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2. Structure and physico-mechanical properties of aluminum-based coatings with quasicrystalline and
approximant phases

Pedepar:

1. Inceprarnis Ha 3000YTTSI HAYKOBOTO CTYIEHS JOKTOpa (Pi3sMKO-MaTeEMaTUYHUX HAyK 3a crenjanbHicTio 01.04.13 -
¢isuka metanis. I[ncTuTyT MeTtanodisuxu im. I.B. Kyparomosa HAH Ykpainu. Kuis, 2025. [JuceprauiiiHa po6oTta
[IPUCBSIY€HA PO3POO0LI HAYKOBHUX OCHOB CTBOPEHHSI [IOKPUTTIB 3 KBa3iKPUCTATIYHUMU ab0 allpOKCHMaHTHUMU
(dazamu B anIOMiHieBUX CIIJIaBax i3 3aJaHUM piBHEM BJIACTUBOCTEN. Briepiue nokasaHo, 110 B iHTEpBaJi TeMIepaTyp

ocajXeHHs (Temneparypa nigknaazaku) 0,5...0,7 Big remneparypu miasieHHs ciay (T), GopmyBaHHS



KBa3iKpUCTaJIiYHOI 260 KPUCTANIYHOI allPOKCMMAHTHOI CTPYKTYPH BaKYyMHOT'O KOHI,EHCATY Bif0yBa€TbCsI
6e3rocepenHbO IIPU OCaIKEHHI CcyMillli mapoBux (a3 KOMIIOHEHTIB Y BiJI[TOBIIHUX CIiBBiIHOIMEHHIX. 3H>KEHHS
TEMIIEPATyPU OCA/IKEHHS CILJIaBiB IPUBOJUTH [0 3MEHLIEHHS PO3MiPY 3€peH Ta 30i/bIIeHHS (Pa30HHUX CIIOTBOPEHb
CTPYKTypu. BusHaueHo ymoBU GOpMyBaHHS reTepodasHuX MOKPUTTIB, 10 MiCTITh OKpiM (a3 3i CKIaIHOIO
KPUCTaiYHOI0 6YA0BOIO, iHIIi KpUCTasiuHi (pa3u. 3anIpONOHOBAHO METOAMKY BUMipIOBAHHS 3aJIMIIKOBUX
HaIpyXeHb Y KBa3iKpUCTIIYHUX [IOKPUTTSIX 32 LOMIOMOTr0I0 MOIM(IiKOBaHOTO MeTOLy sin’d. BcTaHOBJIEHO, 1110
OCHOBHMI BHECOK Y 3QJIMIIKOBI HAIIPY>KEHHS BHOCATb TEPMiUHI HaIllpy>KEHH4 Yepe3 pisHuio Mk KTP nmigknanky i
nokputts. [lokasaHo, 1110 OCHOBHUM Me€XaHi3MOM peJlakcallii HanpyskeHb y NOKpUTTAx Al-Cu-Fe e Hackpi3He
PO3TPICKyBaHHS | BU3HAUEHO 3HAUYEHHS KPUTHYHOTO KoedillieHTy iHTeHCUBHOCTI HarnpykeHb Klc martepiany
IIOKPUTTS. BCTaHOBJIEHO BEJIMYUHY KPUTUYHOI TOBIIMHY [IOKPUTTIB, [IPU Kill IMOBIDHUM CTa€ iX HaCKpi3He
PO3TpiCcKyBaHHS. BUsBIEHO, [0 MiIKPOTBEPiCTh KBA3iKPUCTANIYHOI (Pa3y y BAKYYMHUX IIOKPUTTSX [IPY 3HIDKEHHI
pO3Mipy 3epeH 3MiHIOeTbCSI HEMOHOTOHHO, 110 MOB'SI3yeThC i3 3MiHOI0 MEXaHi3MiB IJIACTUYHOI fedopmaliii.
BusHaueHo, 110 3HOCOCTINKICTb reTepoQasHux IOKPUTTIB i3 ikocaeJpUYHOI0 KBa3iKpUCTAiYHOIO Ta O-KyOi4HOIO
($azamu € BUILOIO HDK Y 07HO(PA3HOTO KBa3iKpUCTaiyHOTO OKPUTTS, 3aBISKU BILJIMBY OibII IJIACTUYHOI O-(a3su.
Briepiie BCTaHOBJIEHO, 1110 3MEHIIEHHS PO3MIpy 3epeH y KBa3iKpUCTaliYHUX i alpOKCMMAHTHUX MaTepianax 1o
HaHOMacUITabHUX 3HaY€Hb [IPUBOAUTH O 3HAYHOI'O 3pOCTAHHS iX AeMI]yodoi 30aTHOCTI IIPH MiBUILLEHUX
TeMIIepaTypax, 110 0B’I3yeThCs i3 3MiHOI0 MeXaHi3My Jucunallii eHeprii 3 AUCI0KaliiHOrO Ha IEPEBasKHO
3€pHOrpaHMYHMIA. BU3HAY€HO BIJIMB NE€Piofy MOAyJIALii 0y 6araromapoBux ¢osbrax Al/Cu Ha KiHETHUKY i
IIOCJIiIOBHICTb (Pa30BUX I1€PETBOPEHD. 3aIIPOIIOHOBAHO MOJeJb YTBOpPeHHS (a3 Al2Cu, n2-Al4Cu9 ta ol-AlCu3 B
6araTomapoBux dosnbrax. [I[poaHasnizoBaHO KaTOPUMETPUYHI XapaKTEPUCTUKU €K30TEPMIYHUX PeaKiliit
(GopMyBaHHS iHTEPMETAJIEBUX CIIOJYK y (OJIbrax 3 pisHUM N1€PiooM MOIYJIsLii Ta BU3HAYEHO €HEPTii akTuBallii
peaxuiit 3 nux ¢as.

