Nazov odboru: Fyzika/Physics

Nazov Studijného programu: Progresivne materialy/Advanced materials

Nazov dizertacnej prace: Priprava a Stidium magneticky makkého kompozitu s feritom ako
izolacnou zlozkou
Preparation and the study of the soft magnetic composites with
ferrite as an insulation part

Meno skolitela: doc. RNDr. Jan Flizer, PhD.
jan.fuzer@upjs.sk
https://www.upjs.sk/PF/zamestnanec/jan.fuzer/

Nazov fakultného pracoviska $kolitela: Prirodovedecka fakulta, Univerzita P. J. Safarika v KoSiciach, Ustav
fyzikalnych vied, https://www.upjs.sk/prirodovedecka-
fakulta/pracoviska/ustavy-pf/ufv/

Faculty of Science, P. J. Safarik University in Kosice, Institute of
Physics, https://www.upjs.sk/prirodovedecka-
fakulta/pracoviska/ustavy-pf/ufv/

Formu realizicie DS (dennd/externa): denna forma/full-time study

Anotacia témy dizertacnej prace:

Praca je orientovana na pripravu a Studium magnetickych kompozitnych materidlov pozostavajlcich z ¢astic na baze
Fe povlakovanych feritom. Pre svoje jedinecné vlastnosti sa magneticky makké kompozitné materialy v poslednych
rokoch uplatiuju napriklad v elektromotoroch a vykonovej elektronike. Potencidlnou vyhodou pouZitia magneticky
makkych feritov ako izolacnej vrstvy oproti inym typov izolantov je ich ferimagnetické spravanie zlepsujuce
magneticku interakciu medzi feromagnetickymi ¢asticami prasku v pripravenom kompozite. Kompozitné materialy
budu pripravované lisovanim za réznych fyzikalnych podmienok. Na pripravenych materidloch budud studované
hysterézne slucky aich straty, elektricky odpor a spektrum komplexnej permeability. Cielom je optimalizicia
pripravy kompozitného materidlu (zloZenie, metdda pripravy hybridného praskového materidlu, parametre
lisovania, parametre tepelného spracovania) vykazujuceho vlastnosti poZadované od magneticky makkych
materialov pri premagnetovani v stredofrekvencnej oblasti.

The study is oriented on the preparation and the investigation of magnetic composite materials based on the Fe
particles coated by ferrite. Due to their unique properties, soft magnetic composites have been used in recent
years, for example, in electric motors and power electronics. Potential advantage of soft magnetic ferrites when
used as electro insulating layer instead of other insulations is their ferrimagnetic behaviour, improving the magnetic
interaction between the ferromagnetic powder particles in the final composite. Composite materials will be
prepared by pressing under different physical conditions. The hysteresis loops and their energy losses, the electrical
resistivity and wideband complex permeability will be studied on prepared materials. The aim is the optimization
of preparation process (composition, method of preparation of hybrid powder material, pressing parameters,
annealing parameters) of soft magnetic materials with required magnetic properties at middle-frequencies.
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Nazov odboru: Fyzika/Physics

Nazov Studijného programu: Progresivne materialy/Advanced materials
Nazov dizertacnej prace: Priprava a Stidium katalyzatorov pre priame metanolové palivové
clanky
Preparation and study of catalysts for direct methanol fuel cells
Meno skolitela: Mgr. Vladimir Komanicky, PhD.

vladimir.komanicky@upjs.sk
https://www.upijs.sk/PF/zamestnanec/vladimir.komanicky/
Ndzov fakultného pracoviska Skolitela: Prirodovedecka fakulta, Univerzita P. J. Safarika v KoSiciach
Ustav fyzikalnych vied, https://www.upjs.sk/prirodovedecka-
fakulta/pracoviska/ustavy-pf/ufv/
Faculty of Science, P. J. Safarik University in KoSice
Institute of Physics, https://www.upjs.sk/prirodovedecka-
fakulta/pracoviska/ustavy-pf/ufv/
Formu realizécie DS: denna forma/full-time study

Anotacia témy dizertacnej prace:

Dizertacna praca bude zamerand na syntézu nizkonakladovych aktivnych a stabilnych katalyzatorov na redukciu
kyslika s podobnym spravanim ako su Pt katédové materialy, a katalyzatory na baze zlaitin Pd. Cielom je zlepsit ORR
katalytické schopnosti Pd katalyzatorov vyuzitim vhodnych technik pripravy. V sulade s tym sa na syntézu vzoriek
na bdze Pd pouZiju rézne stratégie, ako je legovanie s inymi prechodnymi kovmi a Uprava povrchu katalyzatorov.
Potom sa pouZiju metédy Struktirnej a morfologickej charakterizdcie na skumanie fyzikdlnych vlastnosti
vyrobenych Pd katalyzatorov. Okrem toho sa bude Studovat katalyticka schopnost a tolerancia vyvinutych
katalyzdtorov voci prechodu metanolu cez membranu. Uvedené katalyzatory budd pripravené pomocou
magnetrénového naprasovania.

Doctoral research activity will be focused on synthesis of low-cost active, and stable oxygen reduction catalysts with
similar behaviors to Pt cathode materials, Pd-based alloy catalysts. The goal is to improve the ORR catalytic
capabilities of Pd catalysts by utilizing proper preparation techniques. Accordingly, a variety of strategies like
alloying with other transition metals and amending the surface of catalysts will be utilized for the synthesis of the
Pd-based samples. Then, structural and morphological characterization methods will be used to examine the
physical properties of fabricated Pd catalysts. Furthermore, the catalytic ability and methanol tolerance of the
developed catalysts will be studied to specify the performance of the magnetron sputtered Pd alloyed catalysts for
catalyzing ORR.
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Nazov odboru: Fyzika/Physics

Nazov Studijného programu: Progresivne materialy/Advanced materials

Nazov dizertacnej prace: Vyvoj funkénych nanomaterialov pomocou elektrochemickej
depozicie
The development of functional nanomaterials using electrochemical
deposition

Meno skolitela: prof. RNDr. Rastislav Varga, DrSc.

