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1. TocnimKeHHs Ta po3pobKa MaTepiasiB it 3HOCOCTIMKOrO HaIlJlaBJIeHHS! Ha OCHOBI cdepoin30BaHNX IPaHyI
Kap6iniB BosbPppamy

2. Research and development of the technology for thermal centrifugal spraying of refractory materials based on
tungsten carbides WC-W2C, and development of a range of cladding consumables to produce super wear-
resistant composite coatings

Pedepar:

1. lucepTaliis nmpucBsYeHa IOCHIIKEeHHIO i po3po011i MaTepiaiB /1J1s1 3HOCOCTIMKOro HarjlaBJI€HHS Ha OCHOBI
cepoinnzoBaHux rpaHyJ1 Kapo6iziB Boabdpamy. O6IpyHTOBAHO BUGIP CIIOCOOY TEPMOBIIIEHTPOBOrO PO3NNAJIEHHS
TYTOIIJIABKUX MaTePiasliB 3 METOI0 OJlepKaHHs CPePUIHMX YACTUHOK KapOily Bobdpamy OJ1s1 BAKOPUCTAHHS, SIK
apmymouoi (azu pu po3pobLi MaTepiaiB [ij1s 3HOCOCTIKOrO HAIJIaBJIEHHS. 32 JOTIOMOTr0I0 MaTeMaTUYHOTO
MOJ€JIIOBaHHS CII0OCO0Y TEPMOBIJLIEHTPOBOTO PO3NUJIEHHS Kap6ifiB Bosb(pamy oOyA0BaHi BiAIOBinHI
MaTeMaTU4Hi PiBHSIHHS, 1O 3B'S13yI0Tb OCHOBHI IapaMeTpH (TE€IJIOBi XapaKTEPUCTUKU [IKepeJla HarpiBaHHY,
IIBUAKICTb 06EPTAHHS) i3 NPOAYKTUBHICTIO pouecy (VIon,.) i po3amipoM rpanyii, mo yreopiooTscs (d). B pesysbrati

PO3p06JIEHO MEXaHi3M KepyBaHHSI IPaHYyJIOMETPUYHUM CKJIaIoM cPepoinn30BaHUX rpaHyJl KapoiniB Bojibdpamy



WC - W2C. TIIpoBefeHO JoCigKeHH BIUIMBY AKOCTI 3/IMBKiB 11711 PO3MNMJIEHHA HA CTPYKTYPY, BJIaCTUBOCTI 1
CTEeXiOMETPUYHUI CKJIaJ, OTPUMaHuX cPEepUYHUX YaCTUHOK KapbiziB Boabdpamy. BctaHoBIEHO, 110 Npu
IIOBTOPHOMY I€peIiaBi BUKOPHUCTaHHS 3/IMBKiB, OTPMMaHUX B IHAYKIIMHUX T€4ax, LO3BOJISIE OJlepKyBaTH c(pepuyHi
YaCTHMHKY 3 HAMBUIIMMU [IOKa3HUMKAMU MIKPOTBEPAOCTI Ta XIMIYHOTO CKJany. 3 OISy Ha TEOPETUYHI Ta
€KCIIepUMEHTaJIbHi JjaHi PO3p06JIEHO TEXHOJIOTIIO 1J1a3MOBOI YT TEPMOBIALIEHTPOBOTO PO3NUJIEHHS TYTOIIAaBKUX
MarepiaiiB 3 BUKOPUCTAHHSIM SIK JIKepeJia HarpiBaHHS, CTBOPEHO IIPOMHUCIIOBE YCTaTKYBaHHS. Briepiie foCiiKeHo
MOp(OMETPUYHI XapaKTepUCTUKU cPepoinn30BaHUX rpaHy Kap6inis Bosbppamy WC - W2C, y pe3ysbTaTi IKUX
BCTaHOBJIEHO, 1110 BCi IOPOIIKY MAIOTh IyKe CTabisibHi i1 OBHOPigHI TOKa3HMKY 32 POPMOIO YaCTUHOK. Po3pobiaeHo
HaIlJIaBHI MaTepianu 11 HaHeCEeHHs 3HOCOCTIMKUX KOMIIO3ULIHHUX [TOKPUTTIB Ha OCHOBI cpepoinn30BaHUX IPpaHyJl

Kap6iniB Bosbppamy pPi3HUMU CIIOCOOAMMU.

2. The thesis is dedicated to research and development of the technology for production of spheroidized granules
of tungsten carbides and consumables on their base to deposit wear-resistant composite coatings. The choice of
thermal centrifugal spraying of refractory materials using the plasma arc as a heat source was substantiated.
Mathematical modeling of the method of thermal centrifugal spraying of tungsten carbides was used to derive
appropriate mathematic equations, relating the main process parameters (thermal characteristics of the heat
source and rotation speed) to the process productivity (Vfeed) and size of the resulting granules (d). The
mechanism of control of size composition of the spheroidized granules of tungsten carbides WC-W2C was
developed. The formula for calculation of the speed of rotation of a spindle assembly of the machine was derived to
provide the required size composition of the spherical particles. The effect of the quality of spraying ingots on
structure, properties and stoichiometric composition of the produced spherical tungsten carbide particles was
investigated. It was determined that the use of ingots produced in induction furnaces by remelting provided
spherical particles with a minimal deviation from the eutectic composition and with an increased consistency of
microhardness and chemical composition values. It was found out by comparing the spheroidized tungsten
carbide granules with analogues of the known foreign companies that the particles produced by thermal
centrifugal spraying are explicitly advantageous in such characteristics as microhardness and homogeneity of
chemical and phase compositions. The effect of the quality of the spraying ingots on structure, properties and
phase composition of the spherical granules was investigated by X-ray diffraction, metallography, X-ray
microanalysis and energy-dispersive spectral analysis methods. The technology for thermal centrifugal spraying of
refractory materials by using the plasma arc as a heat source was developed, and the commercial equipment was
built on the basis of theoretical data and experimental proof of the results obtained. The first-ever investigations
of morphometric characteristics of the spheroidized granules of tungsten carbides WC-W2C were carried out. The
investigations showed that all the powders tested were characterized by a highly consistent and uniform shape of
their particles. The cladding consumables were developed to deposit wear-resistant composite coatings based on
the spheroidized tungsten carbide granules by different methods. Key words: thermal centrifugal spraying of
tungsten carbide ingots, spheroidized granules, morphometric characteristics of powders, cladding consumables,
wear-resistant composite coatings.
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