2. Thesis for the scientific degree of Doctor of Physical and Mathematical Sciences in specialty 01.04.13 - Physics of
Metals. G.V. Kurdyumov Institute for Metal Physics, National Academy of Sciences of Ukraine. Kyiv, 2025. The
thesis is devoted to the development of scientific foundations for the formation of Al-based coatings based on
quasicrystalline or approximant phases having specified properties. It is shown for the first time that the formation
of a quasi-crystalline or crystalline approximant structure occurs directly during the deposition of a mixture of
vapor phases on substrates heated to temperatures corresponding to 0.5...0.7 of the alloy melting point (Tm).
Reducing the deposition temperature of the alloys leads to a decrease in grain size and an increase in phason
distortions of the structure. The conditions for the formation of heterophase coatings containing other crystalline
phases besides phases with complex crystalline structures were determined. A method for measuring residual
stresses in quasicrystalline coatings using a modified sin?o method was proposed. It was established that the main
contribution to residual stresses comes from thermal stresses due to the difference between the CTE of the
substrate and the coating. It was shown that the main mechanism of stress relaxation in Al-Cu-Fe coatings is
through-cracking, and the value of the critical stress intensity factor Klc for the coating material was determined.
The critical thickness of the coatings, at which through-cracking becomes likely, was determined. It was found
that the microhardness of the quasicrystalline phase in vacuum coatings changes non-monotonically with a
decrease in grain size, which is associated with a change in the mechanisms of plastic deformation. It was
determined that the wear resistance of heterophase coatings with icosahedral quasicrystalline and o-cubic phases
is higher than that of single-phase quasicrystalline coatings due to the influence of the more plastic o-phase. For
the first time, it was established that reducing the grain size in quasicrystalline and approximant materials to
nanoscale values leads to a significant increase in their damping capacity at elevated temperatures, which is
associated with a change in the energy dissipation mechanism from dislocation to predominantly grain boundary.
The influence of the modulation period o in Al/Cu multilayer foils on the kinetics and sequence of phase
transformations was determined. A model for the formation of Al2Cu, 02-Al4Cu9, and o1-AlCu3 phases in multilayer
foils was proposed. The calorimetric characteristics of the exothermic reactions of intermetallic compound
formation in foils with different modulation periods were analyzed, and the activation energies of the reactions
from these phases were determined.
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