, capsules.

Stage of Development

Tested, available for demonstration, field tested.

Contact Details

Material Science department Donetsk Institute of Physics
& Engineering National Academy of Sciences of Ukraine
Str. R. Luxemburg 72, Donetsk 83114, Ukraine
Konstantinova Tetyana Evgenevna

(062) 311-11-21

(062) 337-75-13

tatjana@konstant.fti.ac.donetsk.ua
www.donphti.ac.donetsk.ua
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HOBI MATEPIAJIN TA HAHOTEXHOJIOrIi

TEXHOJIOITA OTPUMAHHA ORCHUIHNX HAHOIIOPOIIIRIB
13 SATAHUM XIMIYHUM, ®A30OBUM

TA TPAHYJIOMETPUYHUM CRJIAOM

KEPAMIRKHA I KOMIIO3UTIB HA IX OCHOBI

02110 npono3uuii

Texnosiorist oTpUMaHHs OKCH/IHUX HAHOTIOPOIIKIB i3 3a/1a-
HUM XiMiYHUM, (HA30BUM i TPAHYJOMETPUUHUM CKJIA/IOM,
6a3yeThbest Ha XIMIYHOMY METO/Ii OCa/IKEHHST Ta BHKOPHUCTO-
Bye HBY BurnpomiHioBaHHS, iMITyJIbCHE MarHiTHe 10Jie Ta
VJIBTPA3BYK /151 3a1100iraH s arJioMepartii.

Mu orpumyemo noporiku ZrO, (0-8 % Y,05) i3 3ana-
HUM PO3MIPOM YaCTHHOK B /iana3oi Bix 5 10 30 HM, 3 By3b-
KHM PO3IO/IIJIOM YACTUHOK 32 PO3MipaMu 1 MUTOMOIO T10-
Bepxmeio 140—20 M2/, BiZIMOBIHO, 3 M'AKIMI aroMepara-
MU [ OTPUMAHHS KepaMiKu, KOMIIO3UTIB i BUKOPUCTAHHS
[IPY BUTOTOBJICHHI TBEP/IOTIIBHUX NAJTUBHUX €JIEMEHTIB.

Mu onep:kyemo noporiku TiO, (anaTas) i3 3ajianum
PO3MIPOM YaCTHHOK B /lialta3oHi B 5 10 25 HM, 3 By3bKIM
PO3IOIJIOM YAaCTUHOK 32 PO3MipaM# 1 MUTOMOIO TIOBEPX-
nero 150-50 M2/ T, BiIMOBIZIHO, 3 M'SIKNMU arJoMepaTtaMin
JUIS OTPUMAHHS KaTali3aTopiB i 3aXUCTY Bifl yabrpadiosie-
TOBOTO BUTPOMiHIOBaHHS i mopomku Ti0, (pyTnir) 3 pos-
Mmipom gacturok (30—-50 Hm).

Mu opep:xamm nopomtkn LaSrMnO; 3 By3bkuM po3-
noztiziom 3a posmipamu (17—19 um) i 6iMogAIBHUM PO3IIO-
nimom 1o posamipam (40,200 HM) 1 MAarHITHUX ATYNKIB i
karoxis SOFC.

Ta inmi okucni nopomku, Hanpukiag PZT Al,O,.

Mu MaemMoO MIJIOTHY JIHIIO JJ11 OTPUMAHHS OKCUTHUX
HaHOTIOPOIITKIB.

Mu oziep:KyeMO 3HOCOCTIHNKY KepaMiKy Ha OCHOBI /IiOK-
CHTY TIMPKOHIIO 1/a60 OKCHUITY aTIOMIHII0 3 MaJTM PO3MipOM
3epHa it POOOTU B arpecHBHHUX YMOBAX, a TAaKOK KOHCT-
PYKITHHY, iIHCTPYMEHTATbHY 1 DyHKITIOHATBHY KepaMiky. Mu
O/IEP’)KYEMO TIOPUCTY KepaMiKy I8 MEIUIIMHU, Karasisa-
TopiB, GinsTpiB i enekrponia SOFC. Mu Mmoxkemo oziep:kaTi
HAHOKOMIIO3UTH 3 MeTaJI0M, KepaMiKoIo 1 I10J1iMepoM.

