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Uplatnenie vysledkov projektu

Vysledky projektu boli zaClenené do vzdelavacieho procesu Studentov vysokych Skél na
vSetkych stuprioch Studia a tvorili zaklad pre vstup rieSitelskému timu do konzorcia rieSitelov
medzinarodného projektu s Eurépskou kozmickou agenturou pod nazvom "Gravity
Dependence of CET in Peritectic TiAl Alloys". Zaroven vysledky projektu tvorili zaklad nove;j
spoluprace s priemyselnym partnerom CCN Castings, s.r.0. z PovaZskej Bystrice a aplikuju
sa do vyvoja technologie presného odlievania obeznych kolies turboduchadiel pre spalovacie
motory.

CHARAKTERISTIKA VYSLEDKOV

Suhrn vysledkov rieSenia projektu a naplnenia cielov projektu v slovenskom jazyku
(max. 20 riadkov)

Metédou postupného znizovania teploty (PDT) sme konStantnymi rychlostami ochladzovania
pripravili sériu vzoriek z peritektickych zliatin na baze TiAl so zlozenim Ti-(43-47)-5Nb-0.2B-
0.2C (at.%), v ktorych sme Studovali prechod kolumnarnej Struktutry na rovnoosu (CET).
Navrhli sme experimentalno-numericki metddu vypoctu odvodu tepla v priebehu
kryStalizacie, ktora vyuziva namerané experimentalne udaje a jednorozmerny numericky
model pohybu kry&talizaéného rozhrania. Numerické simulacie usmernenej krystalizacie
umoznili vypocitat’ lokalne hodnoty rychlosti kryStalizacie a lokalne teplotné gradienty, pri
ktorych dochadza k CET. Vypocty ukazali, ze pri kritickych rychlostiach ochladzovania
dochadza k zmene tepelného toku, o zapri€ifiuje rast radialnych zfn. VysSie rychlosti
ochladzovania vedu k rastu radialnych zfn z povrchu vzorky. NiZSie rychlosti ochladzovania
vedu k nukleacii rovnoosych zfn v tavenine, ktoré zablokuju rast kolumnarnych zin. V
priebehu krystalizacie legujuce prvky ako Ti a Nb, ktoré maju rovnovazny rozdelovaci
koeficient vacsi ako jedna, segreguju do dendritov. Naopak, Al s rozdelovacim koeficientom
menSim ako jedna segreguje do medzidendritického priestoru. Stuperi mikrosegregécie klesa
s rastucou rychlost'ou krystalizacie a len mierne klesa s rastucim teplotnym gradientom.
Vyvinuli a optimalizovali sme laboratérnu metédu indukéného tavenia v keramickom tégliku a
gravitaéného odlievania do keramickych Skrupinovych foriem zliatin na baze TiAl a vyrobili
sme sériu prototypovych kolies turboduchadiel spalfovacich motorov. Odliatky sa vyznacovali
dobrou kvalitou povrchu, nizkou pérovitostou a technicky prijatelnou kontaminaciou kyslikom.
Charakterizovali sme chemické zlozenie, kontaminaciu, pérovitost a mechanické vlastnosti
odliatkov po réznych parametroch odlievania. M6Zeme konstatovat, Ze vytyCené ciele
projektu boli naplnené v planovanom rozsahu.

Suhrn vysledkov rieSenia projektu a naplnenia cielov projektu v anglickom jazyku
(max. 20 riadkov)

Power-down technique at constant cooling rates was applied to prepare series of samples
from peritectic TiAl based alloy with composition of Ti-(43-47)-5Nb-0.2B-0.2C (at.%) to study
columnar to equiaxed transition (CET). An experimental-numeric method was proposed to
estimate heat flux and heat transfer coefficients during directional solidification. The method is
based on 1-dimensional numerical front tracking model and experimental measurements of
temperature profiles. Numerical simulation of directional solidification was used to calculate
local growth rates and local temperature gradients for CET in the samples. The numerical
calculations showed that the heat flux changes at critical cooling rates leading to the change
of heat flux and to the growth of radial grains. Higher growth rates result in the growth of
radial grains from the sample surface. Lower growth rates lead to nucleation of equiaxed
grains in the melt which block the growth of columnar grains. During the solidification the main
alloying elements such as Ti and Nb with distribution coefficient higher than one segregate
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into the dendrites. On contrary, Al with distribution coefficient lower than one segregates into
interdendritic region. The degree of microsegregation decreases with increasing growth rate
and only slightly decreases with increasing temperature gradient. Method for induction
melting in ceramic crucibles and gravity casting into ceramic moulds was developed and
optimised for TiAl-based alloys. A series of prototype turbocharger wheels for combustion
engines was cast using this method at laboratory conditions. The prepared castings can be
characterised by very good surface quality, low porosity a technically acceptable content of
oxygen. The chemical composition, contamination, porosity and mechanical properties of the
castings prepared with various casting parameters were characterised. The objectives of the
project were fully achieved.
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Ing. Juraj Lapin, DrSc. Ing. Karol Izdinsky, CSc.
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