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1. CtpykTypHi 3MiHM Ta (a30Bi IepeTBOPEHHS Y aMOP(HUX Ta KPUCTANIYHUX crtaBax cucrtem Al-Ni-Zr(Hf), Al-V,
Al-Fe-V(Nb)

2. Structural changes and phase transformations in amorphous and crystalline alloys of Al-Ni-Zr(Hf), Al-V,
Al-Fe-V(Nb) systems

Pedepar:

1. Incepralis NpUCBsAY€HA OOCIIIPKEHHSIM CTPYKTYPHUX IEPETBOPEHD Y CIJIaBaX ayllOMiHilo 3 3d-, 5d- nepexigHuMn
METallaMM, OI€P>)KaHUX METOJAMU rapTyBaHHS PO3ILJIABiB Ta €JIEKTPOLYTOBO] MJIaBKY i3 HACTYITHUM
rOMOreHi3yBasibHUM Bifnanaom. [TokaszaHo, 1o criasu Al90+xFe3Nb4+x, siki y 3arapToBaHOMY CTaHi € amoppHUMH i3
XapaKTEePHUMU «MOJIEKYJISIPHUMU KJIaCTepaMu», Y IPoLeci TepMOOOPOOKM KPUCTali3yIOThCS 3 BULiJIEHHIM
HaHOKpHcTasniyHoro Al ta cnosyk AI3Nb i metacrab6inbHoi Al6Fe, sika po3nagaetbes Ha Al ta All3Fe4. BctaHoBiieHO,
o y crnasax tuny Al100-3xV2xFex rpu mBUIKOMY rapTyBaHHI MOXKJIMBA KOHKYPEHLIis BOX iKOCaepUYHUX
KBa3iKpUCTalivHUX a3, IPpUIOMY 3pOCTaHHs BMicTy [IM cripusie yTBOpeHHIO asu i3 6isibIIMM NapaMeTPOM
KBa3iI'paTKU Ta aMOpQHOi (pazy, 10 BUKIMUKAE CYTTEBE MiABUILIEHHS iHTErpPabHOI MiKPOTBEPHOCTi. 36arayeHi
amoMminieM criaBu cuctem Al-Ni-Zr(Hf), cunTe30BaHi METOIOM HAJIIBUIKOTO rapTyBaHHSI, OyJIM KPUCTAJIIYHUMU,

IIpOTE CIJIaBH, 11O BifIOBiNa0Th CKIagaM IceBnobiHapHux a3z JlaBeca Bajsoch 4aCTKOBO aMopdizyBaTu METOLIOM



BOJIHEBOI 06po6Ku. A 17151 criasiB i3 Hf criocrepeskeno noganbury amopddizalliio i3 po3naj Ha rigpuny MeTasliB Ta
HAaHOKPHUCTaJIIYHUU HiKeJb [IPY HarpiBaHHi MeTomamu X-npoMeHeBoi nudpaxiii Ta ¢pazoBoro MarHiTHOro aHami3y.
Brniepiue BcTaHOBJIE€HO, 10 MiKpOKpUcTany Ky6iunux ¢as JlaBeca cuctem Al-Ni-Zr(Hf) MoxxyTh feMoHCTpyBaTu
HAJTPOBIIHICTh IPU KOHLIEHTPALlii HiKeJII0 y CILJIaBi, IKa BiJl[IOBiZa€e MiHIMaJIbLHUM 3HAYEHHSIM B MeXKax obsacTei

FOMOT€HHOCTI.

