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[1] M. Kulich, P. Kovag&, M. Hain, A. Rosova and E. Dobrocka, High density and connectivity
MgB2 filament made by internal magnesium diffusion technique, Sup. Sci. and Technology
29 (2016) 035004

[2] P. Kovag, I. HuSek, T. Melidek, L. Kopera and M. Kulich, Fast creation of dense MgB2
phase in wires made by IMD process, Sup. Sci. and Technology 29 (2016) 10LTO1
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cold isostatic pressing on the trasport current of flamentary MgB2 wire made by IMD, Sup.
Sci. and Technology 29 (2016) 075004

[4] B. Brunner, M. Reissner, M. Kulich and P. Kova¢, Magnetic studies of MgB2 prepared by
internal magnesium diffusion with various doping, IEEE Trans on Appl Sup (2016) Vol 26
No. 3 6201205

[5] P. Kovag, I. Husek, T. Melisek, M. Kulich and L. Kopera, Bending strain toleraces of
MgB2 conductors, Sup. Sci. and Technology 29 (2016) 045002

[6] P. Kovag, |. Husek, M. Kulich, J. Kovag, T. MeliSek and L. Kopera, MgB2 wires with Ti
and NbTi barrier made by IMD process, Cryogenics 79 (2016) 74-78

[7] P. Kovag, |. Hudek, J. Kovag, T. Melisek, M. Kulich and L. Kopera, Filamentary MgB2
wires with low AC losses, IEEE Transactions on Applied Superconductivity, IEEE Trans on
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Appl Sup (2016) Vol 26 6200705

[8] P. Kovag, Book chapter ,Effects of mechanical load on Jc of MgB2 wires,“ in World
Scientific Series in Applications of Superconductivity and Related Phenomena: Volume 2,
MgB2 superconducting wires, Basics and applications”, ed. by R. Flukiger, World Scientific
2016, ISBN: 978-981-4725-58-3, p. 439-454.

[9] J. Kovac, Book chapter ,AC losses in MgB2 wires,” in World Scientific Series in
Applications of Superconductivity and Related Phenomena: Volume 2, MgB2
superconducting wires, Basics and applications”, ed. by R. Flukiger, World Scientific Sept
2016, ISBN: 978-981-4725-58-3, p. 419.
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[1] B. Brunner, P. Kovag, A. Rosova, M. Reissner and E. Dobro¢ka, Properties of MgB2
wires doped with BaZrO3 nanopowder made by modified internal magnesium diffusion
process, Sup Sci and Technology 30 (2017) 115003

[2] B. Brunner, P. Kovag, M. Reissner and E. Dobro¢ka, Effect of Dy203 doping on
superconductor formation and enhanced properties of MgB2 wires made by modified
internal magnesium diffusion method, Sup Sci and Technology 30 (2017) 25004

[3] A. Rosova, M. Kulich, P. Kovag, B. Brunner, J. Scheiter, W. Haliler, The effect of B
powder on microstructure of MgB2 filaments prepared by modified internal magnesium
diffusion technique, Sup Sci and Technology 30 (2017) 055001

[4] P. Kovag, M. Kulich L. Kopera, T. MeliSek: Behaviour of filamentary MgB2 wires loaded
and unlodad by tensille stress, Sup Sci and Technology 30 (2017) 065006

[5] I. Husek, P. Kovag, T. Melisek, L. Kopera, A. Rosova and B. Szundiova Superconducting
MgB2 wires with Vanadium diffusion barrier, Sup Sci and Technology 30 (2017) 105008

[6] P. Kovag, M. Balog, I. HuSek, L. Kopera, P. Krizik, A. Rosova, J. Kovac, M. Kulich and
and M. Caplovi¢ova, Properties of Al-AI203 metal matrix composites aimed for low
temperature applications, Cryogenics 87 (2017) 58-65.

[7] P. Kovag, |. Hudek, T. Melisek, M. Kulich, A. Rosova J. Kovaé, M. Balog, L. Kopera, and
P. Krizik and L. Orovcik: Lightweight Al stabilized MgB2 conductor made by IMD process,
Sup Sci and Technology 30 (2017) 115001

[8] L. Kopera, P. Kovag¢, M. Kulich T. MeliSek, M. Rindfleisch and |. HuSek: Critical currents
of Rutherford MgB2 cables wires compacted by two-axial rolling, Sup Sci and Technology
30 (2017) 015002

2018:

[1] P. Kovag, |. Hudek, A. Rosova, M. Kulich, T. Melidek, L. Kopera, J. Kova¢, M. Balog and
P. Krizik: Ultralight superconducting wire based on Mg, B, Ti and Al, Scientific Reports 8
(2018) 11229