Mu oniepkyeMo T1'€30KepaMiKy.

quoeamﬁuuﬁ acnexm ma OCHOBHl nepesasu

[TopiBHSHO 3 iHIIUMU, HAIIA TEXHOJIOTIA Ma€ HACTYIIHI T1e-

peBarm:

—  BY)KUMH PO3TO/IiJl YACTUHOK 32 PO3MipaMU;

—  HMIKYMII CTYHIHb arjioMepartii;

—  MOJKJIUBICTbH OTPUMaHHS YaCTUHOK 3 3a3flaJieri/ib 3a-
JAHIM PO3MipOM YaCTUHOK B Jliama3oHi Bzt 5 10 50 wwm;

—  OLJIbIT TOMOTEHHMIA PO3IIOALT KOMIOHEHTIB;

—  HusbKa Temmepatypa cunresy (400-700 °C);

—  yCyHeHHs olepailil MeXaHi9HOTO MoAPiGHEeHHST;

—  JIErKo BCTAaHOBUTH MaciiTab polecy y BUPOOHUIITBI;

—  uu3bKa temreparypa crikanis (1250-1350 °C);

—  BHCOKa JIOCKOHAJICTh (JOPMU KE€PAMiK1, BKIIOUAIOUN
OJIHOPIIHICTD, CTAbIIBHICTD BAACTUBOCTEH 1 BHOCOCTIi-
KICTB;

—  BeJIMKa TPUBAIICTb TEPMiHYy BUKOPUCTAHHS KEPAMiKH,
HAIPUKJIAJ, TEPMiH eKCILTyaTallii B yMOBaX BYTiJIbHOI
MAXTU 1ITOKAa MACTUJIBLHOI CTaHIli 3 HAHOIOPOIIKY
JioKeuy upkonio y 15-20 pasis Gisbiie, Hix y 3BU-
YaHOrO;

HAYKA TA THHOBAIIIL. Ne 4, 2006

Puc. 2. Kepamiuni gerami

—  BUPOOHMIITBO TOYHUX JAeTajel i IIiBOK;
—  HU3bKa BapTiCTh, €KOJIOTIYHA YHCTOTA;
—  HU3bKE eHEePrOCHOKMBAHHS.

Tany3si 3acmocyeanns

Enepretuka — maymBHi KOMipKU, TEPMOCTIIKI TTOKPUTTS 7SI
JIONATOK TYPOiH.

ByrisibHa IPOMHUCIIOBICTD — IITYHKEPH, IIITOKU, iHKEKTOPH.
XiMiYHa IPOMUCJIOBICTh — YACTUHU HACOCIB, MEJIIOYHU TiJIa,
KaTanizatopu, COpOEHTH.

Mertanyprist — BOTHECTilKi CTPYKTYPHI eJIeMEeHTH, PIKYIUit
iHCTPYMEHT, HANTPABJISIOYi, TUTJII.

Meauuuna — nporesu, Giasrpu, ionoodminnuku, YD-3a-
XHCT, KaICyJIH.

EnexTpoHika — i30J15TOPH, HAIIPABJIAIOU, IATUNKH.

Cmaois po3pooxu
IlepeBipena, roToBa /1 IEMOHCTpAIIii — TPOBE/IEH] BUTIPO-
GyBaHHSI.

Konmaxmmna ingpopmauis

Binmin ¢izmunoro martepiasosnaBctsa, [lorensruii ¢izn-
ko-texuiyamii incrutytr HAH Ykpainn

Bya. P. JliokcemOypr 72, [lowervk, 83114, Ypaimna
Koncranrinosa Tersina €BreniiBHa

Tex.: (062) 311-11-21

Dakc: (062) 337-75-13
tatjana@konstant.fti.ac.donetsk.ua
www.donphti.ac.donetsk.ua
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NEW MATERIALS AND NANOTECHNOLOGY

NANO-CERAMIC COMPOSITES
FOR WEAR-RESISTIVE APPLICATIONS

Description

We present technologies for development of ceramic nano-
composites based on SiC-C and SizN,-TiN-TiB, systems
for using in novel generation of ceramic cutting tools, wear
resistive components, radiation resistive ceramic compo-
nents and for other potential applications. Such properties
as high melting temperatures, hardness, chemical and ther-
mal stability and other are successfully combined in them.
Formula SiC-C means nanocrystalline (40120 nm) beta-
silicon carbide reinforced with diamond planar clusters
built-into the lattice of SiC. This unique structural proper-
ty provides for 40 GPa hardness in pure poreless ceramics.
We found hardness of 24 GPa in nanocompostes with alumi-
na, which also show fracture toughness around 9 MPa m*/%
As a result of NATO SfP project we have built the pilot
unit for production of 20 kg of SiC-C nanopowder a day.
Here we propose the technology development of the nano-
composites based on SiC-C nanopowders.