rastislav.varga@upjs.sk
https://www.upijs.sk/UPJS/zamestnanec/rastislav.varga/
Ndzov fakultného pracoviska Skolitela: Centrum Progresivnych materialov TIP-UPJS,
https://www.upjs.sk/departments/tip/CPM/
Center for Progressive Materials TIP-UPJS,
https://www.upjs.sk/departments/tip/CPM/
Formu realizécie DS: denna forma/full-time study

Anotacia témy dizertacnej prace:

Hlavnym zdmerom préce je Studium funkénych nanomaterialov pripravenych pomocou elektrochemickej depozicie
vo forme nanodrétov. Na zdklade studia odbornej literatiry vybrat vhodné viacprvkové zliatiny s vyznacnymi
fyzikdlnymi vlastnostami a postupnymi krokmi skimat moZnosti ich pripravy. Pripravené materidly nasledne
charakterizovat dostupnymi analytickymi metdédami za ucelom rozboru ich Struktirnych, magnetickych a inych
fyzikalnych vlastnosti.

The work's main aim is to study functional nanomaterials prepared using electrochemical deposition in the form of
nanowires. Based on the study of scientific literature, select suitable multi-element alloys with outstanding physical
properties and investigate the possibilities of their preparation. The prepared materials should then be
characterized by available analytical methods in order to analyze their structural, magnetic and other physical
properties.
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Nazov odboru: Fyzika/Physics

Nazov Studijného programu: Progresivne materialy/Advanced materials

Nazov dizertacnej prace: Povrchové deformacie magnetickych doménovych stien v tenkych
drétoch
Surface deformation of magnetic magnetic domain walls in thin
wires

Meno skolitela: RNDr. Kornel Richter, PhD.

kornel.richter@upijs.sk
https://www.upjs.sk/UPJS/zamestnanec/ kornel.richter/
Ndzov fakultného pracoviska Skolitela: Centrum Progresivnych materialov TIP-UPJS,
https://www.upjs.sk/departments/tip/CPM/
Center for Progressive Materials TIP-UPJS,
https://www.upjs.sk/departments/tip/CPM/
Formu realizicie DS (dennd/externa): denna forma/full-time study

Anotacia témy dizertacnej prace:

Valcova topografia feromagnetickych vzoriek je jednym z faktorov, ktoré umoznuju velké rychlosti doménovych
stien. V nasej praci sa zameriame na pozorovania povrchového tvaru doménovych stien v tenkych valcoch pri
malych rychlostiach. Bude vyuZivana novovybudovand metodika na baze Magneto-optického Kerrovho javu
(MOKE), ktora sa rozsiri o moznost pozorovania viacerych doménovych stien naraz. Student bude participovat na
navrhu a dizajne budiacich cievok a simuldcie magnetickych poli. Nasledne sa vykonaju pozorovania povrchového
tvaru a deformacii doménovej steny v drotoch s r6znymi hodnotami magnetickych anizotropii.

Cylindrical topography of ferromagnetic samples is one of the crucial factors that contributes to a high domain wall
velocity. In our work, we will focus on time-resolved observation of a surface domain wall shape in thin wires. We
will employ a novel experimental setup based on Magneto-optical Kerr effect (MOKE), that will be extended by an
option to observe multiple domain walls simultaneously. Student will participate on design of excitation coils and
simulations of magnetic fields. Observations of a surface domain wall deformation will be carried out on samples
differing by magnetic anisotropies.
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Nazov odboru: Fyzika/Physics

Nazov Studijného programu: Progresivne materialy/Advanced materials

Nazov dizertacnej prace: Studium magnetickych a tepelnych viastnosti vysoko-entropickych
funkénych zliatin
Study of magnetic and thermal properties of high-entropy
functional alloys

Meno skolitela: prof. RNDr. Rastislav Varga, DrSc.
rastislav.varga@upjs.sk
https://www.upijs.sk/UPJS/zamestnanec/rastislav.varga/

Ndzov fakultného pracoviska Skolitela: Centrum Progresivnych materialov TIP-UPJS,
https://www.upjs.sk/departments/tip/CPM/
Center for Progressive Materials TIP-UPJS,
https://www.upjs.sk/departments/tip/CPM/

Formu realizicie DS (dennd/externa): denna forma/full-time study

Anotacia témy dizertacnej prace:

Hlavna myslienka dizertagnej prace spociva v najdeni vyhovujiceho chemického zloZenia, ktoré bude splfiat kritéria
pre vysoko-entropické funkéné zliatiny. Vhodne zvolend kompozicia jednotlivych chemickych prvkov vedie k
priprave prave takych materidlov, kde sa méZzeme venovat vybranym fyzikdlnym vlastnostiam. Zameriame sa na
kombindciu prvkov spadajucich do skupiny polovi¢nych Heuslerovych zliatin so stochiometrickym vzorcom XYz, kde
X a Y predstavuju prechodovy prvok a Z prvok z p bloku. Pre materidly, ktorym sa chceme venovat sa javi priprava
vzoriek vo forme pasok a mikrodrétov pomocou Taylor-Ulitovského metédy velmi vyhodna. Sucastou préce je aj
navrh moznej chladiacej technoldgie a jej implementacia do technickej praxe.