[2] P. Kovag, I. Husek, M. Kulich, J. Kovag, T. MeliSek, L. Kopera, N. Perez, W. Haessler, M.
Balog, P. Krizik D. Berek, MgB2 wires with Al-Al203 sheath of variable purity and Al203
content, Sup Sci and Technology 31 (2018) 085003

[3] P. Kovag, |. Hudek, T. Melisek, M. Kulich, J. Kovac, L. Kopera and W. Pachla, Properties
of multicore MgB2 wire with Ti barrier and reinforced Al sheath, Sup Sci and Technology 31
(2018) 095006

[4] M. Balog, A. Rosova, L. Orovcik, B. Szundiova, P. Krizik, P. Svec Jr., M. Kulich, L.
Kopera, P. Kovag, I. Husek, A. M. Hassan, The effect of annealing at 595 — 655 °C on the
microstructure, mechanical and electrical properties of HITEMAL, thermally stabile and
lightweight Al+AI203 material for outer sheath of MgB2 superconductor wire, Materials and
Design 157 (2018) 12-23

[5] Balog M, Kovac P, Krizik P, Rosova A, Orovcik L, Kulich M, Husek |, Kopera L, Svec P,
Powder metallurgy fabricated in-situ Al-AI203 composite (HITEMAL) as a sheath material of
MgB2 based superconductive wire, 2018 World Congress on Powder Metallurgy (2018) p.
974

[6] A. Rosova, . HuSek, M. Kulich, T. Melisek, P. Kovag, E. Dobro¢ka, L. Kopera, J.
Scheiter, W. HaRler Microstructure of undoped and C-doped MgB2 wires prepared by
internal magnesium technique using different B powders, J of All and Compounds 764
(2018) 437-445

[71 P. Kovag, L. Kopera, T. Melisek, M. Hain, J. Kovag, M. Kulich, I. HuSek, Rutherford cable
made of IMD MgB2 wires sheathed with Al-AI203 particulate metal matrix composite, Sup
Sci and Technology 31 (2018) 015015

[8] A Cubero, E Martinez, R. Navarro, P. Kovag, L. Kopera and M. Rindfleisch, Quench
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dynamics in MgB2 Rutherford cables, Sup Sci and Technology 31 (2018) 045009

[9] J. Kovag, M. Kulich, L. Kopera and P. Kovag, AC losses of Rutherford MgB2 cables
made by PIT and IMD process, Sup Sci and Technology 31 (2018) 125014

Konferencie — 2018:

[10] P. Kovag, |. HuSek, T. Melisek, L. Kopera, J. Kovag, M. Kulich, A. Rosova, M. Balog and
P. Krizik, Towards the ultra-lightweight superconductor based on Mg, Ti and Al, Sept 3 -7,
ICEC/ICMC2018, Oxford UK.

[11] P. Kovag, |. Husek, T. Melisek, L. Kopera, J. Kovag, M. Kulich, A. Rosova, M. Balog and
P. Krizik, The lightest superconducting wire based on Mg, B, Ti and Al, Sept 26 -28,
MSE2018 Darmstadt, Germany.

[12] Balog M, Kovaé P, Krizik P, Rosova A, Orovéik L, Kulich M, Hu$ek |, Kopera L, Svec P,
Powder metallurgy fabricated in-situ AlI-AlI203 composite (HITEMAL) as a sheath material of
MgB2 based superconductive wire, Sept 16-20, 2018 World Congress on Powder
Metallurgy, Beijing Chine.

[13] GelusSiakova, B., Balog, M., Rosova, A., Orovcik, L., Krizik, P., Svec, Jr., P,.Kovag, P.,
Husek, 1., Kulich, M., Kopera, L. Vplyv vysokoteplotného zihania na mikrosStrukturu a
vlastnosti tvrdeného hlinika, JEOL TEM Users Meeting 2018, Dec. 12, Praha

Patenty:

[14] Balog, M., Krizik, P., Kovag, P., Husek, |., Kopera, L., Rosova, A.: Supravodi¢ na baze
MgB2 s pladtom na baze Al a spdsob jeho vyroby. PP50037-2017.

[15] PCT/IB2018/053540, 19 May 2018, SUPRAVODIC NA BAZE MGB 2 S PLASTOM NA
BAZE AL A SPOSOB JEHO VYROBY, Patent: PCT/IB2018/ISA/220 — Development of
MgB2 wire with an aluminium stabilizer.