Another group of nanocomposites based on nano-TiN
reinforced with nano TiB, and SisN, particles was obtained
by sintering, high-pressure sintering and spark-plasma sin-
tering. Prototypes of cutting tools (unresharpable tools)
were tested botﬁ at room and elevated temperatures. These
composites are promising tools for extra-fine finishing of
metallic parts. Such parameters as hardness around 20 GPs,
fracture toughness up to 8.5 MPa m'/?, show high stability
(grain size around 80 nm) up to 800 C which looks attrac-
tive. The best combination of properties: hardness 24 GPa,
bend strength > 500 MPa, and fracture toughness of
7 MPa m'/? was revealed for the TiN-25 %Si;N, nanocom-
posite. With sintering process without pressure near fully
dense (98.5 %) ceramics can be achieved and therefore,
such process is promising for mass production of tools. At
present we ]propose development of technology for ceramic
cutting tools based on TiN-SisN, ceramic nanocomposites.

Innovative Aspect and Main Advantages

A very good combination of hardness and fracture tough-
ness at room and elevated temperatures looks attractive for
cutting tool application.

Technological operations are not expensive: for instan-
ce, synthesis of SiC-C is comparable with analogues by costs,
pressureless sintering at moderate temperatures is used
instead of hot pressing etc.

Refinement of grains is a desirable property for fin-
ishing treatment of alloyed steels and viscous metals and
alloys. Stability of properties at high temperatures is prom-
ising for dry cutting operations.

We have a patent of Russian Federation concerning
technology of SiC-C nanopowder synthesis, pending patents
of Ukraine and know-how in technologies of TiN-TiB, and
TiN-Si;N, nanocomposites.

Areas of Application

Cutting tools, ceramic bearings, wear resistive components.
Cutting tools made from Si;N,-TiN nanoceramics

were tested in ALCON (Kiev, Ukraine). Wear resistive com-
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Fig. 2. TiN-Si3N, multilayer cutting plates (50 % SisN, 50 % TiN)

ponents based on SiC-C ceramics were examined in Baker
Hughes INTEQ GmbH.

Stage of Development

The pilot unit for SiC-C nanopowder synthesis is under ope-
ration. The pilot batch of cutting tools made from SigN,-TiN
nanoceramics has been prepared. Technical documentation
is under preparation.

We have a patent of Russian Federation concerning te-
chnology of SiC-C nanopowder synthesis, pending patents
of Ukraine and know-how in technologies of TiN-TiB, and
TiN-Si3N, nanocomposites.

We would prefer joint development of ceramic nano-
composite products with foreign partner. Licensing of te-
chnologies or development of start-up company or joint
venture would be also appropriate.

Contact Details

Frantsevich Institute for Problems in Materials Science
3, Krzhizhanovski str.

Nanostructured Materials and Nanocomposites
Nanocomposites based on high melting compounds
Andrey V. Ragulya, Dr. Prof. Vice-director of IPMS
Tel.: (including code) +38-044-424-7435

Fax: (including code) +38-044-424-2131
Ragulya@ipms kiev.ua
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HOBI MATEPIAJIN TA HAHOTEXHOJIOrIi

KEPAMIYHI HAHOROMIIO3UTH /1151 HOBOT'O IIOKROJIIHHA
PIORKYUYHUX IHCTPYMEHTIB I BASKRKOHABAHTASKEHHX
SHOCOCTIMKUX KOMIIOHEHTIB