The main idea of the dissertation thesis is to find a suitable chemical composition that will meet the criteria for
high-entropic functional alloys. Appropriately chosen composition of individual chemical elements leads to the
preparation of such materials, focusing on selected physical properties. We will focus on combining elements
belonging to the group of half Heusler alloys with the stoichiometric formula XYZ, where X and Y represent a
transition element and Z an element from the p block. The preparation of samples in the form of strips and
microwires using the Taylor-Ulitovsky method seems very advantageous for the materials we want to deal with.
Part of the work is also the design of possible cooling technology and its implementation in technical practice.
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Nazov odboru: Fyzika/Physics

Nazov Studijného programu: Progresivne materialy/Advanced materials

Nazov dizertacnej prace: Priprava a experimentalne Studium magnetickych nanocastic pre
biomedicinske aplikacie.
Preparation and the experimental study of magnetic nanoparticles
for biomedical applications

Meno skolitela: doc. RNDr. Adriana Zelenakova, PhD.
adriana.zelenakova@upjs.sk
https://www.upijs.sk/PF/zamestnanec/adriana.zelenakova/

Ndzov fakultného pracoviska Skolitela: Prirodovedecka fakulta, Univerzita P. J. Safarika v Kosiciach
Ustav fyzikdlnych vied,
https://www.upijs.sk/prirodovedecka-fakulta/pracoviska/ustavy-
pf/ufv/
Faculty of Science, P. J. Safarik University in KoSice
Institute of Physics,
https://www.upjs.sk/prirodovedecka-fakulta/pracoviska/ustavy-
pf/ufv/

Formu realizicie DS (dennd/externa): denna forma/full-time study

Anotacia témy dizertacnej prace:

Praca je orientovand na pripravu a Studium magnetickych, Struktirnych a funkénych vlastnosti nanocasticovych
systémov, ktoré mézu byt vyuzité v biomedicine ako nosice lieiv, pre magnetickl separaciu pri PCR diagnostike
a pre magnetickd hypertermiu. Vysledky magnetickych merani budu vysvetlené z ohladom na koreldciu ich
Struktirnych parametrov (velkost castic, vplyv povrchovej anizotropie apod.) Budl vypresnené magnetické
parametre, ktoré ovplyviuju vyuzitie Studovanych nanocastic v biomedicine. Bude sledovana vhodnost pouzitia
nanocastic pre konkrétnu biomedicinsku aplikaciu.

The work is focused on the preparation and study of magnetic, structural and functional properties of nanoparticle
systems that can be used in biomedicine as drug carriers, for magnetic separation in PCR diagnostics and for
magnetic hyperthermia. The results of magnetic measurements will be explained with regard to the correlation of
their structural parameters (particle size, influence of surface anisotropy, etc.). Magnetic parameters that affect
the use of studied nanoparticles in biomedicine will be specified. The appropriateness of the use of nanoparticles
for a specific biomedical application will be monitored.
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Nazov odboru: Fyzika/Physics

Nazov Studijného programu: Progresivne materialy/Advanced materials

Nazov dizertacnej prace: Stanovenie struktury kovovych skiel pomocou rozptylovych a
spektroskopickych technik vyuZivajtcich rtg. Ziarenie,
synchrotrénové Ziarenie a zobrazovacich technik na XFEL
The structure determination of metallic glasses by X-ray,
synchrotron based scattering and spectroscopic techniques and
image techniques at XFEL

Meno skolitela: prof. RNDr. Pavol Sovdk, CSc.,
pavol.sovak@upijs.sk
https://www.upijs.sk/PF/zamestnanec/pavol.sovak/

Skolitel $pecialista: RNDr. Jozef Bednar¢ik, PhD.,,
jozef.bednarcik@upijs.sk,
https://www.upjs.sk/PF/zamestnanec/jozef.bednarcik/

Nazov fakultného pracoviska skolitela: Prirodovedeckd fakulta, Univerzita P. J. Safarika v Kosiciach
Ustav fyzikdlnych vied,
https://www.upjs.sk/prirodovedecka-fakulta/pracoviska/ustavy-
pf/ufv/

Faculty of Science, P. J. Safarik University in KoSice
Institute of Physics,
https://www.upjs.sk/prirodovedecka-fakulta/pracoviska/ustavy-

pf/ufv/

Formu realizicie DS (dennd/externd): denna forma/full-time study

Anotacia témy dizertacnej prace:

Tato praca sa bude zaoberat pripravou a stidiom struktdry na atomarnej Grovni kovovych skiel na baze (Fe, Ni, Cu)-
(Hf, Ta, W) vo forme pasok a tyciniek pomocou metddy rychleho chladenia otacajlucim sa valcom a zlievanim do
medenej zapustky. Amorfnd Struktdra pripravenych zliatin bude vySetrovand pomocou rozptylovych a
spektroskopickych technik vyuZivajucich synchrotrénové Ziarenie, konkrétne vysoko-energetickej rontgenovej
difrakcie (HEXRD), anomalnej rontgenovej difrakcie (AXRD) a rontgenove] absorpcnej spektroskopie (XAS).
Struktdra bude taktie? konfrontovand s pozorovaniami na TEM a MID beamline na EFEL v Hamburgu.

The thesis will deal with the preparation and structure observation of (Fe, Ni, Cu)-(Hf, Ta,W)-based metallic glasses
in the form of ribbons and rods by melt-spinning technique and the copper mould casting method. The glassy
structure of the as-prepared alloys will be investigated by synchrotron based scattering and spectroscopic
techniques, namely high-energy X-ray diffraction (HEXRD), anomalous X-ray diffraction (AXRD) and X-ray absorption
spectroscopy (XAS). Structure of the samples also will be checked by TEM and MID beamline at XFEL in Hamburg.
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Nazov odboru: Fyzika/Physics

Nazov Studijného programu: Progresivne materialy/Advanced materials

Nazov dizertacnej prace: Studium kinetiky krystalizacie amorfnych prekurzorov na baze Fe
Study of the crystallization kinetics of Fe-based amorphous
precursors

Meno skolitela: RNDr. Jozef Bednarcik, PhD.

jozef.bednarcik@upijs.sk
https://www.upijs.sk/PF/zamestnanec/jozef.bednarcik/

Ndzov fakultného pracoviska Skolitela: Prirodovedeckd fakulta, Univerzita P. J. Safarika v Koiciach
Ustav fyzikdlnych vied,
https://www.upijs.sk/prirodovedecka-fakulta/pracoviska/ustavy-
pf/ufv/

Faculty of Science, P. J. Safarik University in KoSice
Institute of Physics,
https://www.upjs.sk/prirodovedecka-fakulta/pracoviska/ustavy-

pf/ufv/

Formu realizicie DS (dennd/externa): denna forma/full-time study

Anotacia témy dizertacnej prace:

