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Control Engineering
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» technology and interest in the creation of new structures, materials
» are characterized by a size of 1 nm - 100 nm in at least one dimension and a certain spatial
arrangement - spherical, needle, nanowires, nanotubes, nanocomposites and nanolayers

» SiO,, ZnO, TiO,, Fe,0,, MWCNT

» a big increase in the ratio of surface area to nanoparticle volume - affects most chemical and
physical bonds
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Magnetic liquid

» colloidal suspensions of magnetic particles nanometer size covered by a surfactant layer in a carrier liquid
» monodomain, paramagnetic - rotation of magnetic domains in the direction of an external magnetic field

W T Vedre o - e BT 50, mag. Nanoparticles - Fe;0,
' “=2" » Transformer oil
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Applications of Magnetic fluid

liquid seal
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Bohara, et al. RSC Adv. 2016, 6, 43989-44012



3. Study of breakdown in transformer oil
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Time evolution of the length and width of the plasma channel in transformer oil ITO 100 for different external pressures at
a given fault voltage. The electrode distance was 7 mm and the cathode electrode diameter was 0.6 mm

KUDELCIK, J., VARACKA, L., JAHODA, E., S. Poljak: Post-breakdown stages in transformer oil, European Physical Journal Applied
Physics Ro¢. 78 (2), 20801, 2017



[
@]
|

—e— |TO 100 5 5 _e
—a— 0,2% MF : ITO 100

0,2% MF, 20 mT '
—>— 1% MF

o—wv— 2% MF

—<— 2% MF, 20 mT

©

09]

\l

Breakdown voltage ( kV )

0;5 0;6
electrode distance ( mm )

0,2 0,3 0.4

Dependence of breakdown voltage on distance between electrodes
In transformer oil ITO 100 at the concentration of magnetic nanoparticles
(0.2%, 1% and 2%) without and with magnetic field.

KUDELCIK, J. - BURY, P. - KOPCANSKY, P. - TIMKO, M. 2010. Dielectric breakdown in mineral oil ITO 100 based
magnetic fluid. In: Physics procedia. Vol. 9, str. 78-81. Scopus, WoS (IF2011 = 0.45(Scopus)) (32 SCI citacii)



Polarizvana WVniitorna polarizacia
olejova molekula nanodastice
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— = B=0mT, E =20 kV/m

—~—B=200mT,B // E
—+—B=200mT,B _I_

................... ot Dependence of permittivity with a linear change of
the magnetic field to 200 mT (3.3 mT / min) for
different frequencies of the electric field.

10 100 1k 10k 100k iM
f(Hz)

Dependence of real permittivity on frequency from different
orientation of magnetic and electric field in magnetic fluid
EMG-909 (10 nm, 3.8% Fe;0,).

KUDELCIK, J. et al. 2017. Acta Phys. Pol. A. Vol. 131(4) 931-933. Scopus, WoS, (IF2017 = 0.802, CC Q4)



Comparison of dielectric and acoustic

spectroscopy
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Frequency dependence of the magneto-dielectric
effect at different orientations of the electric Influence of the magnetic field at 200 mT on the
and magnetic fields. change of acoustic attenuation for the

perpendicular and parallel orientation of MF on
the direction of propagation of the acoustic wave.

HARDON, S., KUDELCIK, J. et al. Romanian J. Phys. Vol. 64. 602 (2019) (IF 1.197, CC Q3)
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Liquid crystal
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SAW - surface acoustic wave
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Ao (dB/cm)
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Time (min)
Time dependence of the change in acoustic attenuation for jump
changes of the magnetic field to 200 mT at different temperatures.

KUDELCIK, J. et al, J Magn Magn Mater Vol 388 p. 28-34, (IF2015 = 2.357, CC Q2)



Step change of
the magnetic field
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Experimental data of changes in the acoustic attenuation for the step change
of the magnetic field to value 200 mT measured at various types of MF at temperatures 25 °C
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rate 2,2 mT/min) MF TECHNOL for frequency f = 13.3MHz (m 15C, e 20C, A 25C, * 30C).
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Time dependence of the change in acoustic attenuation for a) jump and b) linear change
of the magnetic field up to 200 mT for a temperature of 20 °C.

KUDELCIK, J. et al. 2017. Acta Phys. Pol. A. Vol. 131(4) 919. Scopus, WoS, (IF2017 = 0.802, CC Q4)



Anizotropy
- angle dependence

Taketomi’s theory
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KUDELCIK, J. et al. J Intel Mat Syst Stur Vol. 27(7) ~ concentrations of magnetic nanoparticles in MOGUL oil transformers.
p. 935-943, (IF2016 = 2.255, CC Q2)
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Anisotropy measurement of the acoustic attenuation (f = 12,6 MHz, B =
200 mT) in the 1% MF based MOGUL and the components a,; , a,, of

the Taketomi functions calculated for 20 °C.




Influence of magnetic field on

< functionalized carbon nanotubes
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Change of acoustic attenuation during a jump change of
the magnetic field to 200 mT in different samples.

KUDELCIK, J. et al, J Magn Magn Mat Vol. 503 (IF2020 = 2.002, CC Q2)
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Conclusion

» the dielectric and acoustic spectroscopy
» transformer oil and water based magnetic fluid
» MWCNT and ligiud crystal with magnatic naoparticle Fe;O,

» the structural changes by the magnetic field were detected
> stuctures 1 with concentration and U with temperature
» breakdown voltage
» magneto-dielectric effect
» acoustic attenuation

» anisotropy measurements -- the basic parameters of structures

» at temperatures higher than 30 °C the magnetic field had minimal effect
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