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Predslov

Tento zborník abstraktov sumarizuje príspevky, ktoré odzneli na konferencii „Funkčné
kompozitné  materiály  2024“.  Konferencia  bola  organizovaná  na  Ústave  materiálového
výskumu SAV, v.v.i. v Košiciach v spolupráci s Ústavom geotechniky SAV, v.v.i a Ústavom
fyziky PF UPJŠ.

Cieľom konferencie bolo vytvoriť platformu pre multidisciplinárnu diskusiu na tému
modelovania,  metód  prípravy  a  charakterizácie  štruktúry  a  vlastností  progresívnych
funkčných  materiálov  a  kompozitov  so  špecifickými  fyzikálnymi,  chemickými  a
biologickými vlastnosťami. 
 Špecifickým  cieľom  aktuálneho  ročníka  konferencie  bolo  prepojenie  pracovísk,  ktoré
vyvíjajú  aktivity  v  oblasti  výskumu  a  vývoja  mechano-chemických  procesov  ako  aj
tradičných aj progresívnych metód hodnotenia štruktúry a vlastností, získaných práškových
kompozitných materiálov. V tomto smere bola jednoznačná spoluúčasť ÚGT SAV, v.v.i. ako
pracoviska, ktoré sa dlhodobo venuje výskumu v oblasti mechano-chémie ako aj UPJŠ, ktorá
sa dlhodobo venuje príprave nanopráškových častíc pre medicínske aplikácie pod vedením
doc.  Zeleňákovej  ako aj  meraniu  magnetických vlastností  SMC pod vedením prof.  Petra
Kollára. Poďakovanie patrí predovšetkým spolugarantovi konferencie Matejovi Balážovi ako
aj  všetkým kolegom z ÚGT a UPJŠ,  ale  aj  kolegom a  kolegyniam z všetkých ostatných
pracovísk,  ktorí  svojou  aktívnou účasťou,  alebo  zaujímavou diskusiou  podporili  odborný
program konferencie. Program konferencie bol naplnený 15 prednáškami s časovou rezervou
pre dostatočne širokú diskusiu prezentovaných tém. Spoločným menovateľom prednesených
príspevkov boli špecifické funkčné fyzikálne a biologické vlastnosti skúmaných materiálov, z
ktorých väčšina bola  pripravená, alebo modifikovaná mechano-chemickými metódami.  Na
záver konferencie sa otvoril priestor na neformálnu diskusiu k prednáške o nových funkciách
digitálneho mikrokopu s LIBS analyzátorom KEYENCE. Po uzavretí programu konferencie
sa  otvoril  priestor  pre  Zasadanie  odbornej  skupiny  CHÉMIA  TUHÝCH  LÁTOK  A
MECHANOCHÉMIA fungujúcej pod záštitou Slovenskej chemickej spoločnosti (SCHEMS),
kde v neformálnej diskusii sa členovia dozvedeli históriu vzniku  SCHEMS ako aj odbornej
skupiny a nakoniec si zvolili predsedu na nasledovné funkčné obdobie.

Vyjadrujem úprimné poďakovanie prednášajúcim a všetkým účastníkom za vytvorenie
príjemnej priateľskej  atmosféry ako aj  za otvorenú neformálnu diskusiu,  ktorá potvrdzuje
zmysluplnosť organizovania stretnutí podobného druhu ako zrejme mini konferencia Funkčné
kompozitné materiály je.