022150 npono3uuii
Mu po3pobI1siEMO TEXHOIIOTI BUTOTOBJIEHHST KepaMidyHIX Ha-
Hokom1o3uTiB Ha ocHOBI cuctem SiC-C Ta Si3N,-TiN-TiB,
3 METOIO CTBOPEHHST HOBOT'O ITOKOJIIHHA KePaMiYHUX PIKYUNX
IHCTPYMEHTIB, 3HOCOCTIHKMUX KOMIIOHEHTIB, pajiiariiiiHo-
CTilIKO1 KepaMiKu Ta iH., B IKUX FTAPMOHIHO TIO€/IHAHI Kpa-
111 BJIACTUBOCTI TYTOILIABKUX CHOJIYK: BUCOKI TeMIIepaTypu
[JTaBJEHHS, TBEPAICTb, XiMiyHa i TepMmiuHa cTabiIbHiCTD,
Terio- i esekTponpoBiaHicTs Ta in. Mopmyna SiC-C mo-
3Havyae HaHokpuctaniunuii (40—120 Hm) Gera-Kapbig Kpem-
HIIO, SIKMi1 3MiIIHEHWH TIJIOCKUMU JIMA3HUMU KJIaCTepaMH,
postamoBanuMu B perritiii SiC. Ile ynikanbhe cTpykTypHe
sBulile 06yMOBIIIOE HaABUCOKY TBepaicth 40 I'Tla uncroi
6e3nopucTol KepaMiku. Mu BCTAHOBUJIM BHCOKY TBEPAICTh
24 T'Tla i pna manokoMio3utiB SiC-C 3 okcuzoM aloMi-
Hil0, AIKi MAIOTh B'sI3KicTb pyinysannsa 9 MIIa-m"2 B pe-
sysbrari BukoHatHsi 1ipoekty NATO SfP mu crBOopuin
TEXHOJIOTIIO 1 YCTATKyBAHHSI JIJIsI TIJIOTHOTO BUPOOHUIITBA
20 xr moporky SiC-C ma 106y. IlepcreKTUBHNUM TTaHOM €
PO3pO6Ka TEXHOJIOTIH 1 OPraHi3allist MJIOTHOTO BUITYCKY Ha-
HOKOMIIO3UTiB Ha 0cHOBI SiC-C HaHOTOPOIIIKIB.

Inmra rpynma HaHokoMmosuTiB Ha ocHOBiI HaHO-TIN,
o 3minueni Hanoyacrunkamu TiB, i SisN, orpumana crii-
KaHHSM, CITIKAHHSM ITi/{ BACOKUM THCKOM i eJIeKTPOPO3PSI/I-
HuM crikanHsaM. [Ipororunu piskydoro incTpyMeHTy (1171a-
CTHHH, 1110 He TIEPETOUYIOThCs ) Gy BUIIPOOYBaHi Py KiM-
HaTHIl 1 migBumeHiit Temmnepatypi. 1li komnosuTtu € npu-
JATHUMU /U1 CTBOPEHHS 1HCTPYMEHTY HAJTOHKOTO TOYiH-
Hsl i QiHIIMHTY MeTaIeBuX Bupobis. Teepaicts 1o 20 I'la,
B'sI3KiCcTh pyHHYBaHHS 70 8,5 MIla-m'? ¢ crabinpinvu
(poamip 3epen 80 um) o remmnepatypu 800 °C. Kpamra kom-
OliHallist BAACTUBOCTEI! 3HalIeHa /it HaHOKoMITIo3uTy TiN-
25 % SigNy: tBepaictb 24 T'Tla, minHicTs Ha 3TIH > 500 M1la,
i Tpimuuoctiiixics 7 MIla-m/% Cropenns Takoi HaHOKe-
paMiKi BMKOPHUCTOBYE IIPOIEC BIJIbHOTO CITIKAHHS, 1110 €
MPUAATHUM TSI TOCATHEHHsT BUCOKOI miibHOCTi (98,5 %),
30epesKeHHsT HAHOCTPYKTYPHU AOCATHEHHS IIOTPIOHIX BJIac-
TUBOCTEH, 1 BATOTOBJIEHHST TIJIACTUH iHCTPYMEHTY.

Innosauiiinuii acnexm ma ocnoemi nepesazu
Jlo6pa kombinaltiss TBEpAOCTI i TPIMHOCTIHKOCTI IpH KiM-
HATHI i MiABUIIEHI TeMIIepaTypi € TPUBaGINBOIO /IS CTBO-
PEeHHSI KepaMiuHOTO PIsKydoro iHCTPYMEHTY /JISi TOHKOTO
TOYIHHS.