Jednou z najviac Studovanych problematik v oblasti materidlového vyskumu je bezpochyby kinetika fazovych
transformacii prvého druhu. Hlavnym dévodom takéhoto zvy$eného zaujmu je skuto¢nost, ze fazové transformacie
predstavuju ucinny nastroj na modifikaciu mikrostruktuiry studovanych materialov a tym padom ponukaji moznost
optimalizacie ich vyslednych vlastnosti. UpIné porozumenie mechanizmov kinetiky fazovych transformacii, a s tym
suvisiacich zmien v mikroStrukture, vytvara predpoklad pre zlepsenie vyslednych vlastnosti r6zneho typu a rozsahu.
Rychle ochladenie taveniny predstavuje typicky priklad silne nerovndineho procesu, ktory vedie k tvorbe
metastabilnych materidlov, akymi su kovové skld. Rychlym ochladenim sa amorfnad Struktura, ktord je
charakteristickd pre kvapalny stav, uchova aj v tuhom stave. V dosledku Struktary, ktora sa vyznacuje
kratkodosahovym atomarnym usporiadanim, vykazuju kovové skla rad vynikajicich magnetickych a mechanickych
vlastnosti. V pripade magnetickych vlastnosti sa jednd o velmi nizke hodnoty koercivity, magnetostrikcie a
magnetizacnych strat, ktoré su sprevddzané vysokymi hodnotami permeability. Jednym z hlavnych cielov
navrhovanej dizertacnej prace bude podrobné stidium procesu kinetiky krystalizacie amorfného prekurzoru na
baze Fe. Doraz bude kladeny na optimalizaciu vyslednej mikrostruktury s cielom zlepsit vysledné magnetické
vlastnosti. Okrem Standardnych laboratérnych metodik (DSC, SEM, TEM, RTG, MSB) budu pri Studiu aplikované
moderné metodiky vyuZivajlce rozptyl synchrotrénového Ziarenia.

Kinetics of phase transformations of the first order is without doubt the most intensively studied subject in the field
of materials science. The main reason for such increased interest is the fact, that it represents a powerful tool to
modify microstructure of studied materials and thus tailor their properties. Understanding the kinetics of a phase
transformation and the associated change of microstructure is a prerequisite to utilize this tool to its full extent.
Rapid quenching of a melt represents typical example of highly non steady state process which results in formation
of metastable materials such as metallic glasses. Amorphous structure characteristic for a liquid state is preserved
in solid state by rapid quenching. As a result of their unique structure, which is characterized by short-range order,
metallic glasses exhibit excellent magnetic and mechanical properties. In case of magnetic properties metallic
glasses exhibit very low values of coercivity, magnetostriction and loses which are complemented by very high
values of permeability. One of the main goals of the proposed dissertation will be a detailed study of the kinetics
of the crystallization process of the Fe-based amorphous precursor. Emphasis will be placed on optimizing the
resulting microstructure to improve the resulting magnetic properties. In addition to standard laboratory methods
such as DSC, SEM, TEM, XRD, MSB, modern methods using synchrotron radiation scattering will be used during the
study.
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Nazov odboru: Fyzika/Physics

Nazov Studijného programu: Progresivne materialy/Advanced materials

Nazov dizertacnej prace: Studium Struktary neusporiadanych a kvazi-usporiadanych
kovovych zliatin pomocou rozptylu elektrénového a RTG
Ziarenia

Preparation and the study of the soft magnetic composites with
ferrite as an insulation part

Meno Skolitela: Ing. Vladimir Girman, PhD.
vladimir.girman@upjs.sk
https://www.upijs.sk/PF/zamestnanec/vladimir.girman/

Ndzov fakultného pracoviska Skolitela: Prirodovedeckd fakulta, Univerzita P. J. Safarika v Koiciach
Ustav fyzikdlnych vied,
https://www.upijs.sk/prirodovedecka-fakulta/pracoviska/ustavy-
pf/ufv/

Faculty of Science, P. J. Safarik University in KoSice
Institute of Physics,
https://www.upjs.sk/prirodovedecka-fakulta/pracoviska/ustavy-

pf/ufv/

Formu realizicie DS (dennd/externa): denna forma/full-time study

Anotacia témy dizertacnej prace:

Fazové prechody tuhych latok z neusporiadaného stavu do usporiadania komplexnych Struktdr s predmetom
modernych vyskumov. Vzdjomny vztah Struktiry vychodzieho a koneéného stavu usporiadania hra dolezitd ulohu
pri tvorbe novych faz, ktoré maju neobvyklé fyzikdlne a chemické vlastnosti. Zmeny externych podmienok fazovych
prechodov, napr. silné magnetické polia alebo extrémne prudké zmeny teplét, umoznuju velkd variabilitu findInych
vlastnosti tuhych latok. Témou dizertacnej prace bude Stidium atomarnej stavby a stability syntetizovanych faz vo
vybranych materialoch pomocou technik elektronovej a foténovej difrakcie, vo vztahu k ich vlastnostiam. V praci
JEOL 2100F UHR. Pre Uspesné zvladnutie prace vsak bude potrebné vyuzivat aj infrastruktiru centier elektronovej
mikroskopie a synchrotrénov v zahranici.

Phase transitions of solids from the disordered state to complex structures ordering are subject of modern research.
The relationship between initial and final structure state play an important role at forming of the new structures
having advanced physical and chemical properties. The variations of external conditions, e.g. strong magnetic fields
or extremal temperature changes, can substantially affect the final properties of solids as well. The main highlight
of dissertation thesis will be the study of atomic structure and stability of inducted phases of promising advanced
materials in relation to their properties, employing electron and X-ray diffraction techniques. The experimental
approach, using transmission electron microscope JEOL 2100F UHR, will be emphasized. However, for successful
completing of dissertation thesis, it will be necessary to carry out experiments at electron microscopy centres and
synchrotron facility abroad.
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Nazov odboru: Fyzika/Physics

Nazov Studijného programu: Progresivne materialy/Advanced materials

Nazov dizertacnej prace: Vyvoj vysoko - entropickych keramickych materidlov: modelovanie,
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Development of high — entropy ceramics: modelling, processing,
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Formu realizicie DS (dennd/externa): denna forma/full-time study

