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Uplatnenie vysledkov projektu

Kompozity s eutektickou mikroStrukturou su charakterizované trojrozmernou, suvislou a
vzajomne prepojenou (perkolujucou) sietou monokrystalickych eutektickych faz. Oxidické
materialy s eutektickou mikrostrukturou pripravené v ukonéenom projekte su vyuzitefné
najma vdaka svojim zaujimavym mechanickym vliastnostiam (tvrdost, lomova huZevnatost,
odolnost voci vysokoteplotnej deformacii), a vysokej chemickej a tepelnej odolnosti
(odolnost’ voci oxidacii pri vysokych teplotach) vyplyvajucich z vysokej pevnosti fazovych
rozhrani, ktoré predurCuju tieto materialy pre vysokoteplotné aplikacie (lopatky plynovych
turbin, suciastky motorov lietadiel, kozmickych lodi a iné). Okrem tychto materialov
momentalne nemame k dispozicii iné materialy, ktoré by boli dlhodobo pouzitefné v silne
oxida&nych podmienkach pri teplotach nad 1650°C. Prikladom je keramicky eutekticky
kompozitny material Al203-ZrO2-Y203 s maximalnou pracovnou teplotou =1650°C, ¢o je
podstatne vy$Sia hodnota, ako pracovna teplota doteraz pouzivanych superzliatin niklu
(1050-1100°C), oxidovej keramiky =1400°C a nitridovej keramiky 1350°C. DalSie pouzitia
eutektickych keramickych materialov zahffaju optické zariadenia, a su pouzitelné aj ako
novy typ fluorescenénych materialov, nahradzajuci kombinaciu anorganického luminoforu s
epoxidovou Zivicou pouzivanu v tradi€nych LED diédach. V ramci projektu sa vyvinuli a
optimalizovali metddy pripravy takychto materialov s vyuzitim tlakom podporeného spekania
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amorfnych a polykryStalickych prekurzorov (Ziarové lisovanie, spark plasma sintering), ktoré
etablovanymi metddami pripray tychto materialov solidifikaciou z taveniny, so
zodpovedajucimi usporami energie a redukciou uhlikovej stopy.

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

V projekte sa vyvinuli a optimalizovali metddy pripravy keramickych kompozitov v
pseudobinarnych a pseudoternarnych systémoch Al203-Y203 a Al203-2r02-Y203 s
vyuzitim tlakom podporeného spekania amorfnych a polykrystalickych prekurzorov (zZiarové
Casy pripravy v porovnani s doteraz etablovanymi metdédami pripray tychto materidlov
solidifikaciou z taveniny, so zodpovedajucimi usporami energie a redukciou uhlikovej stopy.
Metéda SPS umoziuje za presne definovanych podmienok pripravit' cely rad kvalitativne
odlisnych mikro&truktar: vyvinutd metdda rezultovala v podani prislusnej patentovej
prihlasky. U pripravenych materialov sa definovali vztahy medziich chemickym zloZzenim,
podmienkami pripravy a ich fyzikalnymi viastnost'ami, pri¢om sa Specialna pozornost
venovala mechanickym vlastnostiam pri beznej teplote (tvrdost, lomova huzevnatost) a
odolnosti voCi vysokoteplotnej deformacii (creep) pri teplotach do 1450 C. Pripravené
materialy dosiahli hodnoty Vickersovej tvrdosti na urovni 17 GPa a lomovej huzevnatosti na
urovni 4.5 MPa.m1/2. Vzhfadom na rozpustanie iénov ytria v Strukture ZrO2 a z neho
vyplyvajucej stabilizacie kubickej kryStalografickej modifikacie oxidu zirkoni€itého sa vSak
nepotvrdil prispevok transformacného zhuzevnatenia ku zvySeniu lomovej huzevnatosti.
Odolnost voci vysokoteplotnej deformacii sa zvySila pridavkom ZrO2. Na stanovenie
odolnosti vo€i vysokoteplotnej deformacii sa optimalizovala metéda penetracie gulového
indentora s vyuZzitim termomechanického analyzatora, ktora nevyZaduje naro¢nu pripravu
velkych vzoriek s dobre definovanou geometriou a povrchovou upravou. V ramci projektu sa
tiez pripravili a optimalizovali materialy s eutektickou mikroStrukturou dopované opticky
aktavnymi prvkami vzacnych zemin, najma Er, Yb, Nb, priCom v poslednom pripade sa na
pripravu tychto materialov na partnerskom pracovisku UNIZA optimalizovala aj metdda
priamej solidifikacie z taveniny. U materialov dopovanych Er sa potvrdila intenzivna
luminiscencia v Cervenej oblasti spektra, ktorej intenzitu bolo mozné zvysit nabojovou
kompenzaciou pomocou pridavku litnych iébnov. U materialov kodopovanych Li a Er sa
dosiahla intenzivna &ervena, pripadne zelena luminiscencia up-konverziou infraderveného
excitatného Ziarenia. Pomery intenzit Cervenej a zelenej luminiscencie bolo mozné
modifikovat’ prostrednictvom pomeru a obsahu jednotlivych dopantov. U vSetkych
pripracenych luminiscencénych materialov sa navrhli mechanizmy zodpovedné za
pozorované luminiscencné charakteristiky.

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

In the project, methods for preparing ceramic composites in pseudobinary and
pseudoternary systems Al203-Y203 and Al203-ZrO2-Y203 were developed and optimized
using pressure-assisted sintering of amorphous and polycrystalline precursors (such as hot
pressing and spark plasma sintering - SPS), which require significantly lower temperatures
and shorter preparation times compared to the established methods of solidification from the
melt, leading to corresponding energy savings and a reduction in carbon footprint. The SPS
method allows the preparation of a range of qualitatively different microstructures under
precisely defined conditions; this developed method has resulted in the submission of a
corresponding patent application. Relationships between the chemical composition,
preparation conditions, and physical properties of the prepared materials were defined, with
special attention given to mechanical properties at room temperature (hardness, fracture
toughness) and resistance to high-temperature deformation (creep) at temperatures up to
1450 °C. The prepared materials achieved Vickers hardness values of 17 GPa and fracture
toughness values of 4.5 MPa.m1/2. However, due to the dissolution of yttrium ions in the
structure of ZrO2 and the resulting stabilization of the cubic crystallographic modification of
zirconia, the contribution of transformation toughening to the increase in fracture toughness
was not confirmed. The resistance to high-temperature deformation was improved by the
addition of ZrO2. A method for determining resistance to high-temperature deformation was
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optimized using spherical indenter penetration with the use of a thermomechanical analyzer,
which does not require the demanding preparation of large samples with well-defined
geometry and surface finishing. The project also involved the preparation and optimization
of materials with eutectic microstructures doped with optically active rare earth elements,
particularly Er, Yb, and Nb: for the latter, the method of direct solidification from the melt was
also optimized at the partner institution UNIZA. For Er-doped materials, intense
luminescence was confirmed in the red region of the spectrum, and its intensity could be
increased through charge compensation with the addition of lithium ions. In materials co-
doped with Li and Er, intense red or green luminescence was achieved via up-conversion of
infrared excitation radiation. The ratios of the intensities of red and green luminescence
could be modified through the ratio and content of individual dopants. Mechanisms
responsible for the observed luminescent characteristics were proposed for all prepared
luminescent materials.
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