TexnomoriuHi onepariii € HeJOPOTIMI: HATTPUKJIA/I, CUH-
te3 SiC-C Ha piBHI MJIOTHOrO BUPOOHUIITBA HE € JTOPOIK-
YMM 32 aHaJo0rd, BUKOPUCTAHHS BUJILHOTO CIIKaHHS TIPU
HU3BKOI TeMmIlepaTypi 3aMicTh 3BUYAIHOTO Tapsyoro Ipe-
CyBaHH4.

3MEHITIeHHsI PO3MIPY 3epeH € Ha)KaHOI0 BIACTHBICTIO
115t iHiHOT 06pOOKM HePsKaBIIOUOI cTasll Ta B'A3KMX MeTa-
JiB i crutaiB. CTabiibHICTh BJACTUBOCTEI HAHOKEPAMIKK
[IPY BUCOKHUX TEMIIepaTypax TOUYiHHS € TaKOX Jy:Ke Ipu-
BabJIMBOIO.
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e S ninponces

SIC wanopmles

Puc. 1. Hanonopomxku SiC-C

Puc. 2. Bararomaposi kepamiyni miaactuaun TiN-SizNy
(50 % SigN, 50 % TiN)

Mu maemo narent Pocificskiit Depepartii 1po TexHo10-
rifo BupobuuirTBa Hanomopotky SiC-C, 3asiBIe€HO TaTeHT
VYkpainu Ha crioci6 orpuMannsg Hanokomio3uTis TiN-TiB,
i TiN-Si3Ny.

TIany3s 3acmocysanns
Pixxyuwit iHcTpyMeHT, KepaMivyHi i [ITUITHITKY, 3HOCOCTIli-
Ki KOMIIOHEHTH

Pixkyui mactunm, gKki 3pobieHi 3 HaHOKepaMiKu
SisN,-TiN Gyau arecrosani B komnanii AJIKOH (Kuis,
Ykpaina)

3HOCOCTIIKi KOMITOHEHTH Ha 0cHOBi KepaMiku SiC-C
Gysmm niepesipeni B kommanii Baker Hughes INTEQ GmbH

Cmadis po3pooxu

[TisoTHE ycTaTKyBaHHS JJIsl BUPOOHUIITBA HAHOTIOPOIIKY
SiC-Cicnye i npaioe B inctutyTi. [Tinorny naprito pizkydo-
ro iHcTpyMeHTy 3 HaHokepamiku SisN,-TiN BurorosiseHo i
aTe6CTOBaHO. Texmosoriuna OKyMeHTAITisT B TIPOIEeCi po3-
poOKu.

Konmaxmmna ingpopmauis:

Iucturyt mpobiem matepiamosnasersa im. 1. M. Mparre-
Buya HAHY

03142, KuiB-142, Byn. Kpxxuxaniscbkoro,3

IIpod. Parymns Aunpiit Boromumuposuy

Ten.: (3 kogom) +38-044-424-7435

Daxc: (3 kogom) +38-044-424-2131

Ragulya@ipms kiev.ua
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NEW MATERIALS AND NANOTECHNOLOGY

SURERCONDUCTING NANO-MATERIALS
FOR CRYOGENIC ELECTRICAL MACHINES

Description
The aim of presented project is formation of magnesium
diboride based superconducting nanostructural materials
with high level of critical current density, j,., field of irre-
versibility, H,,, trapped magnetic field, B, microhardness, H,,
fracture toughness, k,,, Young modulus, E, and density close
to the theoretical one. Such materials will be effective for
application in the cryogenic electrical machines (electric
motors, pumps) working at the liquid hydrogen temperature
(20 K). The increase of j, and B we plan to reach using high
pressure-high temperature synthesis and alloying. In the
frame of the project an electromotor will be constructed
based on the best of developed materials and its efficiency
will be estimated. The magnesium diboride based supercon-
ductive blocks for the elements of the electromotor rotor will
be produced by high pressure-high temperature synthesis.
Modern technological progress is aimed at substitution
of fuel for aircrafts and combustion engines of autotransport
and watertransport (submarines) by hydrogen, at the develop-
ment of electrical power networks (first of all on the territory
of the USA) by which the electrical power should be trans-
mitted to big distances through the superconductive cables at
the liquid hydrogen temperature and using liquid hydrogen as
cooling agent. These directions caused great interest to electric
machines working at the liquid hydrogen temperature.
Superconductive electromotors and pumps for liquid hydro-
gen pumping will be in great demand when new technologies
utilizing liquid hydrogen are introduced: they are more effec-
tive than traditional ones due to essentially smaller weight,
considerably higher speed of operation in the reversion regime
and higher specific output power on the rotor surface.