               Ing. Radovan Bureš, PhD.
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MAGNETIC NANOPARTICLES FOR BIOMEDICAL APPLICATIONS

Adriana Zeleňáková1*, Pavol Hrubovčák1, Ľuboš Nagy1, Jaroslava Szücsová1, Vladimír
Zeleňák2, Eva Beňova2, Michael Barutiak1, Ján Košuth3, Štefan Vilček4

1Department of Condensed Matter Physics, P. J. Šafárik University, Park Angelinum 9, 
Košice, Slovakia, * adriana.zelenakova@upjs.sk
2Department of Inorganic Chemistry, P. J. Šafárik University, Moyzesova 11, Košice, 
Slovakia
3Institute of Biology and Ecology, P. J. Safarik University, Šrobárova 2, 041 54 Kosice, 
Slovakia
4University of Veterinary Medicine and Pharmacy in Košice, Slovakia,

Keywords: magnetic nanoparticles, magnetization, separation, drug delivery platform, 
magnetic hypertermia

Abstract
In  the  recent  past,  magnetic  nanoparticles  (MNPs)  emerged  as  the  most  promising

building blocks to realize multifunctional devices to be used in the biomedical field [1]. The
greatest interest for MNPs resides in the possibility of exploiting their unique properties for
both diagnostic and therapeutic purposes (i.e.,  theranostics).  For example,  the interactions
between the particle’s magnetization and the 1H nuclear magnetization strongly affect the
nuclear  relaxation times,  making MNPs powerful  contrast  agents  for  magnetic  resonance
imaging (MRI) applications. Furthermore, the interaction of the MNP’s magnetization with
an alternating magnetic  field  of  appropriate  frequency  and  amplitude  can cause  a  strong
heating of the magnetic cores subsequently released to the surrounding tissues. This effect is
known as magnetic fluid hyperthermia (MFH), and it  is already applied in clinics for the
therapeutic treatment of glioblastoma, prostate cancer, and some other tumors. Moreover, it
has  been  extensively  demonstrated  in  the  literature  that  the  MNP surface  can  be  easily
functionalized with ligands or biomolecules for the selective accumulation in target tissues
(chemical targeting) [2]. Although simple in principle, the many barriers posed by biological
processes make the application of this approach in clinics still far from being realized. MNPs
could offer a unique possibility to by-pass this hurdle, as they can be driven to a desired site
by the application of an external magnetic field gradient (magnetic targeting). In presented
work the various biomedical applications of magnetic nanoparticles from fundamental and
practical point of view will be discussed.

Series of  nanoparticle systems with magnetic core and amorphous silica (SiO2) shell
have been prepared and their surface has been modified by specific organic ligands. Owing to
the ligands, the prepared NPs are capable of bonding either virus RNA or anti-virus drug. By
the  action  of  applied  magnetic  field,  the  NPs  may  be  concentrated  in  a  certain  point
(diagnostics) or delivered into the affected tissue (treatment). Feasible magnetic performance
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of  the  prepared  nanoparticle  systems  is  therefore  crucial  for  their  application.  We  have
conducted  series  of  magnetic  measurements  in  order  to  distinguish  between  magnetic
behavior of the pure nanoparticle system and systems with various coatings. We demonstrate
the  application  of  the  fundamental  models  that  have  been  modified  in  order  to  fit  the
experimental  zero-field  cooling  magnetization  data.  We  discuss  the  influence  of  the
nanoparticle  shell  parameters  (morphology,  thickness,  ligands)  on  the  overall  magnetic
performance of the systems. With the aid of magnetic data modelling along with the strong
experimental support provided by other methods (electron microscopy, X-ray diffraction) we
can conclude on nanoparticle structural and magnetic characteristics and the presence/absence
of inter-particle interactions.

    

Fig.1. TEM micrograph of nanoparticles for 
biomedical applications.

Fig.2. Testing of eMNPs samples for 
isolation of RNA and in RT-qPCR assay for 
the detection of HEV from pig liver tissue
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EXPERIMENTAL STUDY OF MAGNETIC NANOPARTICLES FOR MAGNETIC 
SEPARATION DNA/RNA.

