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V. BizomocTi npo gucepraniio
MoBga guceprariii:
Koau TemaTuyHUX pyopHK: 81.09.03

Tema gucepranii:
1. Po3p0o6s1eHHS OCHOB TEXHOJIOTiH (POpMyBaHHS KApOOHITPUAHUX Ta KAPOOOKCUAHUX TEPMOAUQY3iTHUX ITIOKPUTTIB

Ha TUTAaHOBHUX CI1JIaBaX

2. Development of fundamentals of technologies of carbonitride and carbooxide diffusion coatings formation on
titanium alloys

Pedepar:

1. TIpoMUCJIOBi TUTAHOBI CIJIaBU Pi3HUX CTPYKTYPHUX KJIACIB 3 TEPMOAUY3iIHMMY KapOOHITPUIHMMU Ta
KapOOOKCUAHUMU MOKPUTTAMU. PO3p0o6UTH (Pi3nKO-XiMiuHi OCHOBU (POPMYBAHHS TOTPIiHUX CIIOJIYK BTiJIEHHS
(kapOoHiTpUIiB, KAPOOOKCUIIB TUTAHY) IPU TepMOIuPy3iflHOMY HACUU€HHI TUTAHOBUX CILJIaBiB y BYIJIel[b-a30T-
KUCHEBMiCHUX CEPEJIOBUILAX Ta OOI'PYHTYBAaTH TEXHOJIOTIUHI Nifxoau mon0 GopMyBaHHS KapOOHITPUAHUX Ta
KapOOOKCUIHMX IOKPUTTIB PErJIAMEHTOBAHOTO CKJIANy i MOP(OJIOrii 3 MiBUILIEHUM PiBHEM 3HOCO- i KOPO3iliHO]
TPUBKOCTi. METOMIOJIOTiYHOI0 OCHOBOIO POOOTH € ONTUYHA i €JIEKTPOHHA MiKPOCKOTIisT; mopomeTpist; mpodinorpadis;
peHTreHiBcbKuil HazoBUl i MiKPOPEHTI€HOCIIEKTPaJIbHUM aHai3u, TPUOOTEXHIYHI TOCTiIKeHHSs; MeXaHiuHi
BUIIPOOYBaHHS, KOPO3iliHi HOCiI>)KeHHs. BCcTaHOBIEHO ra3oMHaMivyHi iHTepBany (pOpMyBaHHS KAPOOOKCUIIB Ta
KapOOHITpUIiB TUTanHy npu TepmoaudysiiiHomy HacudeHHi. [TokazaHo, mo 3a 6€3KOHTAKTHOTO KapOOHITPYBaHHS Ta

KapOOOKCHAyBaHHS TUTAHOBUX CILIaBiB 3a Temmepatyp 800...8500C B3aemois TUTaHY 3 ByIJIelleM BiiOyBa€eThCs



yepes ra3oBy (aay, e pojib TPaHCIIOPTHOTO areHTy Biflirpae MOHOOKCHU], ByIJIelo. [TokasaHo, mo popMyBaHHS
KapbOOOKCUIHUX Ta KApOOHITPUIHUX CIIOJIYK BilOyBaeThCs depe3 popMyBaHHS GiHApHUX CIIOJNYK (HITpUmiB,
KapOiliB) HECTEXIOMETPUYHOTO CKJIaAy Ta iX rojasnbiny TpaHcOopMallilo y IOTPiiHI CIIOYKM BHACILOK B3aeMOJ 3
aKTVBHMMU KOMITIOHEHTaMH (ByIJIELIEM, a30TOM, KUCHEM) cepenioBuia. [TokazaHo, 0 3HOCOTPUBKICTb IIOKPUTTIB Ha
OCHOBi KapOOHITPUIiB Ta KAPOOOKCUIIB TUTAHY, BUIIA y IOPiBHIHHI 3 IOKPUTTSIMU HA OCHOBI HITPUiB, OKCUTIB.
[TokasaHo, 1110 ONTUMAJIBHUM KOMILIJIEKCOM aHTMKOPO3ilHUX BJIACTUBOCTEN BOJIOAIIOTh TOKPUTTS HA OCHOBI
KapOOHITPHUiB Ta KAPOOOKCUIIB €KBIaTOMHOTI'O CKJIaZly, @ Y KOHLIEHTPOBAaHUX BOJHUX PO3YMHAX HEOPTaHIYHUX
KUCJIOT TaKi IOKPUTTS 3a0€3I1e4yI0Th BUILli 3aXUCHI BIaCTUBOCTI, Hi’K IIOKPUTTS Ha OCHOBi OiHAPHUX CIIOJIYK.
Kap6oHiTpuHi Ta Kap60OKCUIHI MOKPUTTS, CHOPMOBaHi Ha TUTaHOBUX crtaBax BT6, T110, BT22, npoinuimu
arnpo6atito Ha creHgax AHTK "AHTOHOB". Pe3ysibTaT NOCiI)KeHb BUKOPUCTOBYIOTHCS IIPU XiMIKO-TEPMIUHIi

00po611i geTanel maci jgitakis AH.

2. Commercial titanium alloys of various grades with diffusion carbonitride and carbooxide layers were considered.
The purpose was to develop the physical and chemical fundamentals of forming of ternary compounds (titanium
carbonitrides and carbooxides) during thermodiffusion processing of titanium alloys in carbon-nitrogen-oxygen-
containing media and to substantiate the technological approaches to formation of carbonitride and carbooxide
coatings of regulated composition and morphology with increased level of wear- and corrosion resistance .
Experimental examination included: optical and SEM analysis; microhardness measurement, roughness
measurement; X-ray and EPMA analysis, tribological tests; mechanical tests corrosion examinations. The ranges of
gas-dynamic parameters for the formation of ternary compounds at thermodiffusion processing have been found.
It was shown that during noncontact carbonitriding and carbooxidizing of titanium alloys at 800...8500C an
interaction of titanium with carbon takes place through gaseous carbon monoxide. It was proved that formation of
carbooxide and carbonitride compounds takes place through formation of binary compounds (nitrides and
carbides) of nonstoichiometrical composition and their further transformation in ternary compounds due to the
interaction with active components (carbon, nitrogen, oxygen) of medium. It was shown that wear resistance of
ternary compounds is higher than those for binary compounds. It was revealed that coatings based on ternary
compounds of equiatomic composition reveal the best anticorrosion properties and in concentrated aqueous
solutions of inorganic acids such coatings provide better resistance as compared to binary compounds.
Carbonitride and carbooxide coatings formed on VT6, T110 and VT22 alloys were tested on airspace bureau
"Antonov". The results of investigation have been using during chemical-heat treatment of parts of undercarriage
of planes AN.
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