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1. ICMM CSIC Madrid, Spanielsko. Priprava vzoriek mikrodrétov s nizkou Tc.

2. UPV San Sebastian, Spanielsko. Priprava Heuslerovych mikrodrétov so spinovou
polarizaciou.

3. BUIK, Kaliningrad.Spolupraca pri $tudiu magnetokalorickych mikrodrétov

4. Universidad Oviedo, Spanielsko. Priprava a charakterizacia Heuslerovych nanodrétov.
5. Universidad de Cantabria, Santander, Spanielsko. Priprava a charakterizacia systému
RENIi5 (RE-vzacna zemina).

6. Dipartimento di Chimica e Chimica Industriale, University of Genova, Genova, Taliansko.
Priprava vzoriek na baze vzacnych zemin

7. Intermetallics and Non-Linear Optics Laboratory, Department of Physics, National
Institute of Technology, Tiruchirappalli, India. Priprava vzoriek a $tudium
magnetokalorického javu.

8. LPMMAT, Université Hassan ll-Casablanca, Faculté des Sciences Ain Chock, Maarif -
Casablanca, Moroko. Priprava vzoriek a $tudium magnetokalorického javu.

9. MFF UK Praha, Experimenty pomocou Mossbauerovej spektrometrie pri nizkych
teplotach a na jadrach 119Sn, Praha, Ceska republika

10. UT Federico Santa Maria, Valparaiso, Chile, Priprava a charakterizacia
rychlochladenych intermetalickych zliatin pre magnetokaloricky jav

11. Department of Physics, CAB-CNEA, CONICET, IB-UNCuyo, 8400 S. C. de Bariloche,
Argentina. Teoreticka interpretacia nameranych vysledkov.

Udelené patenty/podané patentové prihlasky, vynalezy alebo uzitkové vzory, ktoré su
vysledkami projektu

C. Garcia, P. Ibarra, R. Varga, METODO DE FABRICACION DE UNA ALEACION
MAGNETOCALORICA TBCO2EN FORMA DE CINTA PARA APLICACION EN
REFRIGERACION MAGNETICA, PCT prihlaska . PCT/CL2021/050018

Najvyznamnejsie publikacie (knihy, ¢lanky, prednasky, spravy a pod.) zhrnujuce
vysledky projektu — uvedte aj publikacie prijaté do tlace
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and Magnetic Materials, 514, 167233

19. M. Al Ali, P. Platko, V. Bajzecerova, S. Kmet, L. Galdun, A. Spegarova, R. Varga,
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memory nanowires array, Journal of Alloys and Compounds, 897 (2022), 163211
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Kapitola vo vedeckej monografii:

1. Jurc R., Frolova L., Kozejova D., Fecova L., Hennel M., Galdun L., Richter K., Gamcova
J., Ibarra P., Hudak R., Sulla I., Mudronova D., Galik J., Sabol R., Ryba T., Hvizdos L., Klein
P., Vargova Z., Varga R., Sensoric application of glass-coated magnetic microwires.,(2020)
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Pozvané prednasky:

1. R. Varga " Biomedical applications of glass-coated microwires" - IBCM, September 2017,
Kaliningrad, RF,

2. K. Richter, ,Dynamika doménovej steny a skyrmionov v tenkych magnetickych vrstvach®,
Slovenska magneticka spolocnost (SMAGS), 21.11.2017, Kosice, SR

3. M. Miglierini "Vyhodnocovanie Mossbauerovych spektier nanokrystalickych zliatin",
Workshop M&ssbauerova spektrometrie Heuslerovych slitin, 7.-9.11.2017, Praha, CR

4. M. Reiffers: Magnetocaloric effect in some alloys and compounds based on rare-earths.
Facultad de Cinecias, Universidad de Cantabria, 22.02.2019, Santander, Spanielsko

5. R. Varga: Heusler-based microwires and nanowires for SMART shape memory and
magnetocaloric applications. IBCM 2021 Virtual Conference, Svetlogorsk, RF August 29-
September 2, 2021.

6. L. Galdun: Heusler alloys: from micro to nanowires, KSF, Virtual Conference, Bratislava,
6. — 9. September 2021

7. M. Kladivova: Vlastnosti doménovej steny v bistabilnych mikrodrétoch, 25. KSF, Virtual
Conference, Bratislava, 6. — 9. September 2021

Uplatnenie vysledkov projektu

Vysledky projektu sa daju uplatnit’ (a uz sa aj uplatfiuju) pri vyvoji modrnych miniatarnych

bezkontaktnych senzorov teploty, tlaku, torzie, magnetického pola, polohy ako aj pri vyvoji

miniaturnych aktuatorov polohy, prediZzenia, teploty a pod. Vhodnym kombinovanim tvaru

materialu ( s vyuzitim javu tvarovej anizotropie) s magnetokalorickym javom, resp, s javom

tvarovej pamate je mozné vyvinut’ miniatirne SMART aktuatory, ktoré susamisebe aj

senzormi.

