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Pedepar:

1. PoboTa npucssiueHa BUpIlIeHHIO HAyKOBO-TEXHIYHOI Tpo0JieMHU MiJiBUILIEHHS] 3HOCO- Ta KOPO3iliHOi CTillKOCTi
ra3oTepMiuyHUX TOKPUTTIB B YMOBaxX TEPTSI-KOB3aHHs 6€3 MacTua B IIMPOKOMY Aiana3oHi Temnepatyp (20-8000) Ta
arpecuBHOI [Iii BOOGHUX CE€PENOBUL MIJIIXOM PO3POOKY HOBMX KOMIIO3ULIMHUX MaTepialiB Ha OCHOBI iHTEpMeTaJlifiB
NiAl ta NiTi 3 no6aBkamMu TYTroOIJIaBKUX CIOJIYK 3 KEPOBAaHUM CTPYKTYPHO-(PA30BUM CKJIAZIOM Ta KOMIIJIEKCOM
eKCIulyaTaliliHuX BiacTuBOCTeN. PO3p06ieHO TEXHOJIOTUHI NapaMeTpy OTPUMaHHS KOMIIO3UIIHHNX TOPOLIKOBUX
marepiasniB NiAl-MeB2 3a pisHUMHU TEXHOJIOTISIMU JJ1s1 HAHECEHHSI Ta30TePMiYHMX ITOKPUTTIB Ta BCTAHOBJIEHO, 11O
METOJU CITIKaHHS y BaKyyMi Ta rapsi40ro NpecyBaHHsI € Halbibll NePCIEeKTUBHYUMU B ITOPiBHSHHI 3