2. Dissertation consists of results on research of structure changes and phase transformations in alloys of
aluminium with 3d- and 5d- transition metals, obtained by quenching of melts and by arc melting with further
homogenizing annealing. It is shown that ternary alloys, concentration of which is expressed by formula
Al90+xFe3Nb4+x upon quenching are amorphous with distinct “molecular clusters”, centred by transition metal
atoms, distributed regularly in bulk of alloy. By combination of high temperature X-ray diffraction and Mdssbauer
spectroscopy methods it was revealed that crystallization of such alloys has three stages. First of them is related
with extraction of nanocrystalline Al in amorphous matrix and second one with formation of two intermetallides:
AI3Nb compound and Al6Fe metastable phase. Appearance of new type of magnetic ordering, revealed at 700 K, is
due to cooperation of layers of Al6Fe phase by Fe-atoms with nearest almost spherically symmetric arrangement
of Al-atoms. As result the formation of Al13Fe4 (Al3Fe) crystalline compound with Penrose quasicrystalline cell like
structure. Such structural transformations are confirmed by scanning electron microscopy. The crystallization of
alloy is accompanied by drastic decrease of integral microhardness from 1900 MPa in amorphous state to ~ 800
MPa after crystallization of three compounds. It was shown that in ternary Al100-3xV2xFex alloys at rapid
quenching it is possible the competition of two icosahedral quasicrystalline phases. Particularly the sample of
Al94V4Fe?2 contains only two coexisting phases with different quasicell parameter of content, corresponding
formulas Al86V9,3Fe4,7 and Al86V4,3Fe9,7. It is shown that increase of total content of transition metal promotes
the formation of the phase with higher value of quasicell parameter and amorphous phase that is supposed to be
caused by structural competition at quenching of alloy. Total microhardness significantly depends on content of
alloys and increases gradually from 867 up to 3000MPa with increasing of total content of transition metals from 6
to 12 at. %. The Al-enriched alloys of Al-Ni-Zr(Hf) systems, synthesized by rapid quenching are found to be brittle
and partly or particularly amorphous. Metallic ribbons of Al84Ni8Zr8(Hf8) content consist of three phases: Al, NiAl3
and ZrAl3 or HfAI3, respectively. The same ternary phase equilibrium was revealed in casted Al84Ni8Zr8 alloy, not
observed in annealed samples. As the result of phase equilibria studies in Al-enriched corner of phase diagram we
have revealed the existence of notable homogeneity regions for ZrNi2Al5 and Zr6Ni8AlI15 compounds. At first it was
pointed out that formation of Zr6Ni8Al15 compound occurs according to eutectoid reaction Zr6Ni8AI15 o NiAl +
ZrNixAl2-x (structure type — MgCu2). Unknown early ternary equilibrium between phases: Zr6Ni8Al15 - NiAl -
ZrNixAl2-x was observed at two temperatures. Alloys of Al-Ni-Zr(Hf) systems, which corresponds to pseudobinary
Laves phases of ST MgCu2 and MgZn2 have been obtained in partly amorphous state by means of mechanical
treatment in hydrogen atmosphere. Besides, we have obtained the nanocrystals of the Laves phase, whose size =
6-14 nm, embedded in amorphous matrix. In case of alloys with Hf further amorphization with decomposition into
HfH2, AIH3 hydrides and nanocrystalline nickel at heating to 873 K. Such sequence of phase transformations was
established by means of X-ray diffraction and magnetic phase analysis. The result of hydrogen saturation of Laves
phases is appearance of magnetic properties. We supposed that it is caused by change of electron structure of
Laves phases. Hydrogen, possessing by higher electronegativity attract electrons from Ni-atoms that results
increasing of their magnetic moment. Temperature dependences of specific electroresistivity of ternary
compounds in Al-Ni-Zr(Hf) systems reveal metallic behaviour with tendency to saturation at high temperatures
and can be interpreted by Bloch-Griineisen-Mott model. Such behaviour is caused by 3d- electrons of Zr, Hf and
Ni- atoms. It was at first revealed for Zr(Hf)NixAl2-x (ST - MgCu2) Laves phases the occurrence of
superconductive transitions at temperatures 1,5 K and 0,9 K respectively at concentrations, corresponding the
most low concentration of Ni within homogeneity ranges. Contrary, at maximum concentration it is observed
Kondo-like behaviour, that is manifested by slight increasing of electroresistivity at approaching to temperature
T=0K.
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