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1. ®i3uKO-TEXHOJIOrIYHI 3acay CTBOPEHHS KOMITO3ULIHUX MaTepiaziB cucteMu "cras Ha ocHOBI Ni(Fe)-MeB2"

IJ1s1 IOKPUTTIB 3 BUCOKUM PiBHEM 3HOCOCTIMKOCTI

2. Physical-technological fundamentals of the creation of "Ni(Fe)-based alloy - MeB2" composite materials for
coatings with high wear-resistance

Pedepar:

1. Incepraliito prUCBsIY€HO BUPIIIEHHIO BasKJIMBOI HAYKOBO-TEXHIYHOI Tpo6eMH MiiBUILEHHS 3HOCOCTINKOCTI
IIOKPUTTIB B YMOBAax TEPTsI KOB3aHHSI Ta abpa3suBHOT0 3HOIIYBAaHHS IJISIXOM PO3PO0OKM Ta anpoballii HOBUX MiAXO[iB
IO CTBOPEHHS KOMIIO3MLINHNX MaTepiasiB cucrteMu «ciias Ha ocHOBI Ni(Fe) - MeB2» 3 KepoBaHMM CTPYKTYypHO-
$hazoBuM ckianoMm. [I71s1 OTprMaHHs KOMIIO3ULIHUX TOPOLKOBUX MaTepianis cucrem TiB2-(Fe-Mo) Ta
NiFeCrBSiC-MeB2 npononyeTbcs MeTOJ, pifkodaszHOro crikaHHs CIIPeCOBAaHUX 3arOTOBOK B BaKyyMi 3 IIOJaJIbIIUM
nopiOHEHHM Ta Kiacudikarieto. [Ipyu TakoMy criocobi OTpMMaHHs OPOILKIB IIPoLiecH MibK(aszHoi B3aeMOoIii MixX
CIIJIaBOM Ta TYTOIJIABKOIO CIIOJIYKOIO BU3HAYAIOTh CTPYKTYPY i BAACTUBOCTI MOKPUTTIB. TOMy BU6ip ONTMMAIbHOTO

CKJIaJly KOMIIO3ULiHUX MaTepiaiB cuctem TiB2-(Fe-Mo) ta NiFeCrBSiC-MeB2 3ziiicHEHO IIJISIXOM BUBYEHHS



3aKOHOMIpHOCTEM 3MOYyBaHHS Ta MibK(a3HOi B3aeMOZii MiXK TyronsaBKUMU CIIOJIYKaMU Ta METAJIEBUM CIIJIaBOM. B
npoueci pinkodasHoro crikaHHs KoMIIo3uLiiiHux matepianis TiB2-(Fe-13mac.%Mo) BinOyBaeTbCs XiMiuHa
B3a€MO/Iisl 3 YTBOPEHHM in-situ cknagHux 6opuzis Mo2FeB2. 3a paxyHOK BUCOKOI TBepaocCTi (22-24 I'Tla) 6opunu
Mo2FeB2 e(eKTHBHO NiIBULIYIOTb 3HOCOCTIMKICTb FA30TEPMIUYHUX Ta €JIEKTPOICKPOBUX IIOKPUTTIB B YMOBaX
abpa3MBHOrO 3HOUIYBAHHS Ta TEPTS KOB3aHHS. 3a paXyHOK ONTUMAaJIbHOTO CIiBBiIHOMEHHS 3MillHIOIOUMX YaCTUHOK
6opuzis (TiB2 Ta Mo2FeB2) Ta MeTasieBoi MaTpUlli N71a3MOBi Ta Ie€TOHALMHI [IOKPUTTS 3 PO3POOJIEHOTrO
KomnosuuiiHoro marepiany TiB2-40mac.%(Fe-13mac.%Mo) xapakTepusyloThCsl 3HOCOCTIHKICTIO BUIIOO 3
IIOKPUTTS 3 CTaHAAPTHOTO TBEPZOro cIlaBy BK-6. 3a pe3ysbraramy BUBUEHHS 3MOYyBaHHS Ta KOHTAKTHOI
B3aeMozii st 3MintHeHHsI cepiiiHux camoduiociBHux crais NiCrBSiC (III'-CP3) ta FeNiCrBSiC (I1I'-7K14) o6pano
no6asku TiB2 ta CrB2. BcraHOBJI€HO 110 B pe3y/bTaTi XiMiuHOI B3aeMofii py pifkodazHoMy CIiKaHHI B cucTemMax
NiFeCrBSiC-MeB2 BifnoyBaeTbCsl yTBOPEHHS in-situ ckaHUX 60PUIB Ta KAPOOPHUIIB XPOMY, SIKi 32 PaXyHOK
BUCOKOi TBeprocTi (20-24 I'Tla) 3MiLJHIOIOTb CTPYKTYPY IOKPUTTIB. 3aIIPOIIOHOBAHI B pOOOTI TEXHOJIOTIYHI PillleHHS
IAIOTh MOKJIMBICTb KEPYBAaTH CTPYKTYPHO-(a30BUM CKJIAJJOM KOMIIO3ULIHHMX MaTepiajliB Ta ra30TepMiuyHUX
nokputTiB cucteM NiFeCrBSiC-MeB2, a came KinbKiCTIO Ta po3MipoM YTBOPEHUX in-situ 60pHUIHUX Ta
Kap6o6opunHux ¢a3. B ymoBax TepTsi KOB3aHHS NIpU MifBUIIeHUX TemnepaTypax (200-400 °C) pozpobieHi
nokputts cucreM NiFeCrBSiC-MeB2 xapakTepu3yoThCsl 3HOCOCTINKICTIO B 2-3 pa3u BUILOKO NOPiBHSHO 3
cepittnumu nokputtamu [1I'-CP3, TII'-)K14 ta TIC-12HBK-01. Po3po6sieHi ra3oTepmiuHi Ta e1eKTpOiCKpOBi TOKPUTTSI

