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.
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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.
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