Anotacia témy dizertacnej prace:

Téma dizertacnej prace je zamerana na vyvoj a charakterizdciu novych vysoko-entropickych keramickych materialov
na baze ternarnych karbidov a nitridov s unikatnymi vlastnostami pri izbovych teplotach ako aj vysokoteplotnymi
vlastnostami. Tieto keramické materialy st uréené pre pracu a poutzitie v extrémnych podmienkach ako $pecifické
komponenty pre vesmirne aplikacie, vyhrevné elementy do peci, Ziaruvzdorné komponenty a pod., ktoré vyZaduju
excelentnd tepelnt stabilitu, supervysokd tvrdost a vyborné tribologické vlastnosti. Vyvoj tychto materidlov je
mozny iba aplikovanim modernych metdd modelovania, technologickych postupov (ako vysokoenergetické mletie
vstupnych praskov, ¢i spekanie v pritomnosti elektrického pridu) a pokrocilych metdd charakterizacie ich vlastnosti
(mikro/nano mechanické testy, tribologické testy, SEM, EBSD, TEM/HREM, AFM mikroskopia, oxidacné testy,
ablacné testy, testy odolnosti voci tepelnym Sokom). Hlavnhym zamerom je spravne pochopenie fyzikalnych
procesov jednak pre materialové vedy ako aj pre buduce inZinierske aplikacie. RieSenie prace prinesie systematické
studium vysoko-entropickych keramik na baze terndrnych karbidov a nitridov v takom rozsahu a natolko
komplexne, Ze sa daju ofakavat originalne vysledky v tejto oblasti materidlovych vied.

The dissertation work is focused on the development and characterization of High — Entropy Structural Ceramics
with improved room and high/ultra-high temperature properties suitable for extreme operating conditions in
different areas of industry. Systems based on ternary carbides and nitrides mixed in equimolar concentrations to
reach the maximum molar configurational entropy with structural order and chemical disorder will be developed
applying advanced modelling methods - numerical simulation, machine learning, etc., processing routes as high —
energy milling, spark plasma sintering or hot — pressing. The developed systems will be tested using advanced
methods as micro/nano — mechanical tests, tribology, strength/toughness tests, thermal shock, oxidation, ablation
tests, etc. and characterized by SEM, EBSD, TEM/HREM, AFM etc. The proposed dissertation work will put forward
a systematic study of high-entropy ceramics based on ternary carbides and nitrides in in the wide range and so
completely, that new original results in this field of material science can be expected.
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Anotacia témy dizertacnej prace:

Téma dizertaCnej prace je zamerand na novu perspektivnu oblast materidlového vyskumu - nanomechanické
skdSanie materialov. Nanomechanické skusanie vychadza z nanoindentaénych testov, priCom rozvoj metodik v
sucasnosti umozriuje vykonavat tlakové, tahové, ohybové skusky, ako aj inavové a creepove testy v nano a mikro
mierke, pricom je moziné Studovat vplyv velkosti a orientacie krystdlu na plastické spréavanie materidlov.
Analyzovanim tychto prejavov je moziné ziskavat nové poznatky zdkladného vyskumu o deformaénych
mechanizmoch, ¢o by bolo hlavnym predpokladanym prinosom dizertacnej prace. Ocakavame tiez prispevok k
vyvoju novych metodik skisania materialov na nano- mikro- Urovni.

A theme of dissertation thesis is aimed to relatively new prospective direction of materials research —
nanomechanical testing. The origin of most methods is based on nanoindentation testing, novel nano- and
micromechanical methods including compression, tension and bending tests as well as fatigue, creep and fracture
experiments performed on a very local scale or on small specimens have been applied to determine mechanical
and properties and investigation of the effects of size and crystal orientation on the strength and plasticity of
materials. Analyzing these behaviour it is possible to acquire new knowledge of fundamental research on
deformation mechanisms in advanced ceramics materials, which would be the main expected contribution of
dissertation thesis. We are also expected to contribute to the development of new nano-micro-scale testing
methods.
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Formu realizicie DS (dennd/externa): denna forma/full-time study

Anotacia témy dizertacnej prace:

Dizerta¢na praca bude orientovana na pripravu nano/mikrovlakennych systémov vyrobenych metédou bezihlového
elektrostatického zvlaknovania (electrospinnig) v kombinacii s modernymi post-spinningovymi technoldgiami, u
ktorych sa ocakava velky potencial v oblasti energetickych a environmentalnych aplikacii. O¢akavanym prinosom
prace je zodpovedanie vztahov medzi podmienkami pripravy, formovanim mikrostruktiry a vybranymi funkénymi
vlastnostami vyvijanych nanovldkien. Priom priprava danych materidlov vyZaduje znalosti anorganicke] a
analytickej chémie. Nové vlakenné systémy maju za ulohu modifikovat elektrodové a separatorové materialy v
modernych batériadch a tiez vyvinut material vhodny pre fotokataliticky aktivne membrény. Cielom prace je na
zéklade ziskanych vysledkov predikovat aplikacné moznosti studovanych materidlov v praxi.

Dissertation thesis will be oriented to the preparation of nano/microfiber systems produced by the needleless
electrospinning method in combination with modern post-spinning technologies, which are expected to have great
potential in the field of energy and environmental applications. The expected contribution of the thesis is to study
and explain the relationship between the preparation conditions, the microstructure formation and the selected
functional properties of the developed nanofibers. While the preparation of the given materials requires knowledge
of inorganic and analytical chemistry. The new fiber systems have the task of modifying electrode and separator
materials in modern batteries and also developing a material suitable for photocatalytically active membranes. The
aim of the thesis is also to predictthe application possibilities of the studied materials on the basis of the obtained
results.
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Anotacia témy dizertacnej prace:

Dizerta¢na praca bude zamerana na Studium faz, fazovych rovnovah a fazovych diagramov v systémoch pre vysoko-
teplotné aplikacie. Ma za ciel experimentalnymi metédami diferencidlnej termdlnej analyzy, rontgenovej difrakcie
a elektrénovej mikroskopie spresnit nejasnosti fazovych diagramov a preskimat nezname ¢asti zvolenych systémov
a nasledne semi-empirickou metédou Calphad namodelovat ich fazové diagramy a termodynamické vlastnosti.
Predmetom Studia budu terndrne systémy obsahujice hlavne Ziaruvzdorné kovy a bér ako zaklad materidlov
potencialne vhodnych pre dané vyuZitie. Vysledky dizertacnej prace umoznia rozSirenie moznosti dizajnu novych
materialov pre vysoko-teplotné pouzitie vypoctovymi metddami bez nutnosti asovo narocného experimentalneho
skdsania.

