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1. TIporHo3yBaHHS MexaHi3MiB B3aeMOJIii MeTaseBUX CUCTEM 3 KOPO3UBHUM CEPEIOBUILEM METO/IaMU KBAHTOBOI
ximii

2. Prediction of interaction mechanisms of metallic systems with corrosive environment by quantum chemistry

methods

Pedepar:

1. Y nuceprauii 3alipoNIOHOBAaHO HOBE BUPillIEHHS HAYKOBO-TIPUKJIAIHOI IPO6JIEMU TEOPETUYHOTO OLiHIOBAaHHS Ta
[IPOTHO3yBaHHS MEXaHi3MiB B3a€MO/Iii METAJIEBUX CUCTEM 3 KOPO3UBHUM CEPEIOBUILEM i3 BUKOPUCTAHHAM
KBAaHTOBO-XiMiYHUX METO/iB PO3PaXyHKy €HEPreTUYHMX XapaKTEPUCTHK II0BEPXHEBUX IIPOLIECIB Ta KJIACTEPHUX
Mogeseil. 3a yI0CKOHa/IEHO METOAMKOIO OL[iHIOBAHHS KOPO3ii 6araTOKOMIIOHEHTHUX METAJIEBUX CUCTEM METOLIOM
(PYHKULiOHAy T'YCTUHU PO3PaXOBAaHO €HEPTil0 B3aeMO/Iii CKIIaIHUKIB KOPO3UBHOI'O CEPENOBUILA 3 [IOBEPXHEIO Ta
aKTUBaliliHi 6ap’epy BUXOAy-ioHi3anii aTOMiB MeTauliB, 10 AaJI0 MOXKJIMBICTh Ha NPUKJIAAi iHTEpMeTasiziis
aJIIOMIHIIO OLIIHMTY MexaHi3M ix Kopo3ii y pi3HUX cepefoBUILaX, & TAKOXK CIIPOTHO3YBAaTU KOPO3iMHO-MOPQOJIOTiUHYy
CTabisIbHICTh 6iHApHUX HaHOYACTUHOK IaTuHU PtMe (Me - Cr, Fe, Co, Ni, Ru) y cepenosuini
HU3bKOTEMIIEPATYPHUX MAJTMBHUX KOMIPOK. BcTaHOBIIEH] (i3uKo-XimMiuHi 3aKOHOMIpHOCTI B3aemo[ii inTepmeTanizis

Al2Cu Ta Al2CuMg 3 KOPO3MBHUM CEPELOBUILEM [1ajIy 3MOI'Y 3aIIPOIIOHYBATU ajlbTEPHATUBHUM MeXaHi3M ixX



PYVHYBaHHS Ta MOSCHUTHU €KCIIEPUMEHTAJbHI pe3yibTaTu. TeopeTuyHO OOIPYHTOBAHO iHTiOyBabHY 3HATHICTD
[IOBEPXHEBO-aKTUBHOI'O PaMHOJIIIIIHOTO 6i0OKOMIIZIEKCY Ha aJIloMiHiEBOMY CIIJIaBi Ta CIPOrHO30BaHO MeXaHi3M
CHHEePriyHoi B3aeMoJii pamHoininy i3 pocdaramu Kasbliilo Ta HUHKY, O CIIpUse ix comobinisauii. Po3BuHyTO Ta
IOTIMGJIEHO TEOPETUYHI YSIBJIEHHS IIPO MEXaHi3M BILJIMBY CKJIQJJHMKiB KOPO3MBHOIO CE€PEIOBHUIIA HA IIOBEPXHI
KOHTaKTYIOUMX METAJIIYHUX KJIACTEPIB, AKi Y3rOIKYIOTbCA i3 [TOJIOXKEHHAMHU TE€OPii CTPYKTYPHO-TEPMIYHOI aKTHBALii
MOBePxHi mif yac Tpubokopoaii. Pozpobeni moneni Kopoaii Ta oTprMaHi KBAaHTOBO-XiMi4Hi 3aKOHOMipHOCTI
B3aeMOJii cepenoBuIa 3 6araTOKOMIIOHEHTHUMHU CUCTEMaMU Jajli 3MOTY BCTAHOBUTH B3a€MO3BS130K MiXK
PO3PaxOBaHUMM AaTOMHO-MOJIEKYJIIPHUMU XapaKT€PUCTUKAMU BILIMBY CKJIAHMKIB KODO3MBHOIO CEPENIOBUILA Ha

maTepiany Ta iX KOPO3iMHMMU BJIACTUBOCTSMU, SIKi BUBHAYEHI €KCIIEPUMEHTAJIBHO.

2. The dissertation provides novel insights into the theoretical evaluation and prediction of corrosion resistance of
multicomponent metallic systems along with the establishment of their local corrosion damage mechanisms based
on the development of atomic-molecular models of processes in the metal-environment space. This work also
contributes to the improvement of quantum-chemical calculations for the multicomponent systems using the
density functional method in a cluster approximation. Based on the quantum-chemical density functional method,
we have calculated the interaction of components of a corrosive environment with a surface and also the
activation barriers of metal atoms ionization taking into account the influence of the aqueous medium and the
charge state of corrosion ions and the surface. This approach has allowed us to evaluate the ways of metal
corrosion in alkaline and acidic environments using an aluminum alloy intermetallide as an example substance. In
addition, we could predict the corrosion-morphological stability of binary platinum nanoparticles with the shell
structure of PtMe (Me - Cr, Fe, Co, Ni, Ru) in the low-temperature fuel cell environment. Next, using data-
calculation analysis, we have determined the interaction between the intermetallic phases of aluminum alloys
Al2Cu and Al2CuMg and corrosive environment, which allowed to propose an alternative mechanism for alloy
corrosion and to explain the existing experimental results. Moreover, we have theoretically substantiated the
inhibitory effect of modified zeolites and surface-active ramnolipid biocomplexes on aluminum alloys. In addition,
we have revealed the possibility of formation of stable rhamnolipid complexes with aluminum ions that can
precipitate on the metal surface forming an organic barrier layer, thereby preventing metal corrosion. We have
also predicted the mechanism of synergistic interaction of rhamnolipids with calcium and zinc phosphates, which
contributes to lipid solubilization. The established relationships between chemical composition, crystall structure,
the nature of chemical bonding in binary platinum nanoclusters and their reactivity enable us to provide practical
recommendations for the prediction of properties and creation of new efficient binary platinum-based
nanomaterials for low-temperature fuel cells.
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