Membrany s Heuslerovymi nanodrétmi mézu byt vyuzité pri konStrukcii po&itaovych pamati
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typu "Race Track", nakolko sa vyzna€uju vysokou spinovou polarizaciou a paralelnym
usporiadanim nandrotov. Magnetokalorické Heuslerove nanodroty ako aj nanodréty s javom
tvarovej pamate mézu byt vyuzité pri konstrokcii miniatirnych aktuatorov polohy, predizenia
a teploty. Majuc tvar tenkého drdtu (a tym aj velku tvarovu anizotropiu), kombinuju v sebe
vSetky vyhody mikrodrétov s malymi rozmerni umoznujucimi konStrukciu SMART
nanoaktuatorov. Bolo tiez ukazané, Ze rychle chladenie ako metdda pripravy aj
intermetalickych zliatin je mozné vyuzit na vyrobu vysoko homogénnych zliatin pre
magnetokalorické aplikacie.

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

V sulade s cielmi projektu boli vyvinuté nové funkéné materialy, ktoré sa vyznacuju
vynimoénymi fyzikalnymi vlastnost'ami pre vyuzitie v senzoroch a aktuatoroch. Kombinaciou
nanokrystalickej Struktury s nastupom paramagnetického javu sme dosiahli vysoku citlivost
kritického pola na teplotu v oblasti teplét ludského tela, ktora bola vyuzita pri simulacii
merania teploty vnutri lebky skrz tithnovy implantat. Mikrodréty s velkou magnetostrikciou na
baze FeSiBP, kde fosfor zvySuje schopnost materialu vytvarat amorfna Strukturu sme vyuzili
pri merani deformacie drevenej preglejky ako aj pri modelovani detekcie osteomalacie v
zvieracich kostiach. Ukazali sme, Ze vplyvom vyrobného procesu sa v sklom potiahnutych
mikrodrétoch indukuje kolma anizotropia, ktora ma za nasledok zavislost magnetizacnych
procesov od axialnej rotacie drbtu za pritomnosti kolmého magnetického pola.

Boli identifikované zmeny v geometrickych parametroch doménovej steny ovplyvriujuce jej
dynamiku pri pohybe pozdiz bistabilného mikrodrotu a tieZ pri jej uvolfiovani z jeho koncov.
Tiez sme sa sustredili na charakterizaciu Strukturnych a magnetickych viastnosti novych
typov amorfnych kovovych skiel na baze Zeleza pomocou 57Fe a 119Sn Mossbauerovej
spektrometrie aj s vyuzitim dopredného jadrového rozptylu synchrotronového Ziarenia.
Vyvinuli sme novu triedu sklom potiahnutych Heuslerovych mikrodrotov na baze Ni-Fe-Ga,
ktoré sa vyznacuju magnetokalorickym javom. Tieto mikrodréty sa daju vyrabat’ s vysokou
presnost’ou poZadovaného chemického zloZenia, o umoznuje ladit’ Strukturny a magneticky
prechod za u€elom zvySenia magnetokalorického javu. Ukazali sme, Ze mikrodrét na baze
Ni54Fe19Ga27 savyznacuje dvakrat vy$Sim magnetokalorickym javom v oblasti izbovych
teplot v dosledku toho, ze Strukturna transformacia aj Curieho teplota sa prekryvaju.
Specificky tvar tenkého drotu spolu s tvarovou anizotropiou a Specifickou Strukturou
martenzitickej fazy vadu poc€as Strukturnej transformécie k zmene smeru lahkej
magnetizacie a tym aj k obrovskej zmene (>1200%) pociato&nej permeability. To sa da
vyuzit na presné meranie teploty a na konstrukciu SMART aktuatorov teploty, ktoré vedia
teplotu nielen menit, ale aj merat. Tvar drétu spolu s relativne malym polom nasytenia
umoznuju zvySenie efektivity magnetokalorického javu v nizkych poliach, ¢o je zvlast
vyhodné pri praktickych aplikaciach.

