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DOBROCKA: Influence of iron substitution by selected rare-earth ions on the properties of
NiZn ferrite fillers and PVC magneto-polymer composites, AIP Advances, Volume 8, Issue
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Uplatnenie vysledkov projektu

Vysledky ziskané pri optimalizacii chemického zlozenia a technolégie pripravy skimanych
materialov ako aj zloZitejSich Struktur obsahujucich tieto materialy (kompozitov) maju
vyuzitie v Sirokom rozsahu aplikacii, ako napr. tienenie objektov proti neZiaducim vplyvom
rusivého elektromagnetického ziarenia v Sirokom rozsahu pracovnych frekvencii, senzory
rozli€nych fyzikalnych veli¢in (mechanické namahanie, teplota, vihkost prostredia,
magnetickeé pole a pod.), mikro-elektro-mechanické systémy (MEMS), biomedicinske
aplikacie (cielena distribucia lie€iv do tkaniv, magneticka hypertermia) a pod. V
spomenutych pripadoch je mozné na realizaciu praktickych rieSeni vyuZzit tradicné, rokmi
overené postupy, ale aj novy, neStandardny pristup v podobe netradi¢nych kombinacii
materialov a technolégii, konkrétne napr. spojenie feritovych magneticky aktivnych
kompozitnych materialov a vysokoteplotnych supravodicov, optické vlaknové senzory s
rozloZzenymi parametrami a pod.

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

V sulade so stanovenymi ciefmi bola v oblasti zdokonalenia technoldgie pripravy materialov
na baze substituovanych feritov pozornost zamerana na vyskum magneticky makkych
spinelovych nikelnatych, nikelnatozinoénatych a litnych feritov, resp. magneticky tvrdych
hexagonalnych barnatych a strontnatych feritov. Na zaklade velkého mnozstva vykonanych
experimentov a teoretickych analyz nameranych udajov sa da jednoznacne preukazat, ze
kvazistatické (ako napr. saturatna magneticka polarizacia, koercivita, remanentna
magneticka indukcia, poCiato¢na permeabilita, Curieho teplota a pod.) aj dynamické
(frekvencné spektra zlozZiek komplexnej permeability, resp. permitivity) elektromagnetické
vlastnosti pripravenych feritovych materialov je mozné relativne jednoducho a kontrolovane
ovplyvnovat prostrednictvom chemického zloZenia a tiez technologického postupu pri ich
syntéze (keramicka alebo roztokova metdda, teplota a €as sintrovania a i.) na zaklade
poznania suvislosti so Strukturalnymi vlastnostami (napr. mriezkova konstanta, velkost
krystalitov a pod.).

Bol tiez skumany vplyv zakladnej polymérnej matrice a kombinacie syntetizovanych feritov
pouzitych ako plniva do magneticky aktivnych kompozitov na vysledné &trukturalne, statické
a dynamické (vysokofrekven&né, aZ do oblasti mikrovin) elektromagnetické vlastnosti ako aj
fyzikalno-mechanické a reologické vlastnosti tychto kompozitov v réznych prevadzkovych
podmienkach, a pod. Vo v8eobecnosti bol preukazany vyrazny dosah koncentracie a druhu
pouzitého plniva na vysokofrekvencné elektromagnetické viastnosti. Potvrdil sa aj
nezanedbatelny vplyv typu matric a zloZenia vulkanizanych systémov na fyzikalno-
mechanické aj reologické vlastnosti pripravenych kompozitov.

Vysledky ziskané pocas pInenia uloh vyplyvajucich z ciefov projektu odkryvaju velmi sfubné
perspektivy pre dalSi rozvoj teoretickych poznatkov a taktieZ aplikacnych moznosti
materialov, ktoré su predmetom skumania v ramci tohto, ale aj inych suvisiacich projektov.
O opodstatnenosti zamerania vyskumu na elektromagnetické a iné fyzikalne vlastnosti
substituovanych feritov, magneticky aktivnych kompozitov a na ich pouZzitie v Standardnych
aj netradiCnych aplikaciach svedCi aj skutonost, ze vyznamna Cast ohlasov na publikované
vysledky sa tyka prave aplikacie ziskanych poznatkov na konkrétne technické rieSenia, ako
je napr. realizacia prototypov a optimalizacia navrhu magnetického plasta neviditelnosti,
optickych senzorov pre vyhodnocovanie vlastnosti prostredia (teplota, tlak, tah, krut,
elektrické a magnetické pole) na dialku, vratane optimalizacie metodiky spracovania
optickych signalov a pod.