Uplatnenie vysledkov projektu

Celkova hmotnost MgB2/Ti/Al+AI203 supravodica je v porovnani s typickym MgB2/Nb/Cu
drétom rovnakych rozmerov az 2.5 krat nizsia a radovo niZSia v porovnani s ostatnymi
vysoko-teplotnymi a nizko-teplotnymi supravodi¢mi. Tento fakt jasne naznacduje aj
potencialne vyuzitie najfahSieho MgB2/Ti/Al+Al203 supravodivého drdtu v porovnani s
ostatnymi. Vyvinuty ultralahky MgB2 drét spifia poziadavky na elektrické a mechanické
vlastnosti pre vyuzitie v systémoch vyZadujucich aj nizku hmotnost' systému (veterné
turbiny, vykonné elektrické motory a tieZ kozmické aplikacie ako aktivne tienenie a pro-
pulzné pohony.

Pouzitie vonkajSieho obalu na baze Al poskytuje aj vyhodu tenkych izolaénych Al203 vrstiev
(3-15 uym) pomocou elektrickej oxidacie. Takéto vrstvy maju vysoku tepelnu odolnost pri
Zihani a tiez dobru tepelnu vodivost. To umozriuje konstruovat supravodivé cievky na-
vinuté pred zihanim (,Wind & React®), t.j. vinutia malych priemerov a s vysokym plnenim
generujuce vysoké magnetické polia v minimalizovanych objemoch.

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

Dosiahli sme hlavny ciel projektu - najfah$i supravodic¢ s vysokymi pradovymi hustotami.
Jeho realizacia sa podarila tym, Ze sme najlah$iu supravodivu fazu MgB2 (s 2.55 gcm- 3)
pouzili v kombinécii s najlahSimi moznymi kovmi pre difuznu bariéru (Ti - 4.5 gcm-3) a pre
tepelnu stabilizaciu HITEMAL (Al - 2.7 gcm-3).

K realizacii najlfahsieho supravodivého drdtu vyrazne prispel nami realizovany rychly proces
infiltracie a difuzie Mg do vrstvy béru a tvorba MgB2 fazy s vysokymi prudovymi hustotami s
minimom prasklin a tiez k obmedzenou interakciou medzi Ti a Al.

Nové a zaujimavé vysledky vznikli Stidiom tvarnych, elektrickych a tepelnych vlastnosti
Al+AI203 materialu (HITEMAL), ktory vyvinul €iste na kon$trukéné vyuzitie UMMS SAV.
Ukazalo sa, ze HITEMAL je mozné tvarnit' s velkym pretvorenim bez Zihania a pritom je 3-
6x pevnejsi ako Cisty hlinik. Obsahom AI203 fazy sa daju ovplyviiovat mechanické
vlastnosti HITEMALU ako aj jeho elektricka aj tepelna vodivost’ pri nizkych teplotach (4-
30K). Toto vSetko umoznilo pouzit HITEMAL na mechanicku a elektricku stabilizaciu MgB2
supravodi¢a metdédou rychlej infiltracie/difuzie Mg do béru.

Pouzitie vonkajSieho obalu na baze Al poskytuje aj vyhodu tenkych izolaénych Al203 vrstiev
(3-15 um) pomocou elektrickej oxidacie. Takéto vrstvy maju vysoku tepelnu odolnost pri
zihani a tiez dobru tepelnu vodivost. To umozriuje konstruovat supravodivé cievky na-
vinuté pred zihanim (,Wind & React®), t.j. vinutia malych priemerov a s vysokym plnenim
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generujuce vysoké magnetické polia v minimalizovanych objemoch.

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

We have realized the main aim of the project - the lightest superconductor with high current
densities. It was realized by successful combination of the lightest superconducting phase
(2.55 gcm- 3) with very light metals for diffusion barrier (Ti - 4.5 gcm-3) and for thermal
stabilization HITEMAL (Al - 2.7 gcm-3).

Apparent contribution to the project aim was made through our process of fast infiltration
and diffusion of Mg into the boron layer and consequent MgB2 phase creation having high
current densities, minimized micro-cracks and limited interaction between Ti and Al

New and interesting results raised from the studies of electrical and thermal properties of
Al+AI203 material (HITEMAL), which was developed by the UMMS SAV only for
mechanical purposes. It was shown that HITEMAL can be deformed with high deformation
without any intermediate treatment and its strength is 3-6x times larger than for pure
aluminium. The content of AI203 phase affects mechanical properties of HITEMAL as well
as its electrical and thermal conductivity at low temperatures (4-30K). All these facts allow to
use HITEMAL for effective mechanical and electrical stabilization of MgB2 superconductor
by the process of fast infiltration/diffusion of Mg into boron.
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