Ukazali sme, Ze mikrodréty na baze Co-Fe-X (X=Ga, Ge, Si, In, Sn) sa vyznacuju vysokou
spinovou polarizaciou, velkym magnetickym momentom, vysokou Curieho teplotou a vdaka
svojmu tvaru aj dobre definovanou jednoosou anizotropiou. To su nevyhnutné pozZiadavky
na material pre spintroniku. Elektrodepoziciou je mozné vyrobit membrany paralelnych
nanodrétov, ktoré sa v pripade Co-Fe-Sn nanodrétov vyznacovali 100% spinovou
polarizaciou. Takéto materidly su vhodné na kon$trukciu pamati typu Race Track.

Vybrané mlkrodréty na baze Ni-Mn-X, Ni-Fe-X, Fe-Mn-X (X=polokov) sa vyznacuju
Strukturnou transformaciou spojenou so zmenou mriezkovych parametrov, ¢im su vhodné
pre aplikacie v miniaturnych aktuatorov polohy, alebo prediZzenia. V niektorych pripadoch je
mozné pripravit mikrodrét, ktory sa pozdiz svojej dizky vyznaguje monokrystalickou
Strukturou s vhodne orientovanymi kryStalografickymi osami. Takéto dréty sa potom
vyznacuju velkou zmenou rozmerov (4%) pocas Strukturneho prechodu bez potreby
dodatocného tepelného spracovania, resp. tréningu. Sucasne, so zmenou Struktury sa meni
aj smer lahkej magnetizacie a poc€iatona permeabilita, ¢o sa da vyuzit na detekciu fazy a
tym aj predizenia v SMART miniatGrnych aktuatoroch.

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

In line with the project's objectives, new functional materials have been developed that have
exceptional physical properties for use in sensors and actuators. By combining the
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nanocrystalline structure with the onset of the paramagnetic phenomenon, we achieved a
high sensitivity of the critical field to temperature in the human body temperature range,
which was used to simulate the measurement of the temperature inside the skull through a
titanium implant. We used microwires with large magnetostriction based on FeSiBP, where
phosphorus increases the glass forming ability of the material, in measuring the deformation
of wooden plywood as well as in modeling the detection of osteomalacy in animal bones.
We have shown that due to the manufacturing process, perpendicular anisotropy is induced
in the glass-coated microwires, which results in the dependence of the magnetization
processes on the axial rotation of the wire in the presence of a perpendicular magnetic field.
Changes in the geometric parameters of the domain wall have been identified, affecting its
dynamics as it moves along the bistable microwire and also its depinning from the ends of
the wire.

We also focused on the characterization of the structural and magnetic properties of new
types of amorphous iron-based metallic glasses using 57Fe and 119Sn Mdssbauer
spectrometry, also using forward nuclear scattering of synchrotron radiation.

We have developed a new class of glass-coated Heusler microwires based on Ni-Fe-Ga,
which are characterized by a magnetocaloric phenomenon. These microwires can be
manufactured with high precision of the required chemical composition, which allows one to
tune the structural and magnetic transition in order to increase the magnetocaloric
phenomenon. We have shown that the Ni54Fe19Ga27-based microwire is characterized by
twice as high a magnetocaloric phenomenon in the room temperature range due to the fact
that the structural transformation and the Curie temperature overlap. The specific shape of
the thin wire, together with the shape anisotropy and the specific structure of the martensitic
phase, lead to a change in the direction of easy magnetization axis and thus to a huge
change (> 1200%) of the initial permeability during the structural transformation. This can be
used to accurately measure temperature and to design SMART temperature actuators that
can not only change temperature but also measure it. The shape of the wire together with
the relatively small field of saturation make it possible to increase the efficiency of the
magnetocaloric phenomenon in low fields, which is particularly advantageous in practical
applications.

We have shown that microwires based on Co-Fe-X (X = Ga, Ge, Si, In, Sn) are
characterized by high spin polarization, high magnetic moment, high Curie temperature and,
thanks to their shape, well-defined uniaxial anisotropy. These are essential material
requirements for spintronics. By electrodeposition it is possible to produce membranes of
parallel nanowires, which in the case of Co-Fe-Sn nanowires were characterized by 100%
spin polarization. Such materials are suitable for the construction of Race Track type
memories.

Selected microwires based on Ni-Mn-X, Ni-Fe-X, Fe-Mn-X (X = semi-metals) are
characterized by a structural transformation associated with a change in lattice parameters,
making them suitable for applications in miniature position actuators or extensions. In some
cases, it is possible to prepare a microwire that is characterized by a monocrystalline
structure along its length with suitably oriented crystallographic axes. Such wires are then
characterized by a large change in dimensions (4%) during the structural transition without
the need for additional heat treatment or training. At the same time, as the structure
changes, so does the direction of easy magnetization axis and the initial permeability, which
can be used to detect the phase and thus the elongation in SMART miniature actuators.
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