Ako sucast’ zhrnutia vysledkov rieSenia projektu je potrebné spomenut’ aj iné dblezité
pridruzené (ale pre Uspesné spinenie stanovenych cielov neodmyslitelné) aktivity a vystupy,
ako napr. neustale zdokonalované programové vybavenie sliziace na riadenie na mieru
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prispésobenych experimentalnych aparatur pre automatizovany zber a spracovanie
nameranych udajov (vratane pokrocilého spracovania signalov) a neustale prebiehajuci
vyvoj klu€ovych hardwarovych komponentov, ktoré su nevyhnutnou sucastou tychto
experimentalnych zariadeni.

Medzi nemenej ddlezité vystupy projektu mozno zaradit' aj priamu aplikaciu ziskanych
poznatkov v pedagogickom procese (bakalarske, inzinierskeho aj doktorandské studium,
predmety ako napr. Aplikovany magnetizmus, Moderné materialy pre elektrotechniku a
pod.). Jednym z prinosov je moznost zapojenia Studentov do merania elektromagnetickych
vlastnosti novych, prave pripravenych materialov v ramci laboratérnych cviceni,
bakalarskych a diplomovych prac, ¢o pre nich méze byt pozitivnou motivaciou pre dalSie
Studium v oblasti elektrotechniky a materialového inZinierstva s perspektivou uplatnit sa vo
vede a vyskume.

Suhrn vysledkov rieSenia projektu a naplnenia ciel'ov projektu v anglickom jazyku
(max. 20 riadkov)

In accordance with the specified goals, in the field of improving the technology of
preparation of materials based on substituted ferrites, attention was focused on the research
of magnetically soft spinel nickel, nickel zinc and lithium ferrites, and/or magnetically hard
hexagonal barium and strontium ferrites. Based on a large number of experiments and
theoretical analyses of measured data, it can be clearly demonstrated that quasi-static (such
as saturation magnetic polarization, coercivity, remanent magnetic induction, initial
permeability, Curie temperature, etc.) and dynamic (frequency spectra of complex
permeability, or permittivity components) electromagnetic properties of the prepared ferrite
materials can be easily and controllably influenced by chemical composition and also by
their synthesis procedure (ceramic or solution method, sintering temperature and time, etc.)
based on knowledge of structural properties (e.g., lattice constant, crystallite size, etc.).

The influence of the basic polymer matrix and the combination of synthesized ferrites used
as fillers in magnetically active composites on the resulting structural, static, and dynamic
(high frequency, up to microwave) electromagnetic properties as well as physical-
mechanical and rheological properties of these composites under different operating
conditions was investigated, too. In general, a significant effect of the concentration and type
of filler used on the high-frequency electromagnetic properties has been demonstrated. The
significant influence of the type of matrices and the composition of vulcanization systems on
the physical-mechanical and rheological properties of the prepared composites was also
confirmed.

The results obtained during the performance of the tasks arising from the project objectives
reveal very promising perspectives for the further development of theoretical knowledge and
also the application possibilities of the materials that are the subject of research within this,
but also other related projects. The justification of the focus of research on electromagnetic
and other physical properties of substituted ferrites, magnetically active composites and
their use in standard and non-traditional applications is evidenced by the fact that a
significant part of the citations of published results concerns the application of obtained
knowledge to specific technical solutions, such as realization of prototypes and optimization
of invisibility magnetic shield cloak design, optical sensors for remote evaluation of
environmental properties (temperature, pressure, thrust, torsion, electric and magnetic field),
including optimization of optical signal processing methodology, etc.

As part of the summary of the project results, it is necessary to mention other important
associated (but inseparable for successful achievement of the goals) activities and outputs,
such as, e.g., continually improved software for the control of tailor-made experimental
systems for automated data acquisition and processing (including advanced signal
processing) and the ongoing development of key hardware components that are an
essential part of these experimental devices.

Equally important outputs of the project can include the direct application of acquired
knowledge in the educational process (bachelor's, engineering and doctoral studies,
subjects such as Applied Magnetism, Modern Materials for Electrical Engineering, etc.). One
of the benefits is the possibility of involving students in measuring the electromagnetic
properties of new, just prepared materials in laboratory exercises, bachelor’s, and master's
theses, which can be a positive motivation for further study in electrical engineering and
materials engineering with the perspective of applying themselves in science and research.
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