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2. Scientific foundations of the formation of the impact-wear-resistant coatings in the «high-manganese steel-
refractory compounds» system by arc hardfacing.

Pedepar:

1. Incepraris Ha 3006yTTsI HAYKOBOTO CTYIEHS JOKTOPA TEXHIYHMX HAyK 3a crenianbHicTio 05.02.01
«Marepiano3HaBCcTBO». — IBaHO-PpaHKiBCbKUI HAlliOHAJIbHUI TeXHIYHUI yHiBepcuTeT HadTH i razy MiHicTepcTsa
ocBiTH i Hayku YKpainy; HauionanbHui yHiBepcuTeT «JIbBiBCbKaA M0JIiTEXHIKa» MiHicTepCcTBa OCBITH 1 HAyKK
Yxpainuy, JIbBiB, 2024. Ilucepraliis NpUCBSYEHA TEOPETUYHOMY Ta €KCIIEPUMEHTATILHOMY PO3PO06JIEHHIO
3HOCOYJIapOTPUBKUX CIIJIaBiB CUCTEMHU «BUCOKOMAPraHIleBa CTajlb — TYTOIJIaBKi CIIOJYKU» MEKax CUCTEM
nerysaHHs Fe-Mn-Nb-Ti-Mo-V-Si-C ta Fe-Mn-Mo-B-C, siki npusHaveHi [71s1 €J1eKTpOAyroBOro HaljlaBjieHHs i3
BMKOPHCTaHHSIM IIOPOLIKOBUX €JIEKTPOJHMAX MaTepiais (y BUIJIAL] CTPIYOK Ta €JIEKTPOIIB 1J1s1 €JIEKTPOLyTOBOrO
MEeXaHi30BaHOTO Ta PyYHOTO HaIlJIaBJIeHHS], BiATIOBiHO). [I/1s1 CIIJIaBiB JaHUX CUCTEM XapaKTepHe I0eNHAHHS

nedopmaliiiHoOro Ta AUCIEPCiiHOro 3MilHeHHS 3aBsKM (OPMYBaHHIO MaTPUYHO-apMOBaHOI CTPYKTYPH, € POJib



MaTpHulli BUKOHY€ MAapraHILeBUii ayCTEHIT, a POJib apMiBHUX (a3 a pOJIb apMiBHUX (pa3 TYTrOIJIABKi CIIOJIYKY i3
Brcokolo (nonap 20 I'Tla) mikpoTBepicTio. [IpoBeieHO TEOPETUYHUI aHali3, B paMKax Teopii QyHKIioHany
€JIEKTPOHHOI I'yCTHHY, [JIs1 ayCTEHTIiHOi Ta TYroIIaBKUX apMiBHUX ¢a3. Lle 103BOJINIIO CTBOPUTH a[IEKBAaTHY MOJIEJIb
ayCTEHITy, BUKOPUCTAHHY $KOi Ja€e IPOrHO3yBaTy TEPMOJVHAMIUHI Ta MEXaHIUHi BJIACTUBOCT] ayCTEHITHUX (a3
pisHoro ckiagy. IlI15X0M BUKOPHCTaHHSI METOJY BipTyaJbHOrO KPUCTAJIIYHOTO HAOVDKEHHS 1181 15-TU KapOigHUX
¢da3 cuctemu Nb-Ti-Mo-V-C i3 crpykrypoto NaCl 6ys10 BCTaHOBJIEHO, 1110 HAl0iIbIll ONITUMAJIbHUM ITO€JHAHHIM
MEXaHIYHUX XapaKTEPUCTHK XapaKTpu3yeTbcs TBepauil po3unH (Nb,Ti,Mo)C 3 eKBiMOJIIPHUM BMiCTOM METajIeBUX
KOMIIOHEHTIB. BU3HaYeHO TepMOIVHAMIYHI Ta MEXaHiYHi BJIACTUBOCTI HEBIIOPANKOBAHUX TBEPLUX PO3YVHIB
Mo2(Fex,Mn1-x)B2 Ta rnokasaHo, 1j0 y BUCOKOMapraHIeBUX CTaJsIX CTabinbHOIO € dpaza Mo2(Fe0.75Mn0.25)B2 i3
MiKkpoTBepgicTio ~24.5 I'Tla. BcTaHOBIEHO HOBI TEPMOAMHAMIUHI IapaMeTpH, Ki BU3HAYAIOTh CTYIiHb PO3YMHHOCTI
Mn y kap6inax NbC, TiC, VC ta MoC (npocroposa rpyna Fm-3m) ta notpiiiHomy 6opuzi Mo2FeB2. Lle 103B0nio
CTBOPUTH 6a3y JaHUX TEPMOJAMHAMIYHUX (yHKLI (Gopmat TDB), sika 1,03BoJIsle IPOTHO3yBATH PiBHOBAXKHU
dazoBuil cKiag CaBiB y cucremax jeryBanss Fe-Mn-Nb-Ti-Mo-V-Si-C ta Fe-Mn-Mo-B-C ta npoBoguTtu
pauioHanbHUI BUOIP iX KOMIIOHEHTHOrO CKjany. EKCiepuMeHTabHO BCTaHOBJIEHO OCOOJINBOCTI GOPMYBaHHS
CTPYKTypH Ta ()a30BOrO CKJIALy HAIJIaBJI€HUX TOKPUTTIB CUCTEM JIETYBAHHS «BUCOKOMAPraHIeBa CTaIbONPOCTUN
Kap6iny» Ta «3asnizonckyianHuii Kap6iny. Ha oCHOBI CIiBCTaBIEeHHSI OTPUMaHUX Pe3yJIbTaTiB, 6yJI0 po3pobJeHO ABa
CKJIaJI 3HOCOYJAPOTPUBKYX CILJIaBiB /1 HamsasneHHs 360I'15M6B6T3C3® ta 70M24I'13P3, npusHayeHux 1j1st
YMOB po00TH, [i€ JOMIHYIOUMM € yAapHe abo abpa3vBHE 3HOLIYBAHHS, BiiNOBiAHO. Pe3ynbTat TPUOOTEXHIYHUX
IOCJIiIKeHb 32 YMOB YIapHO-a6pa3nBHOrO 3HOMYBaHHA cijiaBy 360I'15M6B6T3C3® nokaszany, mo 1oro
3HOCOTPUBKICTb € BHUIIOI0 B ~2.5 pa3u NOPIBHSHO i3 cepiltHum criaBom OK13Mn. 3a pesyiabTaTamu BUIIPOOYBaHb 3a
YMOB TepTs 10 He3aKpiljleHOMY abpa3uBy 3HOCOTPUBKICTb criaBy 70M24T'13P3 e Buiioio B ~1.5 pa3u nopiBHSHO i3
CEpifHNM BUCOKOXPOMUCTUM citaBom EnDOtec DO*332 ta sume Ha 12 % HUKYO0I0 NOPIiBHAHO i3 BOIbPPaMOBUM
craBom EnDOtec DO*611x (cuctema WC-Ni). Po3po6seHi maTepianu y BUTJISi TOPOIIKOBUX CTPIYOK JIs1
€JIEKTPOJIyTOBOTO HaIlJIaBJIEHHS 6yJI0 BUKOPUCTAHO J1JIs BiIHOBJIEHHS Ta 3MIlJHEHHS JIeTajleil PO3MOJIbHOTO,
ripHuyoro, HaTOra3oBOro Ta iH. 06sagHaHHA. Kil040Bi C10Ba: HalJIaBJIEHHS, BUCOKOMapraHlieBa CTajlb, TyTOIJIABKI
CIIOJIyKU, 3HOCOTPUBKICTb, yIapHO-a0bpa3uBHe 3HOLIYBAHHS, HEBIIOPSIKOBaHI TBEPi po34uHY, AedopmalliliHe