Michael  Barutiak1*,  Adriana  Zeleňáková1,  Ľuboš  Nagy1,  Žaneta  Fabriciová1,  Pavol
Hrubovčák1, Eva Beňová2, Andrea Antošová3

1Department of Condensed Matter Physics, Pavol Jozef Šafárik University, Park Angelinum 
9, 040 01 Košice, Slovak Republic, *michael.barutiak@student.upjs.sk
2Department of Inorganic Chemistry, Pavol Jozef Šafárik University, Moyzesova 11, 041 54 
Košice, Slovak Republic
3Institute of  Experimental Physics, Slovak Academy of Sciences, Watsonova 47, 040 01
Košice, Slovak Republic 

Keywords: Magnetic nanoparticles, DNA/RNA separation, PCR, nucleic acids, specific 
ligands

Abstract
The presented work deals with the application of magnetic nanoparticles as reagents for

nucleic acid separation in RT-PCR assays. It provides a theoretical overview of this method,
outlining its advantages and disadvantages, while also detailing the mechanisms of nucleic
acid binding to magnetic  nanoparticles. One of  the primary objectives of this study is  to
design nanoparticle systems that enhance the separation of nucleic acids and increase the
amount of bound genetic material during RT-PCR testing, utilizing specific properties such as
shape,  magnitude  of  magnetic  moment,  and  the  presence  of  ligands  on  the  nanoparticle
surface. The potential of magnetic nanoparticles to bind RNA molecules is investigated using
SiO2-coated Fe3O4 nanoparticles with a specific organic ligand on their surface. Additionally,
this type of nanoparticle is characterized in terms of its structure, morphology, and magnetic
properties. 

The magnetic core of Fe3O4 was synthesized by the co-precipitation method. The corres-
ponding amounts of Fe2(SO4)3 and Fe(SO4).7H2O were dissolved in distilled water in a stoi-
chiometric ratio of 2:1. The solution was heated to 60 °C, after which 15 mL of NH4OH was
added rapidly. The black precipitate was collected by sedimentation, washed with water and
dried at room temperature. The molar ratios were adjusted to ensure that the size of the pre-
pared beads was approximately 10 nm. [1]. The synthesis process is well described as:

2Fe3+ + Fe2+ + 8OH-  Fe3O4 + 4H2O

TEOS was added to the resulting Fe3O4 beads to obtain core-shell nanoparticles with a
silica shell, onto which various ligands were then bound. Three different samples denote as
S3,  S7  and  S12  was  prepared,  where  in  samples  S2  is  3-(aminopropyl)triethoxysilane
(APTES), sample S3 is (3-Mercaptopropyl) trimethoxysilane (MPTMS) HS(CH2)3Si(OCH3)3,
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and  in  sample  S12  is  3-(Trimethoxysilyl)propyl  methacrylate  (MMSP)
H2C=C(CH3)CO2(CH2)3Si(OCH3)3.

The magnetic properties measurements were performed on SQUID-based magnetometer
MPMS 5XL, Quantum Design, in temperature range from 2 K to 330 K and in applied DC
field up to 50 000 Oe. Sample in powder state was secured against the movement and inserted
into the plastic holder.

Fig.1.  Temperature  dependence  of  magnetization  measured  in  ZFC/FC  regimes  for  4
different studies samples with organic ligands: S2 (orange), S3 (red), S7 (green) and S12
(blue).

 

Fig.2. Field dependence of magnetization for 4 different samples: S2 (orange), S3 (red), S7 
(green) and S12 (blue) obtained using 5 Kelvin (left) and 300 Kelvin (right).
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Fig.3. Representative SEM micrograph of magnetic beads (field emission scanning electron
microscope  -  JEOL  JSM-IT700HR  with  an  accelerating  voltage  of  15  kV)  and  size
distribution.

Tab.1. RNA-binding potential and magnetic separation efficiency of different SiO2@MNPs 
(S1, S12, S3, S2). The EC50 values were derived from the etidium bromide (EtBr) 
fluorescence -displacement concentration dependencies.