KOHIJIOMEPYBaHHSIM Ha OPraHiuHif 38’31 3aBSIKA TOMY, 1110 O3BOJISIIOTh OTPUMATH HEOOXiAHY KiIbKIiCTb



TYTOIJIABKUX BKJIIOUEHD Y TIOKPUTTI, 3a1106iraloyy cerperaii 4aCTMHOK B IIPOLeCi HanuieHHs. JJoCiIKeHHs
MeXaHi3MiB BUCOKOTEMIIEPATyPHOI0 OKUCHEHHS po3pobieHnx Komnosutis cuctem NiAl-Ti(Cr, Zr)B2 no3sonunu
BCTAaHOBUTH, 10 BCi MaTepiain OKUCHIOIOTLCS CEJIEKTUBHO. [Ipy IbOMY TOBIIMHA OKCHUiB HA BKJIIOYEHHSX
060puIHUX 3€peH y 3-7 pasiB IepeBully€e TOBMIVHY OKCUAHOI IJIiIBKY Ha MaTPHULi B 3aJIEXKHOCTI Bif CKJIaLy
marepiany. Take cesleKTUBHE OKMCHEHHS KOMIIO3UTIB CYTTEBO BIJIMBA€E HA 3HOCOCTIHKICTb PO3PO06IEHNUX MaTepiaiB
IIPY BUCOKOTEMIIepaTypHUX TPUOOBUIIPOOYBAHHSIX, a/i)Ke€ YTBOPEHI OKCUIY BUKOHYIOTb POJIb TBEPIOTrO MacTUa.
JocnipxeHHs “Scratch tests” BuxigHoro inTepmeraniny Ta po3pobaeHnx KoMnosuTtis cucremu NiAl-MeB2, mo
MOJIEJIIOIOTh [TPOLIECH a0pa3uBHOTO 3HOLIYBAHHSI, TI0Ka3aJlH, 110, 3aBASKU JUCIEPCHOMY 3MillHEHHIO 60pUIaMu
iHTepMeTaniny, pu ApsIaHHi He BinOyBaeThCsl PyHHYBaHHS MollepefHbO CPOPMOBAHOI OKCUIHO] IIJIIBKY, SK Ha
O6opupHuX 3epHax, Tak i Ha matpuui NiAl. Ha BinMiHy Bif, 1boro, 515 BuxigHoro NiAl xapakTepHUM € BifilllapyBaHHS
c(pOpMOBAHOrO Ha IOBEPXHI OKCUAY AJIIOMIHIIO B ITpoLeci BUIpobyBaHb. [IpoBeeHi JOCTiIKEeHHS pO3p0o0JIeHUX
KOMIO3ULiITHUX MaTepiaiB Ha OCHOBI iHTepMeTasiny NiAl Ha TepMoepo3iliHy CTilKiCTb 4O3BOJIMIM BCTAHOBUTH, 110
HasIBHICTb OOPUIHUX 3€PEH IepelIKOoIKae BBeJeHHIO abpasuBy B MaTepiasl IpU iX 3iTKHEHHi 3 I0BEpXHEI0
KOMIIO3UTY, IIPY LIbOMY BEJIMUMHA 3HOCY PO3p00JIeHUX MaTepiaiiB y 1,5-2 pa3a MeHIIa B IOPiBHSIHHI 31 3pa3kamu 3i
craii 12X18H10T ta muBapHUM XapomilHuM HikeseBuM crtaBoM JKC 26. 3a pesysibTaTaMy KOMIIIEKCHUX
TpUOOTEXHIYHUX BUIIPOOYBaHb BCTAHOBJIEHO MEXaHi3M 3HOIIYBAHHS PO3PO0IEHUX KOMITO3ULIIMHUX ra30TePMIiYHUX
IIOKPUTTIB, SIKWI1 [TOJISITa€ B TOMY, 10 006aBKU Ii6OPUIiB TUTAHy, XPOMY i HUPKOHiI0 B iHTepmeTaniz NiAl 3 onHoro
OOKy CIIpUSIOTh (POPMYBAHHIO OKCHUJiB Ha IOBEPXHAIX O0OPUIIB, IKi BUKOHYIOTb POJIb TBEPJOr0 MACTUIIA, @ 3 IHIIOTO
OOKY — MiJBUILYIOTh MIlJHICTb IIOKPUTTS 32 PaXyHOK 3HIDKEHHS IVIACTUYHUX Aedopmaliiil. Takox BCTaHOBIJIEHO, M0
3MillHEHHS BUXiIHOTO iHTepMmeTasiny Tyromnaskumu 3epHamu Cr (Ti, Zr)B2 npyuBoguTh 10 CYyTTEBOTO MiJBUIIEHHS
3HOCOCTIMKOCTi Ta30TepMiYHMX IIOKPUTTIB (Maii>ke B 2 pa3u B [IOPiBHSHHI i3 BuxigHUM NiAl) B yMoBax
BHCOKOTEMIIEPATYPHOTr'O TE€PTsI-3HOLIYBAHHS 3aBJSIKM 3MiHi MEXaHi3My 3HOLIYBAHHS 3 ar€3iliHOr0 Ha OKUCHUM.
JocnimxkeHHs ocobnnBocTel pazoyTBopeHHs B cuctemMax NiAl(NiTi)-MeB2 nokasanu, 10 rpy 3MO4YyBaHHI Ta [IpU
otpumanHi komno3utis cuctem NiTi-CrB2 ta NiTi-ZrB2 BHac/l1ioK iHTEHCUBHOI XiMiYHOI B3aeMO[Iii MiXK BUXiZHUMU
KOMIIOHEHTaMU YTBOPIOETLCS ofaTKoBa 6opunHa ¢pasza TiB2, a Takoxk matpulg nepersoproetses Ha Ni3Ti, sika e
611 KOPO3iMHOCTIMKOK B MOPIBHSIHHI i3 BUXigHUM iHTepmeTanigom NiTi. 3a pe3ysbraTamu 3MOYyBaHHS
PO3p0o6JIeHO KOMIIO3ULIMHNY MaTepias Ha ocHoBi cuctemu NiTi-CrB2 niis 3axucty petasei rifpoeHepreTuyHoro
06J1afHaHHS Bifl €pO3iiHO-KOPO3iliHOTO 3HOIIYBAaHHS Y arPECUBHUX BOJHUX cepenoBuilax. [I[poBeeHi KOMIIJIEKCHI
€KCIIEPMMEHTAJIbHI JOCIIPKEHHS OKa3aly, 0 PO3POOJIEHUI KOMIIO3UT NPAKTUYHO HE KOPOY€ IIPU TPUBAJIIN
BUTPHUMILIi Y MOPCBKii1 Bozi Ta Mae B 1,3 pa3u BUILy KaBiTaliliHy CTIiMKIiCTb i B 1,7 pa3u Bullly rinpoabpasnBHY CTiKiCTb
B IIOPIBHSHHI 31 CTassIMY, 1110 BUKOPUCTOBYIOTHCS HA JaHUI yac. Po3pobsieHi KoMNo3ulliliHi NOPOIKOBi MaTepianu
NiAl/ NiTi - CrB2(TiB2, ZrB2) Mmo>XyTb 6yTH PEKOMEH/I0BaHI [J151 HAHECEHHSI ra30TePMiYHMX IIOKPUTTIB [JIs1 3aXUCTY
IeTasiei, o MpaliooTh B yMOBaxX MEXaHIYHOr0, abpa3rnBHOTrO, KaBiTallilHOT0, BTOMJIIOBAJIbHOTO TOIO BUAX
3HoUIyBaHHS. Kitouosi cioBa: iHTepmeTaninu NiAl Ta NiTi, Tyronsaeka criosyka, Au060puAH, 3aKOHOMiIPHOCTI
3MOYYBaHHS, KOHTAKTHA B3a€MO/is, AUCIIEPCHE 3MilJTHEHHS, Tapsiye IPeCcyBaHHsl, pinkodasHe crikaHHs, KOMIIO3UT,
KOMIIO3ULIiIIHNI [TOPOLIKOBUIM MaTepiajl, BACOKOTEMIIEPATYPHE OKMCHEHHS, [1JIa3MOBI Ta AETOHALIMHI TOKPUTTS,
3HOCOCTIHKICTh, BUCOKOTEMIIEpaTypHi TPUOOBUIIPOOYBAHHSI, TEPMOEPO3iliHa CTIiMKiCTh, KaBiTallis, rifpoabpasnuBHUI

