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TEeXHIYHUX HayK 3a crenjanbHicTio 05.16.04 «JluBapHe BUPOOHULTBO». Di3NKO-TEXHOJIOTIYHUM IHCTUTYT MeTaJliB Ta
crnaBiB HAH Ykpainu, KuiB, 2025. [lucepTariis nprucBsdeHa 3MillHEHHIO ajlloMiHi€eBO-MarHieBux Ta
AJIIOMiHIEBOMIIHUX Ta aJIIOMiHiI€EBO-KPEMHI€BUX JINBAPHUX CIUIABIB HIUPKOHIEM BBEIEHUM i3 TeTpadTopumy
LJUPKOHIIO Ta NiOKCUAY LIMPKOHIIO, SIKi € IPOMDKHMMU MIPOSYKTAMU OTPMMAaHHS METAJIiYHOrO IMPKOHIIO i
BHUKOPHUCTAHHSI SIKUX J03BOJIsIE I030YTUCSI HEOOXiTHOCTI OTPUMAHHS aJllOMiHieBO-LIMPKOHi€BOi siratypu. O6'eKToM

JOCJIIPKEHHS € SIBUIIE 3MIHU CTPYKTYPU Ta BJIACTUBOCTEN aIIOMiHi€eBOMarHieBux, aJlOMiHieBO-MiHUX Ta



aJIIOMiHi€BO-KPEMHI€BUX JINBAPHUX CIUIABIB Mif] BIVINBOM (PJIIOCIB, 1II0 MiCTITh B CO0i CIIOJIYKU LIMPKOHIIO.
Po3ryisiHyTO eKcrieprMeHTasIbHe [OCiIKeHHSs IIepexoy UPKOHIIo 3 TioKCcuay LMPKOHio abo TeTpadTopumy
LIMPKOHIIO B aJIIOMiHi€Bi CIJIaBU i3 KOMILJIEKCHOTO ¢Jitocy. [TpoBeieHO NOCiIPKeHHST MeXaHiYHMX XapaKTepUCTUK
JIATUX 3Pa3KiB OTPUMAaHMX i3 a/IIOMiHi€BUX CIUIABIB 3 HIUPKOHIEM, BBE,EHUM i3 IOr0 HioKcuy abo TeTpadTOpuLy B
JINTOMY Ta TEPMi4HO 06pO6IEHOMY CTaHi. BusHaueHo, mo peakuis Mix ZrO2 i pizkum Al TepMorHAMIYHO
MOJKJIMBA, ajl€ B PeaJIbHUX YMOBAX IIPOLIECIB IJIaBJIEHHS i JIMTTS aJIOMiHI€BUX CIIJIaBiB BBE€JEHHS YUCTOro ZrO2
HEMOJKJIMBO Yepe3 MillHY IIJIiBKYy OKCHIY ajllOMiHil0 Ha NoBepXHi MeTany. Peakuis Mk ZrF4 i pinkum Al
TEPMOJIMHAMIYHO MOXJIMBA, ajle IIPOTiKae MOBIbHO. Y POGOTi BCTAHOBJIEHO, 110 KOMIIOHEHTAMH, SIKi I03BOJISIIOTh
BiZJHOBJIIOBATU LUMPKOHIH i3 ZrO2 i ZrF4 Ta HacnyyBaTn HUM pigkuii amominin € LiF, NaF, KF. Ha ocHOBi npoBeeHHS
KOMILJIEKCY JOCJIiJpKEHb BCTAaHOBJIEHO, 1110 LIMPKOHIN BiTHOBJIIOETHCS i3 OKCUAY i GTOpUAY LIMPKOHIIO alloMiHieM Ta
marhieM. I1in6ip cknagy ¢ociB HEOOXiZHO POOUTH i3 TAKMM CHiBBiIHOLIEHHSIM KOMIIOHEHTIB, sike 6 3a6e311e4yBajlo
6 yTBOpeHHs1 (pTOPLMPKOHATIB KaJlilo, JIiTiio abo Hatpito. ITicyis BifHOBIEHHS, TPU BMICTi LMPKOHIIO y aloMiHieBOMY
PO3I11aBi 6iNbIIOMY 32 MEXY 10r0 PO3UMHHOCTI IIPU L1iil TeMIiepaTypi, TepMOJMHAMIYHO 6iblI iMOBIpHOIO €
Peaxllisi BilHOBJIEHHS LIUPKOHIIO 10 CIIoyKU Al3Zr Hi>XX pO34MHEHHS LIMPKOHIIO B ajltoMiHieBoMy po3nasi. Ha
OCHOBI Pe3yJIbTaTiB AOCIiIKEHb MIKPOCTPYKTYPHY Ta MEXaHIYHUX BIACTUBOCTEN aJIIOMiHI€BUX JIMBAPHUX CIIJIABiB
cucrem Al-Si, AI-Mg-Si, Al-Cu, Al- Cu- Mn yToyHeHO MexaHi3M 3MillHeHHs. Ha ocHOBi moBHOTO (pakTOpHOrO
€KCIIEPMMEHTY pPO3pax0BaHi OIITUMAaJIbHi KiJIbKOCTi CIIOJIYK LIMPKOHIIO Ta iHIINX CKJIaJlOBUX KOMIIJIEKCHUX (DJIIOCIB,
110 IIPM3HAYEHI AJ1S BifTHOBJIEHHS LMPKOHIIO Y CEPEOBUIII PiZfKOr0O aJlOMIHIIO Ta TepEBENEHHI IOr0 Y MeTaJleBU
PO3IJIaB, a TAKOXK NPU3HAYEH] 17151 10r0 piBHOMiIpHOTO PO3NOJiNy 10 06'eMy po3IiaBy. JJoCiIKEHO BIIJIMB
TEMIIePATyPH Ta YaCy BUTPUMKU Ha CTPYKTYPY Ta MEXaHi4Hi XapaKTePUCTUKU BUILEBKA3aHUX CIIJIaBiB. Ki040Bi
CJI0Ba: 3MilIHEHHS, LUPKOHIH, PJtoc, anioMiHieBi TMBapHi CIJIaBU, OKCUJT, IUPKOHI0, GTOPU, IIUPKOHII0, MEXaHiYHi