Innovative Aspect and Main Advantages
Scientific and technological approach to development of
bulk materials using magnesium diboride is based on syn-
thesis in high pressure conditions. Improved magnetic
properties are to be obtained due to high material density,
nano-dimensional defects and chemical doping. Special
attention will be paid to technological basis of synthesis of
bulk blocks with typical dimensions up to 50 mm and fur-
ther selection of samples with equal parameters by frozen
magnetic field estimation and measuring of the levitation
force. Developed magnesium diboride based superconduc-
ting nanostructural materials should have high level of
critical current density at 20 Kj, > 1000—100 kA/cm?in the
fields 3—4 T, field of irreversibility, H,,> 8 T, trapped mag-
netic field, B> 2 T for the samples 30—50 mm in diameter,
mlcrohardness H,>15 GPa at P=49 N, fracture tough-
ness, k.27 MPa><1111/2 Young modulus E >220 GPa and
den31ty close to the theoretical one.

One of the advantages of superconductive motors, gen-
erators and pumps is high power density due to a small size
of rotor that allows an essential decrease in size (by
5-8 times) and weight, as well as achieving of high dynam-
ics: a high angle acceleration which is especially important
when a device operates under the conditions of high reverse
frequency. The use of superconductive electrical machines
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SUPERCONDUCTING NANOSTRUCTURAL MAGNESIUM-DIBORIDE-
BASED MATERIAL FOR CRYOGENIC ELECTRICAL MACHINES
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Fig. 1. Superconducting nanostructural magnesium-diboride-
based material for cryogenic electrical machines

saves energy resources. Advancement in applications of the
second-type superconductors in electrical machines is close-
ly related to materials improvement, because in operation
they should provide high currents in magnetic field and
should withstand stresses induced by magnetic fields and
temperature variations during heating-cooling processes.

Areas of Application

Electroengineering (electromotors, generators and pumps
for liquid gases pumping, fault current limiters), magnetic
transport (MAGLEV), fly-wheel energy storage systems

Stage of Development
National patents, know-how Development phase - labora-
tory tested

Contact Details
Institute for Superhard Materials of the National Academy
of Sciences of Ukraine
Tatiana Alexeevna Prikhna
2, Avtozavodskaya Str., Kiev 04074, Ukraine
Tel.: +380-44-430-11-26
Fax: +380-44-430-11-26
E-mail: prikhna@iptelecom.net.ua,
prikhna@mail.ru,www. ism.kiev.ua
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HOBI MATEPIAJIN TA HAHOTEXHOJIOrIi