3HOC, €JIEKTPOXiMiuHi BUIIPOOYBaHHSI, arpeCUBHi BOJHI cepeoBUILA.

2. The work is devoted to the solution of the scientific and technical problem of increasing the wear and corrosion
resistance of gas-thermal coatings in the conditions of sliding friction without lubricant in a wide temperature
range (20-800n) and the aggressive action of water environments by developing new composite materials based on
NiAl and NiTi intermetallics with refractory additives compounds, with a controlled structural-phase composition
and set of operational properties. The technological parameters of obtaining NiAl-MeB2 composite powder
materials using various technologies for applying gas-thermal coatings were developed and it was established that
the methods of sintering in a vacuum and hot pressing are the most promising in comparison with conglomeration
on an organic binder due to the fact that they allow obtaining the required amount of refractory inclusions in the
coating, preventing the segregation of particles during coatings spraying. Research into the mechanisms of high-
temperature oxidation of the developed NiAl-Ti(Cr, Zr)B2 system composites made it possible to establish that all



materials are selectively oxidized. At the same time, the thickness of oxides on boride grains is 3-7 times greater
than the thickness of the oxide film on the matrix, depending on the composition of the material. Such selective
oxidation of composites significantly affects the wear resistance of the developed materials during high-
temperature tribotests, because the formed oxides act as a solid lubricant. Studies of ,Scratch tests” of the original
intermetallic and the developed composites of the NiAl-MeB2 system, simulating the processes of abrasive wear,
showed that, due to the dispersed strengthening of the intermetallic by borides, during scratching, the pre-formed
oxide film is not destroyed, both on the boride grains and on the matrix NiAl In contrast, the original NiAl is
characterized by peeling of the aluminum oxide formed on the surface during the tests. Conducted research on
thermal-erosion resistance of developed composite materials based on NiAl intermetallic made it possible to
establish that the presence of boride grains prevents the introduction of abrasive into the material when they
collide with the surface of the composite, while the amount of wear of the developed materials is 1.5-2 times less
compared to samples with stainless steel and cast heat-resistant nickel alloy. Based on the results of complex
tribotechnical tests, the mechanism of wear of the developed composite gas-thermal coatings was established,
which consists in the fact that the addition of titanium, chromium and zirconium diborides to the NiAl
intermetallic, on the one hand, contributes to the formation of oxides on the surfaces of the borides, which act as a
solid lubricant, and on the other hand, increase the strength of the coating by reducing plastic deformations. It
was also established that the strengthening of the original intermetallic with refractory Cr (Ti, Zr)B2 grains leads to
a significant increase in the wear resistance of gas-thermal coatings (almost 2 times compared to the original NiAl)
under high-temperature friction-wear conditions due to a change in the wear mechanism from adhesive to
oxidative. Studies of the features of phase formation in the NiAl(NiTi)-MeB2 systems showed that during wetting
and when obtaining composites of the NiTi-CrB2 and NiTi-ZrB2 systems, due to the intensive chemical interaction
between the initial components, an additional TiB2 boride phase is formed, and the matrix is transformed into
Ni3Ti, which is more corrosion-resistant compared to the original NiTi intermetallic. Based on the results of
wetting, a composite material based on the NiTi-CrB2 system was developed to protect hydropower equipment
parts from erosive and corrosive wear in aggressive water environments. Experimental studies have shown that
the developed composite practically does not corrode when exposed to seawater for a long time and has 1.3 times
higher cavitation resistance and 1.7 times higher hydroabrasive resistance compared to steels currently used. The
developed NiAl /NiTi - CrB2(TiB2, ZrB2) composite powder materials can be recommended for applying gas-
thermal coatings to protect parts operating under conditions of mechanical, abrasive, cavitation, fatigue, etc. types
of wear. Key words: NiAl and NiTi intermetallics, refractory compound, diborides, wetting patterns, contact
interaction, dispersion strengthening, hot pressing, liquid phase sintering, composite, composite powder material,
high-temperature oxidation, plasma and detonation coatings, wear resistance, high-temperature tribological tests,
thermal-erosion resistance, cavitation, hydroabrasive wear, electrochemical tests, aggressive water environments.
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