BJIACTUBOCTI, MiKDOCTPYKTYpa.

2. Qualification scientific work. - Manuscript. The dissertation is devoted to strengthening of aluminum-
magnesium and aluminum-copper and aluminum-silicon casting alloys with zirconium introduced from zirconium
tetrafluoride and zirconium dioxide, which are intermediate products of obtaining metallic zirconium and the use
of which allows to get rid of the need to obtain aluminum-zirconium ligature. The object of the research is the
phenomenon of changing the structure and properties of aluminum-magnesium, aluminum-copper and
aluminum-silicon casting alloys under the influence of fluxes containing zirconium compounds. An experimental
study of the transition of zirconium from zirconium dioxide or zirconium tetrafluoride to aluminum alloys from a
complex flux is considered. A study of the mechanical characteristics of cast samples obtained from aluminum
alloys with zirconium introduced from its dioxide or tetrafluoride in the cast and heat-treated state is carried out.
It was determined that the reaction between ZrO2 and liquid Al is thermodynamically possible, but in real
conditions of the melting and casting processes of aluminum alloys, the introduction of pure ZrO2 is impossible
due to the strong film of aluminum oxide on the metal surface. The reaction between ZrF4 and liquid Al is
thermodynamically possible, but proceeds slowly. The work established that the components that allow the
reduction of zirconium from ZrO2 and ZrF4 and the saturation of liquid aluminum with it are LiF, NaF, KF. Based on
a set of studies, it was established that zirconium is reduced from zirconium oxide and fluoride with aluminum and
magnesium. The selection of the composition of fluxes must be done with such a ratio of components that would
ensure the formation of potassium, lithium or sodium fluorozirconates. After reduction, when the zirconium
content in the aluminum melt is greater than its solubility limit at this temperature, the reaction of zirconium
reduction to the Al3Zr compound is thermodynamically more probable than the dissolution of zirconium in the
aluminum melt. Based on the results of studies of the microstructure and mechanical properties of aluminum
casting alloys of the Al-Si, AI-Mg-Si, Al-Cu, Al-Cu-Mn systems, the strengthening mechanism has been clarified.
Based on the full factorial experiment, the optimal amounts of zirconium compounds and other components of
complex fluxes designed for the reduction of zirconium in the liquid aluminum environment and its conversion
into a metal melt, as well as designed for its uniform distribution over the volume of the melt, have been
calculated. The effect of temperature and holding time on the structure and mechanical characteristics of the
above alloys has been studied. Keywords: strengthening, zirconium, flux, aluminum casting alloys, zirconium oxide,



zirconium fluoride, mechanical properties, microstructure.
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