HAIIBIIPOBITHUKOBUI1 HAHOCTPYKTYPHUI
MATEPIAJI HA OCHOBI IUBOPUIY MATHIIO
NIJISI KPIOTEHHUX EJEKTPUYHUX MAIIINH

02110 npono3uuii
MeTo10 1aHOTO TTPOEKTY € CTBOPEHHS HAJIIPOBIHUKOBUX
HAHOCTPYKTYPHUX MaTepiasiB Ha OCHOBI IMOOPHY MaTHIIO
3 BUCOKUM PIBHEM T'YCTHHU KPUTHYHOTO CTPYMY, f,, TTOJISI
HeoboporHocTi, H;,, 3aXOIUIEHOr0 MarHiTHOro 1oJsi, B,
TBepaocTi, Hy, TpiluHOCTIHKOCTI, k-, Ta Momyas IOnra,
I'yCTHHA SIKUX OJIU3bKA 0 TEOPETUYHOI, | e(heKTUBHUX JJIst
3aCTOCYBAHHA Yy KPIOTEHHUX €JIEeKTPUYHUX MalllnHax (eJre-
KTPOMOTOpaxX Ta Hacocax), M0 HPAIOIOTh MPU TeMIlepa-
Typi piakoro Bomuio (20 K). B pamkax mporo mpoexty Ha
6a3i Kpamoro 3 po3pobIeHX MaTepiasiB Oyae BUTOTOBJIE-
HO €JIEKTPOMOTOP 1 OIfiHeHO epeKTHBHICTh HOro poGOTH.
BJioku HaapoBiHOTO MaTepiany Ha OCHOBI AMOOPULY Mar-
HITO J7Is1 eJIEMEHTIB POTOpa eJIeKTPOMOTOpa OY/IyTh OepKa-
Hi IIJISIXOM CHHTE3Y B YMOBaX BUCOKHX THCKIB Ta TEMIIEpaTyp.
IHTEepec 10 eIeKTPUYHKUX MAIIWH, 0 TIPAIIOI0TH TIPU
TeMIepaTypi piKOro BOAHIO, 00YMOBJIEHUIT CydacHUM Hay-
KOBO-TEXHIUHMM IIPOTPECOM, CIIPSIMOBAHNM Ha TIepexijl aBia,
aBTO Ta BOIHOTO (TiABOHI YOBHN ) TPAHCIOPTY HA BUKOPH-
CTaHHS B SIKOCTI NaJIMBa PiZIKOTO BOJHIO, @ TAKOX Ha CTBO-
PeHHs eJIeKTPUYHOI Mepeski (B TIepIry yepry, Ha TepUTopii
CIITA), y skiit eJleKTPUYHUI CTPYM Ma€ Iiepe/iaBaTich Ha
BEJIMKI BIZICTaHi 10 HAAPOBIAHUM KabeJsiM TIPH TeMIiepa-
TYPi PiZIKOTO BOJHIO i 3 IOTO BUKOPUCTAHHSIM Y STKOCTi XO-
sozoareHTy. ToMy HaIIPOBi/IHI €JIEKTPOMOTOPH Ta HACOCH
JUTSL TiepeKauyBaHHsI PiZIKOTO BOJHIO, SIKi e(heKTUBHIII 3a
TPaIUIIIITHI Yepe3 3HAaYHO MEHTIITY Bary, iCTOTHO BUTILY IIBU/I-
KOO y PesKUMi peBepcy Ta GLIBIITY MUTOMY MOTYKHICTH
Ha OJIMHUIIIO ILJIOIIII TIOBEPXHI POTOPA, CTAHYTb Y HArOI1 TPU
Tepexo/Ii 10 TEXHOJIOTIH 13 3aCTOCYBAHHSIM Pi/IKOTO BOHIO.