The work will be focused on the study of phases, phase equilibria and phase diagrams in the systems for high-
temperature applications. The aim is to refine the uncertainty of phase diagrams and to investigate unknown parts
of selected systems by experimental methods of differential thermal analysis, X-ray diffraction and electron
microscopy and subsequently to model their phase diagrams and thermodynamic properties using the semi-
empirical Calphad-method. The subjects of the study are ternary systems containing mainly refractory metals and
boron as the basis of materials potentially suitable for high-temperature use. The results of the thesis will allow
extending the possibility of designing new materials for high-temperature use by computational methods without
the need for time-consuming experimental testing.
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Vyvoj magnetronového napraSovania sa orientuje na technolégie s vyrazne vyS$Sim stupfiom ionizacie
odprasovaného materialu kvoli lepSej kontrole procesu depozicie a lepSim vyslednym vlastnostiam povlaku. Medzi
najznamejsie ionizované PVD (iPVD) technoldgie patri High Power Impulse Magnetron Sputtering (HiPIMS) a do
tejto kategdrie mozno zaradit aj relativne novu technoldgiu nazvanu High Target Utilization Sputtering (HiTUS).
Vysoka ionizacia plazmy je v pripade HiPIMS dosahovand kratkymi nizkofrekvenénymi pulzami s extrémne vysokou
hustotou vykonu, u HiTUSu vykonom na samostatnom plazmovom zdroji. Obsahom prdce je optimalizacia
parametrov depozicie tvrdych viackomponentnych karbidickych, boridickych a nitridickych povlakov z hladiska
kontroly ich elastickych a plastickych vlastnosti prostrednictvom uréenia zavislosti medzi jednotlivymi parametrami
depozicie, vlastnostami plazmy, Strukturou povlakov a ich mechanickymi a tribologickymi vlastnostami. Praca bude
realizovana na iPVD zariadeniach Cryofox Discovery (Polyteknik Dansko) a HiTUS C500 (PQL, UK) v kombinacii s
mikroskopickymi pozorovaniami na SEM a TEM a meraniami mechanickych vlastnosti.

The development of magnetron sputtering is oriented toward technologies with high ionization degree of the
sputtered material which provides better control of the deposition process as well as better coating properties. The
most famous ionized PVD is the High Power Impulse Magnetron Sputtering (HiPIMS) and the relatively new
technology High Target Utilization Sputtering (HiTUS) also belongs among these methods. High degree of ionization
is achieved in the case of HiPIMS by very short duty cycle impulses with extremely high power density whereas in
HiTUS by the power at an independent plasma source. The work should focus on the optimization of the deposition
parameters of hard multicomponent carbide, boride and nitride coatings from the viewpoint of the control of their
elastic and plastic properties by means of determination of dependencies among the deposition parameters,
plasma characteristics, coating structures and their mechanical and tribological properties. The work will be
performed on the iPVD systems Cryofox Discovery (Polyteknik, Denmark) and HiTUS C500 (PQL, UK) in combination
with the electron microscopy observations (SEM, TEM) and measurements of mechanical properties.
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Anotacia témy dizertacnej prace:

Moderné keramické povlaky pre ochranné vrstvy pre ultravysokymi teplotami st obvykle zloZené z prvkov tazkych
kovov s vysokou teplotou (Zr, Hf, Ru, W..) silne naviazanych na lahké prvky (bér, dusik, kyslik, uhlik s vodikom),
korych analyza je klasickymi kvantitativnymi analyzami ¢asto problematicka. Na stic¢asnu kvantifikdciu fahkych a
tazkych prvkov v takychto povlakoch je obvykle potrebnd kombinacia viacerych metdd. Na kontrolu chemického
zloZenia povlaku je vSak potrebna aj charakterizacia plazmy, z ktorej su povlaky nanasané. To znamenad, Ze na
uréenie vztahov medzi zloZzenim, Struktdrou a vlastnostami povlakov si potrebné in situ metddy charakterizacie
plazmy aj ndsledné ex-situ metddy na povlakoch. Téma prdce je zamerana na obe oblasti - in-situ optickd emisnu
spectroskopiou plazmy a naslednl opticki emisnl spectroskopiu v tlejivom vyboji (GDOES), Ramanovsku
spektroskopiu ako aj vinovo-disperzni (WDS) a energiovo-disperzni (EDS) spektroskopiou (pripadne aj RTG
fotoelektronovou spektroskopiou (XPS) and hmotnostnou spektroskopiou sekundarnych iénov (SIMS)) na
kvantifikaciu chemického zloZenia povlakov na baze karbidov a boridov s cieflom uréenia vztahov medzi zloZzenim
plazmy a Struktirou a vlastnostami povlakov. Merania plazmy budu realizované na existujucich iPVD zariadeniach
pomocou OES systému (Avantes, Holandsko) and Ramanovského mikroskopu (XploRa, Horiba, France), GDOES
(GD2, Horiba, France) ako aj na EDS and WDS (Oxford, UK) na rastovacich elektronovych mikroskopoch. Rozsirenie
skimanych metdd o XPS a SIMS bude zavisiet od dodavky novych zariadeni.

