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Uplatnenie vysledkov projektu

Vysledky rieSenia cielov projektu publikované vo vyznamnych vedeckych ¢asopisoch a
prezentované na domacich a medzinarodnych konferenciach posluzia ako vychodisko pre
dalSi zakladny a aplikovany vyskum vo vyskumnych a vyvojovych instituciach na celom
svete. Publikované prace opisuju nové a inovativne postupy pri priprave kompozitnych
materialov, charakteristiku ich funkénych, najma magnetickych vlastnosti s ciefom umoznit
vyvoj materialov podla konkrétnych poziadaviek praxe s tym, ze oblast’ vyuzitia skimanych
materialov spadajuca do elektrotechnického priemyslu a biomedicinskych aplikacii sa moze
stale roz8irovat. Analyza magnetickych a dalSich vlastnosti skimanych materialov bola
vykonana na zaklade najnovsich poznatkov znamych z literatury a dalSich postupov, ktoré
boli vypracované pri rieSeni projektu a su pouzitelné aj v SirSom meradle pre analyzu
magnetickych vlastnosti magneticky makkych materialov. RieSenie uloh projektu priamo
napomahalo vzdelavaniu Studentov-buducich odbornikov v indtituciach podielajucich sa na
rieSeni cielov projektu na vSetkych stupnoch vzdelavania, najme doktorandskom stupni.
Vysledky projektu sa uplatnili v dvoch patentoch a v Zmluve o spolupraci spojenou s
vychovou postdoktoranda s WURTH Elektronik Gmbh.
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Suhrn vysledkov rieSenia projektu a naplnenia cielov projektu v slovenskom jazyku
(max. 20 riadkov)

V priebehu rieSenia ciefov projektu boli pripravené série modelovych vzoriek magnetickych
kompozitnych materialov na baze 3 d prechodnych prvkov a dielektrického spojiva
chemickymi metédami a metdédami praskovej metalurgie. Mnohé z tychto metéd boli novo
vyvinuté alebo inovované pola potrieb experimentov. Na tychto vzorkach boli vykonané
experimenty, ktorych vysledky po spracovani prispeli k objasneniu vplyvu fazovych rozhrani
na ich elektrické, magnetické a mechanické vlastnosti. Medzi najdolezitejSie vysledky patria
prispevky k objasneniu magnetického stavu a magnetizacné procesy pripravenych
kompozitov za réznych fyzikalnych podmienok. Ich vlastnosti boli optimalizované upravou
navrhu mikroStruktary a technolégie spracovania, aby sa zvysil potencial pre aplikaciu
materialu v elektrotechnike a biomedicinskych aplikaciach. Skusenosti ziskané pri vyskume
vlastnosti kompozitov boli zovSeobecnené vzhladom na moZnosti cieleného ovplyvnenia ich
funkénych vlastnosti V ramci projektu boli pouzité nové metédy pripravy vzoriek vratane
metdd upravy povrchov €astic mechanickymi a chemickymi metddami. Kolektiv rieSitefov
bol ako jeden z prvych, ktori uspesne pripravili kompozitny material s magneticky aktivnym
dielektrikom a jeho pozitivny vplyv experimentalne preukazali. Priprave tohto materialu
predchadzala inovativna priprava a detailny vyskum spravania sa tenkych vlakien a malych
Castic, ktoré sa stanu spojivom v kompozitnom materiali. Medzi pozoruhodné vysledky
mozno zaradit’ prispevok k objasneniu magnetizaénych procesov v striedavom
magnetickom poli vzhladom na magnetizacné straty, ktory vznikol rozSirenim poznatkov pri
premagnetovani v kvazistatickych poliach opisanych empirickym Steinmetzovym zakonom.
Sformulovany vztah ireverzibilnej permeability na premagnetizacné straty dava moznosti
chapania vzajomnej suvislosti veli€iny, akou je permeabilita a pre prax ¢asto pouzivanej
veliginy akou su straty. Dal$im vysledkom je objasnenie ulohy vnutornych
demagnetizacnych poli na magnetické vlastnosti pri premagnetovani v kvazistatickom i
dynamickom rezime. DéleZitym vysledkom je aj prispevok k vysvetleniu spravania
superspinového skla nanocastic na baze kobaltu. Spravanie nanocastic je priamo zviazané
s existenciou magnetokalorického javu a potvrdzuje, Ze nanosystémy s nerovnovaznou
spinovou dynamikou su z aplikaéného hladiska vhodné pre kryomagnetické aplikacie. V
nanokompozitoch na baze Fe a Gd nanocastic vnutri matrice sme ako prvi prestudovali
vnutornu Strukturu pomocou metdédy SANS a navrhli sme novy teoreticky model, ktory
umozfiuje odlidit nanoCastice vnutri porov od porovitej matrice. Analyza korelacii Struktury a
vlastnosti perovskitovej keramiky ukazala, Ze v pripade jemnej mikroStruktury je vysoka
hodnota dielektrickej permitivity désledkom obrovskej hustoty doménovych stien a polarnych
nanooblasti. Velky piezelektricky d33 koeficient hrubozrnnej keramiky je vysledkom
vysokého stuprfia usporiadania domén po polarizacii.

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

During implementation of the project goals, a series of model samples of magnetic
composite materials based on 3 d transition elements and dielectric binder, were prepared
by chemical and powder metallurgy methods. Many of these methods were newly
developed or innovated according to the requirement of experiments. The experiments were
carried out on these samples, which results after processing, helped to explanation of the of
phase interfaces effects on their electrical, magnetic and mechanical properties. The most
important results include contributions to the explanation of magnetic state and
magnetization processes of prepared composites under various physical conditions. Their
properties have been optimized by modifying of the design of microstructure and processing
technology to increase the potential for application the material in electrical engineering and
biomedical applications. The experience gained in the investigation of the properties of
composites has been generalized with regard to the possibility of targeted influence of their
functional properties. In the frame of the project new methods of sample preparation were
used including methods for treatment of particle surfaces by mechanical and chemical
methods. The team of researchers was one of the first to successfully prepare a composite
material with a magnetically active dielectric and experimentally demonstrated its positive
effect. The preparation of this material was preceded by an innovative preparation method
and detailed research into the behavior of thin fibres and small particles as a binder in the
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composite material. Among the remarkable results is the contribution to the explanation of
magnetization processes in alternating magnetic field on core losses, which arose from the
extension of knowledge concerning dc magnetization processes, described empirically by
Steinmetz law. The formulated relation of irreversible permeability with core losses gives the
possibility to understand the relationship between permeability and and core losses often
used quantity for a practice. Another result is to clarify the role of internal demagnetizing
fields on magnetic properties in dc and ac magnetic field. An important result is also the
contribution to the explanation of the superspin glass behavior of the cobalt-based
nanoparticles, which is directly linked to the existence of a magnetocaloric phenomenon and
confirms that nanosystems with non-equilibrium spin dynamics are suitable for cryomagnetic
applications. In nanocomposites based on Fe and Gd nanoparticles inside the matrix, we
first studied the internal structure using the SANS method and proposed a new theoretical
model that allows to distinguish nanoparticles inside the pores from the porous matrix.
Analysis of correlations of structure and properties of perovskite ceramics showed that in the
case of fine microstructure, the high value of dielectric permittivity is due to the enormous
density of domain walls and polar nano-regions. The large piezelectric d33 coefficient of
coarse-grained ceramics is the result of a high degree of alignment of domains after
polarization.
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