Innosayiiinuii acnexm ma ocno6ni nepesazu
HaykoBwuil Ta TeXHOJIOTIYHWI MTiXi/ 10 PO3POOKN MaCHB-
HOTO MaTepiasy Ha OCHOBI 1nGOPU/LY MarHito OCHOBaHUil Ha
CHHTE31 B yMOBaX BHUCOKMX THCKiB. IliaHyeTbcs pocsarti
MOKPAIEHHs] MATHITHUX XapPaKTEPUCTHK 32 PAXyHOK 306i/1b-
IIeHHs TYCTHHH MaTepiary, peryJIioBaHHs KiJIbKOCTI HAaHO-
po3MipHUX JePeKTiB CTPYKTYPH i XiMIUHOTO JIeTyBaHHSI.
OcobuuBy yBary 0yzie pujiJieHO TEXHOIOTIYHIM OCHOBaM
CHHTE3y MACUBHUX OJIOKIB (3 poamipamu 10 50 MM) i aTecTa-
11ii MaTepiasy 32 MAaTHITHUMU XapaKTePUCTUKAMU JIJIs1 BU-
6opy 3pa3sKiB 3 OJIHAKOBMMH BJIACTUBOCTSMH, IIJISIXOM OIliH-
KU 3aXOTJIEHOTO MarHiTHOTO TOJIST 1 BUMIPIOBAaHH: JIEBITYIO-
yoi cuy. HaimpoBiziHi HAHOCTPYKTYPHI MaTepiain Ha ocC-
HOBI AMGOPULY MaTHIIO, 110 PO3PO0JIEH], MATUMYTh BUCOKHIT
PiBEHb TYCTHHI KPUTHYHOTO cTpyMY, j, > 1000100 kA /cm?
npu 20 K 8 nosstx 3—4 Tor, nosist weobopothocri, H,, = 8 Ti,
3aXOTIIIEHOTO MaTHiTHOTO 10181, B > 2 Tt y 3paskax miamer-
pom 30—50 mwm, TBepzocTi, Hy > 15 I'Tla pn HaBaHTaKEHH]
P =49 H, tpinmunoctiiikocti, k> 7 MTTaxm'/?, Ta MOJLYJIst
[Owra, E> 220 I'Tla, ta rycTHmHu 1o 6Jr3bKa 10 TEOPETHIHOI.
Jlo mepeBar Ha/AIIPOBITHNX MOTOPIB, TeHEPATOPIB Ta
HACOCIB Y MOPIBHSAHHI 3 TPAAULIIMHUME CJIiJT BITHECTH BEJIU-
Ky MUTOMY TIOTY;KHICTb, 10 03BOJIsIE icToTHO (Y 5—8 pa-
31B) 3MEHIINTH IX PO3MIpH 1 Bary, a TaKOXX JIOCSITTH BUCO-
KOI JIMHAMIKU: BEeJIUKI KyTOBi NPUCKOPEHH:, dKi HAJ[3BU-
yaliHO BasKJIMBI Mpu poOOTI B PEKUMI 4acTOro pesepcy,
00YMOBJIIOETBCSI MAJIMMK PO3MIPaMU POTOPIB. 3acToCy-
BaHHSI HA/[IIPOBITHUX eJIEKTPUYHUX MAIIIMH BeJie /10 30epe-
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HAQNPOBIAHWA HAHOCTPYKTYPHWI MATEPIAN HA OCHOBI
[WEOPUAY MATHIKO ANS KPIOTEHHUX ENEKTPUYHUX MALLMH
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Puc. 1. Haanpoianuii HAHOCTPYKTYPHHI MaTepiajl HA OCHOBI TU-
60puULy MarHiio

JKeHHs enepropecypciB. IIporpec B HanpsiMky BIpoBaj-
JKEHHSI HQ/ITPOBIZIHUKIB JIPYTOTO POy B €JIEKTPUYHI Ma-
IIUHY TICHO TIOB'SI3aHUH 3 BIOCKOHAJIEHHSAM HAIIPOBITHUX
MarepiajiB, OCKLJIbKU B IIpolieci poboTH BOHM IIOBUHHI 3a-
GesrneuyBaTH BUCOKMU PiBEHb IYCTHHU KPUTUYHUX CTPY-
MiB Yy MarHiTHUX IOJISIX 1 BUTPUMYBATU 3HAUHI MEXaHIUHI
HaBaHTa)KeHHs, 0OYMOBJIEH] AI€0 MAarHITHUX MOJIB i Tep-
MIYHUX HAIPY;KeHb, 110 BUHUKAIOTH IIiJl Yac HarpiBy abo
OXOJIOJIZKEHHS.

Ianysv 3acmocyeanns

Enexrporexnika (€J1eKTPOMOTOPH, TeHEPATOPU Ta HACOCH
JUTS TIepeKadyBaHHsI PIIKHAX Ta3iB, cTPyMOOoOMekyBadi),
TpaHcopT Ha MarHiTHOMY mizBici (MAGLEV), Hakonnuy-
Bay eHeprii TUILy "MaxoBe Kojeco"

Cmadis po3pooxu
Harmionanpui natenTtn Ykpainu, noy-xay. Ctatiss po3BUTKY
— mepeBipeHo y J1abopaTOPHUX YMOBAX.

Konmaxmna ingpopmauin

IHcTnTyT HapTBepAMX MatepiamiB im. B. M. bakynas HAH
Ykpainu

[Tpixna Tetsina OsekciiBHa

Kuis 04074, Bys1. ABTO3aBO/ICBKa, 2

Tex.: +380-44-430-11-26

Daxkc: +380-44-430-11-26

prikhna@iptelecom.net.ua,

prikhna@mail.ru,

www.ism.kiev.ua
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