The advanced ceramic coatings for ultrahigh temperature applications consist of high melting point and heavy (Zr,
Hf, Ru, W..) metallic elements strongly bonded with light elements (boron, nitrogen, oxygen, carbon with hydrogen)
which result in difficulties in quantitative analysis when using conventional chemical methods. Usually, a
combination of several analytical methods is necessary to obtain quantitative characterization of both light and
heavy elements at the same time in the resulting compounds. However, the control of the coating composition
requires also the control of the plasma composition during the deposition. Thus, the in situ methods of plasma
composition should be combined with the methods applied to the coatings to determine the relationships
controlling their chemistry, structure and properties. The work should employ both in-situ optical emission
spectroscopy for the plasma control with the ex-situ glow discharge optical emission spectrocopy (GDOES), Raman
spectroscopy as well as energy and wavelength disperse electron spectroscopy (and potentially also X-ray
Photoelectron Spectroscopy (XPS) and Secondary lon Mass Spectrocopy (SIMS)) methods on the carbide and boride
based coatings for quantification of their chemistry to establish the correlations between the plasma characteristics
and their structure and properties. The plasma study will be performed on the existing iPVD systems using OES
system (Avantes,The Netherlands) and Raman microscope (XploRa, Horiba, France), GDOES (GD2, Horiba, France)
as well as on the EDS and WDS (Oxford, UK) attached to the scanning electron microscopes. The introduction of
new XPS and SIMS facilities is also anticipated.
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Anotacia témy dizertacnej prace:

Prica je zamerand na detailné sStadium procesov napatovych a deformacénych stavov pri instrumentovanej
nanoindentacii, vrypovych a tribologickych skuskach v kompozitnych povlakovanych systémoch pomocou
modelovania metddou konecnych prvkov (Finite element Modelling - FEM), vratane rozsireného FEM (extended
FEM) a modelu kohéznej zény (Cohesive Zone Model — CZM) a naslednej experimentalnej verifikacii. Praca bude
orientovana na tenké povlaky na podlozkéch s roznymi mechanickymi vlastnostami. Cielom je pochopenie detailov
poruSovania tenkych povlakov v zavislosti od podmienok zataZovania ako aj optimalizacia podmienok merania
jednotlivych mechanickych a tribologickych vlastnosti Studovanych povlakov.

The work is focused on a detail study of the processes of stress and deformation states during instrumented
nanoindentation, scratch and tribological tests in the coated composite systems using finite element modelling
(FEM) externded FEM (xFEM) and Cohesive Zone Model (CZM) methods and subsequent experimental verification.
The work will be performed on thin coatings on substrates with different mechanical properties. The aim is to
understand the details of damage mechanisms in coatings in dependence on the loading conditions as well as the
optimization of the conditions for the measurement of the mechanical properties and tribological properties of the
studied coatings.
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lektrokatalyticka reakcia vyvoja vodika (HER) v ramci Stiepenia vody sa povaZuje sa zelenu technoldgiu na vyrobu
vodika s vysokou Cistotou a vynosom. Pocas celého procesu vyvoja vodika zohravaju elektrokatalyzatory klftcovu
Ulohu. Dokonaly elektrokatalyzator by mal mat jednoduchy proces syntézy pre aplikaciu vo velkom meradle, lacné
suroviny na zniZzenie ndkladov a vynikajuci elektrochemicky vykon na zvySenie produkcie H2. V sicasnosti Pt a
zliatiny na baze Pt predstavuju najlepsi HER vykon v porovnani s inymi katalyzatormi, avSak vysoka cena, nizky vyskyt
a horsia dlhodoba stabilita brania ich Sirokému pouZitiu. Medzi neplatinové elektrokatalyzatory sa povazuju sulfidy
prechodnych kovov ako vyhodni kandidati pre nahradenie katalyzatorov na baze Pt. Za vyhodu sa povazuje nizka
cena, lahka priprava a dobré stabilita. Okrem toho HER aktivita tychto sulfidov kovov sa méze dalej zlepsit
zavedenim dalSieho kovu pre vytvorenie binarnych sulfidov kovov alebo zaclenenim kovovych sulfidov do
uhlikovych vldkien. Dizerta¢nd praca bude zamerana na pripravu elektrédovych materidlov na baze Cistych mono a
bimetalickych sulfidov a uhlikovych vldkien modifikovanych tymito sulfidmi. ZlepSenie Strukturalnej stability
binarnych sulfidov kovov bude hlavnou poZiadavkou praktickej aplikacie pre elektrolyzéry a palivové ¢lanky.

Electrocatalytic hydrogen evolution reaction (HER) by water splitting is a green and promising technology to
generate hydrogen with high purity and high yield. During the whole HER Process, the electrocatalysts play a key
role in hydrogen production. The perfect electrocatalyst should possess facile synthesis process for large-scale
application, cheap raw materials to cut cost, and outstanding electrochemical performance for increasing H2
production. Currently, Pt and Pt-based alloys present the best HER performance compared with other catalysts,
however, the high price, low crustal abundance and inferior long-term cycle stability impede their widespread
application. Among these non-precious electrocatalysts, transition metal sulphides are expected to be the
candidates for replacing the Pt-based catalysts due to their low cost, facile preparation and good stability.
Moreover, the HER activity of these metal sulphides can be further improved through introducing other metal
species to form binary metal sulphides or incorporate the metal sulphides to the carbon fibers. Dissertation work
will be focus on the preparation of electrode materials based on pure mono and bi-metallic sulphides and carbon
fibers modify by these sulphides. Improving the structural stability of binary metal sulphides will be leading the
practical application requirement for electrolysers and fuel cells.
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Anotacia témy dizertacnej prace:

Hlavnym cielom prace je popisat metddy, ktorymi sa do oceli privddza vodik, vyvolat skrehnutie a analyzu lomovych
ploch. Na zédklade experimentov st merané charakteristiky danych materidlov, ktoré umoznuju vybrat najvhodnejsi
material pre potrebnu aplikaciu v praxi. TaktieZ je mozné testovat r6zne legury ¢i prisady, ktoré by ucinky vodika
znizovali alebo povlaky, ktoré by vnikanie vodika do materidlu zmensovali alebo Uplne zastavili. Vodikovanie a
nasledné mechanické skisky navodikovanych oceli nie su beZné, pretoZe vyZzaduju presné a drahé zariadenia, su
¢asovo ndrocné a taktiez nebezpecné, kedze vodik je vysoko reaktivny a vybusny. V sucasnosti existuje niekolko
tedrii (mechanizmov) vodikoveho krehnutia oceli, ktoré popisuju pric¢iny degradacie materialu vodikom. Tieto tedrie
vsak neplatia vSeobecne, jednotlivé dvahy boli vytvorené a popisuju vodikovld krehkost len pre konkrétne
podmienky a za inych mozu v popise zlyhavat.

