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5. HaykoBo-TexHi4Ha poooTa

HasBa po6oTHu (YKp)

TexHosorist popMyBaHHSI BUCOKOMIITHMX HAaHO- Ta MIKPOCTPYKTYPHUX MTOKPUTTIB KOMOIHOBaHMU METOaMU

Ha3sBa po6oTH (aHrJI)

The technology of high-strenth nano- and microstructure coating obtained by combined methods

Pedepar (yxp)

OO6'exT HOCIifXKEHHS: TeXHOJoriss (GOpMyBaHHS KOMOIHOBAaHMMHU METOAAMU TiOpUIHMX HAHOKOMIIO3UTHUX IIOKPUTTiB. MeTa
pOOOTH: CTBOPEHHSI TEXHOJIOTil 3MIIJHEHHSI MOBEPXHi KOHCTPYKLIMHUX MarepianiB KOMOIHOBaHMMU METOJaMu OOGPOOKU 3
BUKOPUCTaHHSM IJIa3MOBUX CTPYMEHIB. MeTOJ, TOCIIiI)KEHHS: 3aCTOCYBaHHSIM I1JIa3MOBO-AETOHALIHOTO Ta BaKYYMHO-AyTOBOTO
MeToiB (poMyBaHHS TiOpUIHUX HAHOCTPYKTYPOBAHMX 3aXMCHUX MOKPUTTIB Ha ocHOBi cuctem (Ti-Hf-Si)N/NbN/AI203, (Ti-Zr-
Si)N, (Ti-Hf-Si)N Ta WC-Co; mocmipKeHHsI BJIaCTUBOCTE OTPUMAHUX IOKPUTTIB IISIXOM 3aCTOCYBaHHSI PEHTT€HOCTPYKTYPHOTO
aHaJi3y, eJIeKTPOHHOI MiKPOCKOIIii, HAHOPO3MipHOi TBEPAOMETPii, CKJIIEPOMETPUYHUX Ta iHIIMX METOZIB aHali3y TPUOOTEXHIYHUX
XapakTEePUCTUK NOKPUTTIB. Y 3BiTi mpexacrasyieHi pesysnbTaté (POPMyBaHHS KOMOIHOBaHMM METOIOM HAaHOKOMIIO3UTHUX
riopuaHUX MOKPUTTIB. B POGOTI MOENHYIOTHCS MJIa3MOBO-AETOHALiHUM MeTon (GOPMYBaHHS MOKPUTTIB Ta iOHHO-TIIa3MOBI
METO/IY OCaKEHHSI. YIOCKOHAJIEHO TEeXHOJIOTiI0 (POPMYBaHHS TEPMIYHO-CTIMKMX 6araTomapoBUX MOKPUTTIB HA OCHOBI CUCTEMU
(Ti-Hf-Si)N/NbN /AI203. [ocnigkeHO XapaKTepUCTUKM IpoueciB ¢GOpMyBaHHS IOKPUTTIB, (a3oBUil CKIafl, CTPYKTYPY,
Halpy>XeHW! CTaH 1 (@i3MKO-ME€XaHiYHi XapaKTEPUCTUKM OTPMMAHUX TIOKPUTTIB. BusHayeHO i3n4yHi 3aKOHOMipHOCTI
(popMyBaHHSI 3aXMCHUX MOKPUTTIB KOMOIHOBAaHMM CIIOCOOOM. [lOCIIPKEHO €BOJIOLiI0 (Pi3UKO-MeXaHIUHUX i TPUOOTEXHIYHUX
BJIACTUBOCTEN TiOpUIHUX MOKPUTTIB. 3a pe3ysbTaTMU AOCIIIKEHb BCTAHOBJIEHO, IO B 3aJI€’KHOCTI Bif, (Pi3MKO-TEXHOJIOTIYHUX
napameTpiB TBEPHICTb IOKPUTTIB 3MiHIOeTbCsS BiA 47,8 mo 56,5 I'Tla, mpu LbOMy MOZYJb NPYKHOCTi NpuUiiMae 3HA4YeHHS B
nianaszoni 435 - 578 I'Tla. BumipioBanHs HaHOTBepzocTi migmapy NbN nanu 3naueHHs Bif 29,4 no 32,3 I'Tla, a HMXKHE TIOKPUTTS,
o ckaajaeTsces i3 Al203 pmano BenuuuHy TBepaocTi Bif 18,7 mo 22,4 T'Tla. BecraHoBieHO, mo KoHUeHTpauis eneMeHnTiB Hf i Nb
3pocTae 3a IJIMOMHOIO ITOKPUTTS, a KOHLeHTpalis enemeHTiB N i Ti € piBHOMIpHOIO 3a yci€lo TOBIMHOIO TOKPUTTA. KoHLeHTpalis
Si 3MeHUIyeTbCsl 3i 3pOCTaHHSIM TINMOMHU. JoBe#eHO, 10 Ppo3po6seHi i [OCHiIpKeHi 3axUCHI TOKPUTTS MOXYTb 3HAUTU
3aCTOCYBaHHS Jig MiABULIEHHS TPale3faTHOCTI Pi3ajbHOTO iHCTPYMEHTY, SIKMII €KCIUIyaTyeTbCsl B €KCTPEMaJbHHUX yMOBaX

pizaHH4.
Pedepar (aHrI)

The object of study: formation technology of hybrid nanocomposite coatings by means of combined methods. Objective:
creating a technology of surface hardening of structural materials by means of combined methods of processing using plasma
jets. Research method: the use of plasma-detonation and vacuum-arc methods for formation of hybrid nanostructured
protective coatings based on (Ti-Hf-Si)N/ NbN /AI203, (Ti-Zr-Si)N, (Ti-Hf-Si)N and WC-Co systems; studying the properties of
the coatings obtained by the means of X-ray diffraction, electron microscopy, nanoscale hardness measurement, scratch testing
and other methods for analyzing tribological characteristics of the obtained coatings. The report presents the results of the
combined method to form nanocomposite hybrid coatings. The paper combines plasma detonation method of obtaining the
coatings and ion-plasma deposition techniques. The technology for formation heat-resistant multilayer coatings based on (Ti-
Hf-Si)N /NbN /Al203 system has been improved. The characteristics of formation of the obtained coatings, as well as their phase
composition, structure, state of stress, their physical and mechanical properties have been studied. The physical laws for
formation of protective coatings in a combined way have been defined. The evolution of physical, mechanical and tribological
properties of the hybrid coatings has been studied. According to the research results it was found that, depending on the
physical and technological parameters, the hardness of coatings varies from 47.8 to 56.5 GPa, and the elastic modulus takes
values in the range of 435 - 578 GPa. The nanohardness measurements for NbN sublayer has values from 29.4 to 32.3 GPa, and



the lower coating consisting of Al203 gave a value of hardness from 18.7 to 22.4 GPa. It has been found, that the concentration of
the elements Nb and Hf increases with the depth of coating, and the concentration of Ti and N elements is uniform throughout
the thickness of the coating. The concentration of Si decreases with depth. It is shown that the developed and investigated
coating can be applied to improve the performance of cutting tools, working in extreme cutting conditions.
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