3MilIHEHHS, TEPMOJMHAMIYHE MOJIEIIOBAHHSI.

2. Thesis for the Doctor’s degree of Engineering Sciences in the specialty 05.02.01 “Materials Science”. - Ivano-
Frankivsk National Technical University of Oil and Gas of the Ministry of Education and Science of Ukraine; Lviv
Polytechnic National University of the Ministry of Education and Science of Ukraine, Lviv, 2024. The dissertation is
devoted to the theoretical and experimental development of wear-resistant alloys within the «high-manganese
steel-refractory compounds" system within the Fe-Mn-Nb-Ti-Mo-V-Si-C and Fe-Mn-Mo-B-C alloying systems,
intended for arc hardfacing using powder electrode materials (in the form of wires and electrodes for arc
mechanized and manual welding, respectively). These alloy systems are characterized by a combination of
deformation and dispersion strengthening due to the formation of a matrix-reinforced structure, where the matrix
is manganese austenite, and the role of reinforcing phases is played by refractory compounds with high (over 20
GPa) microhardness. A theoretical analysis has been carried out within the framework of the of density functional
theory for austenite and refractory phases. This allowed creating an adequate model of austenite, the use of which
allows predicting the thermodynamic and mechanical properties of austenitic phases of different compositions. By
using the virtual crystal approximation method for 15 carbide phases of the Nb-Ti-Mo-V-C system with a NaCl
structure, it was established that the most optimal combination of mechanical characteristics is characterized by a
solid solution (Nb,Ti,M0)C with equimolar content of metallic components. The thermodynamic and mechanical
properties of disordered solid solutions Mo2(FexMnl1-x)B2 have been determined, and it has been shown that the
stable phase in high-manganese steels is Mo2(Fe 0.75Mn0.25)B2 with a microhardness of ~24.5 GPa. New
thermodynamic parameters have been established, determining the solubility degree of Mn in carbides NbC, TiC,
VC, and MoC (space group Fm-3m) and in the ternary boride Mo2FeB2. This has enabled the creation of a
thermodynamic database (in TDB format), allowing for the prediction of the equilibrium phase composition of
alloys in the Fe-Mn-Nb-Ti-Mo-V-Si-C and Fe-Mn-Mo-B-C alloying systems and rational selection of their element



composition. Experimental investigations have revealed the peculiarities of structure formation and phase
composition of deposited coatings in alloy systems «high-manganese steel - simple carbide" and «iron - complex
carbide.” Based on the comparison of the obtained results, two compositions of wear-resistant alloys have been
developed for the hardfacing namely 360G15M6B6T3C3F and 70M24G13P3, intended for conditions where impact
or abrasive wear predominates, respectively. The results of wear tests under impact-abrasive wear conditions of
the alloy 360G15M6B6T3C3F have shown its wear resistance to be approximately 2.5 times higher compared to the
serial OK13Mn alloy. According to the test results under friction conditions against free abrasive, the wear
resistance of the alloy 70M24G13P3 is approximately 1.5 times higher compared to the standard high-chromium
alloy EnDOtec DO332 and only 12% lower compared to the tungsten alloy EnDOtec DO611x (WC-Ni system). The
developed materials in the form of powder wires for arc hardfacing have been used for the restoration and
strengthening of components in milling, mining, oil and gas, and other equipment. Keywords: hardfacing, high
manganese steel, refractory compounds, wear resistance, impact-abrasive wear, disordered solid solutions,
deformation strengthening, thermodynamic modeling.
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