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