IIPOMILIM BUIPOOYBAHHS HAa IPOMUCJIOBUX MiJMIPUEMCTBAaX YKpaiHu.

2. The thesis deals with the solution of important scientific and technical problem of increasing the coatings wear
resistance by the development and testing of new approaches to the creation of "Ni(Fe)-based alloy MeB2"
composite materials with controlled structural-phase composition. The method of liquid-phase sintering in a
vacuum environment, followed by grinding and classification, is proposed for obtaining the composite powder
materials of TiB2-(Fe-Mo) and NiFeCrBSiC - MeB2 systems. The processes of interfacial interaction between the
alloy and the refractory compound during sintering define the coatings structure and properties. Therefore, the
composite materials composition was determined by studying the wetting behaviour and interfacial interaction
between the refractory compounds and the metal alloys. The chemical interaction during the TiB2-(Fe-13wt.%Mo)
composite materials sintering leads to the in-situ formation of Mo2FeB2 borides. Due to the high hardness (22-24
GPa) the Mo2FeB2 borides effectively increase the wear resistance of gas-thermal and electro-spark coatings
under the conditions of abrasive wear and sliding friction. Due to the optimum ratio of boride reinforcements
(TiB2 and Mo2FeB2 particles) and metal matrix, the developed TiB2-40wt.%(Fe-13wt.% Mo) plasma and detonation
coatings are characterized by higher wear resistance than that of the WC-6%Co coatings. According to the results
of wetting behaviour investigation, the TiB2 and CrB2 additives were selected to reinforce the NiCrBSiC (I1I'-CP3)
and FeNiCrBSiC (TII'-)K14) self-fluxing alloys. The chemical interaction in NiFeCrBSiC - MeB2 systems results in the
in-situ formation of chromium borides and carbides, which due to high level of hardness (20-24 GPa) reinforce
additionally the coatings structure. The technological solutions, proposed in the term of thesis, make it possible to
control the structural-phase composition of composite materials and thermal-sprayed coatings of NiFeCrBSiC-
MeB2 systems, namely the amount and size of in-situ formed chromium boride and carboboride phases. Under the
conditions of sliding friction at high temperatures (200-400 °C), the developed thermal-sprayed coatings
NiFeCrBSiC-MeB2 have wear resistance by 2-3 times higher than that of commercial coatings FeNiCrBSiC (I1T'-
CP3, III'-K14) and NiCrBSiC-35%wt.WC (TIC-12HBK-01). The developed thermal-sprayed and electrospark coatings
were tested at industrial enterprises of Ukraine.
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