The main objective of the work is to describe the methods by which hydrogen is introduced into steels, to induce
embrittlement and to analyse fracture surfaces. On the basis of the experiments, the characteristics of the materials
in question are measured, allowing the selection of the most suitable material for the necessary application in
practice. It is also possible to test different alloys or additives that would reduce the effects of hydrogen or coatings
that would reduce or completely stop the ingress of hydrogen into the material. Hydrogenation and subsequent
mechanical testing of induced steels is not common as it requires precise and expensive equipment, is time
consuming and also dangerous as hydrogen is highly reactive and explosive. Currently, there are several theories
(mechanisms) of hydrogen embrittlement of steels that describe the causes of material degradation by hydrogen.
However, these theories are not universally valid; individual accounts have been developed and describe hydrogen
embrittlement only for specific conditions and may fail in their descriptions under others.
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Anotdcia:

Magneticky makké kompozity (MMK) na baze Zeleza su predmetom intenzivneho vyskumu vzhladom na ich
vynikajuce magneticky makké vlastnosti, vratane vysokej saturacnej magnetizacie, nizkej koercivity, vysokého
elektrického odporu, trojrozmerné (3D) izotropné feromagnetické spravanie a nizke jadrové straty. Velké mnozstvo
dnesnych modernych zariadeni (napr. nabijacky mobilnych telefénov, pocitacov, hybridnych automobilovych
hnacich systémov) vyuZivaju magnetické jadra na baze MMK. MMK sa vyrabaju technoldgiou praskovej metalurgie.
Videalnom pripade predstavuju systém elektricky izolovanych magnetickych castic, pricom je vyhodné ak je
izolacna vrstva tiez magneticky makky materidl. PhD praca je zamerana na stidium MMK pripravovanych praskovou
metalurgiou, technoldgiou s ktorou ma Oddelenie materidlovej fyziky dlhoro¢né skisenosti. P6jde najma o studium
sUvisu parametrov pripravy MMK s ich Struktiru a magnetickymi vlastnostami. Detailne budeme Studovat vplyv
zloZenia, rozmerovej distribucie a tvaru vychodzich praskov kompozitu ako aj parametrov predspracovania zloZiek
kompozitu, lisovania a procesov spekania v riadenej atmosfére. Prasky a mikrostruktura pripravenych kompozitov
budu charakterizované na zariadeniach OMF metédami laserovej granulometrie, RTG difrakcie, optickej
a elektrénovej mikroskopie. Magnetické vlastnosti kompozitov budi merané na zariadeniach UEF.

Iron-based soft magnetic composites (SMC) are the subject of intense research due to their excellent soft magnetic
properties, including high saturation magnetization, low coercivity, high electrical resistivity, three-dimensional
(3D) isotropic ferromagnetic behaviour, and low core loss. A large number of today's modern devices (e.g. chargers
of mobile phones, computers, hybrid car drive systems) use magnetic cores based on SMC. SMC are produced by
powder metallurgy technology. In the ideal case, SMC represent a system of electrically isolated magnetic particles,
while it is advantageous if the insulating layer is a magnetically soft material.

The PhD thesis is focused on the study of SMC prepared by powder metallurgy, a technology with which the
Department of Materials Physics has many years of experience. It will mainly be a study of the relationship between
the parameters of the preparation of SMC and their structure and magnetic properties. We will study in detail the
influence of the composition, size distribution and shape of the starting powders of the composite as well as the
parameters of the pre-processing of the components of the composite, pressing and sintering processes in a
controlled atmosphere. The powders and the microstructure of the prepared composites will be characterized at
the facilities of the Department of Materials Physics by the methods of laser granulometry, X-ray diffraction, optical
and electron microscopy. The magnetic properties of the composites will be measured on the devices of the
Institute of Experimental Physics.
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Anotdcia:

Dizertacna praca je zamerand na cielené ovplyviiovanie Struktdry a magnetickych vlastnosti nanokrystalickych
zliatin na baze 3-d kovov pomocou nekonvenénych technik tepelného spracovania. Planujeme pri tom pouzit
aparaturu na ultra-rychle Zihanie tenkych kovovych pasok skonstruovant na UEF SAV, ktora na rychly ohrev vyuziva
vopred predhriate masivne medené bloky pricom typické ¢asy Zihania su v rozsahu niekolkych sekind. V porovnani
s klasickymi technikami tepelného spracovania umoziiuje vysoka rychlost ohrevu v tomto zariadeni podstatne
rozdirit rozsah kompoziénych zloZeni, ktoré su edte schopné vytvarat nanokrystalickd $truktdru. Dalou
nekonvencnou technikou tepelného spracovania bude Zihanie vo vysokom magnetickom poli. Vo vybranych
systémoch zliatin sa zameriame na Studium zmien ich Struktdrnych a magnetickych vlastnosti. Hlavnym cielom
prace je zlepsSenie funkénych vlastnosti Studovanych materidlov pre ich potencialne aplikacie v technickej praxi.

The PhD thesis is focused on the employment of unconventional techniques of thermal processing in order to tailor
the structural and magnetic properties of nanocrystalline alloys based on 3-d metals. We plan to use facility for
ultra-rapid annealing of thin metallic ribbons constructed recently at IEP SAS. In this facility, the annealed samples
are clamped between pair of the pre-heated massive Cu-blocks and typical annealing times take few seconds. High
heating rates and much shorter processing times as compared to conventional annealing allow extend the
composition interval where the annealed samples are still capable to form nanocrystalline structure. The other
technique of thermal processing in this work is the annealing in a presence of high magnetic fields. We plan to
perform a detailed study of structural and magnetic properties of selected alloy systems. The main goal of thesis is
improvement of functional properties of studied materials for potential technical applications.
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