 
SiO2@MNP 

 Biological activity 
Binding potential 

EC50 (mg/mL) 
Separation 

efficiency (%) 
S1  13.48 7.43 

S12            5.233 2.27 
S3  3.958 0.42 
S2  1.759 66.79 
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The RNA extraction potential of our studied nanoparticles was investigated by magnetic
separation and ethidium bromide fluorescence displacement assay [2].  Our results indicate
that S2 nanoparticles bind the best to single-stranded RNA and can be used to extract RNA
efficiently from solutions.  The separation efficiency of S2 with APTES coating is up to 60%
higher than that of uncoated S1 nanoparticles.
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ADVANCEMENTS IN MOP-BASED CATALYSTS FOR ENHANCED HYDROGEN 
EVOLUTION

Magdaléna Strečková*

Institute of Materials Research, Slovak Academy of Sciences, Watsonova 47, 040 01 Kosice,
Slovak Republic, *mstreckova@saske.sk

Keywords: hydrogen evolution reaction (HER), oxygen evolution reaction (OER), water
                    splitting

Abstract
Hydrogen has significant potential in multiple and varied end-use sectors, such as power

generation, transport, steel, marine and aviation. Each of these are decarbonizing at different
rates across the world. Some, such as steel, marine and aviation, are also hard-to-abate and
these sectors are where hydrogen could play a key role. Understanding hydrogen’s drivers,
evolution pathways and interactions across these (potentially competing) segments is key to
maximizing the economic opportunity and meeting net-zero goals. Water splitting electrolysis
offers  a  promising  approach  for  efficient  hydrogen production  in  energy  conversion  and
storage,  with  electrocatalysis being crucial  to  this  process.  Developing active,  stable,  and
cost-effective  catalysts  or  electrocatalysts  is  vital  for  achieving  effective  electrocatalytic
hydrogen production from water splitting for practical applications. This abstract focuses on
this important area of research.

Water electrolysis can be divided into two half-cell reactions: the hydrogen evolution
reaction (HER) and the oxygen evolution reaction (OER). In HER, water is reduced at the
cathode to  produce H2,  while  in  OER, water  is  oxidized at  the  anode to  generate  O2.  A
significant  challenge  that  hinders  the  practical  application  of  water  splitting  is  the  slow
reaction kinetics of both OER and HER, which are affected by high overpotentials, reflecting
the kinetic energy barriers. Thus, effective catalysis is essential for both reactions, as efficient
catalysts are needed to reduce the overpotentials and facilitate the production of H2 and O2.

The design of electrocatalysts  clearly affects the electrochemical  performance of the
HER  and  OER  reactions.  Therefore,  this  research  focuses  on  comparing  different
morphologies  of  catalysts  with  similar  compositions.  The  preparation  of  the  catalysts
depended on the desired final structure: needle-less electrospinning technology was used to
create fibrous structures, the powder with a spherical morphology was prepared using a hot
drying method, and the sol-gel method was employed for producing powder with an irregular
morphology Fig.1.



FUNKČNÉ KOMPOZITNÉ MATERIÁLY
24. október 2024, ÚMV SAV v.v.i., Watsonova 47, Košice

11

Fig.1. SEM images of: a) Carbon fibres with NiFeP particles, b) NiCoP fibres sintered 700
ºC air, 780 H2, c) NiCoP fibres  sintered at 900 ºC air, 780 in H2, d) MoFeCoP spheres, e)
MoFeP powder sintered at 550 ºC air and 650 ºC in H2, f) MoFeP powder sintered at 700 ºC
air and 650 ºC in H2

One of  the versatile methods for fibre preparation is  needleless spinning technology
(NLS), which was used to prepare NiCoP fibers, as depicted in Figure F1(c). The spinning
conditions were optimized by utilizing different polymers to create the liquid solution for the
spinning process. The effect of using three different polymers (PVA, PVP, and PAN) on the
final  fibrous  morphology  is  schematically  illustrated  in  Figure  2.  The  best  catalytic
performance was observed when using PAN polymers, with the heat treatment process set as
follows: 900°C in air, followed by 780°C in a reducing atmosphere.
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Fig.2. The schematic illustration of NLS technology for NiCoP fiber production, along with its
electrochemical  performance in 1 M KOH and 0.5 M H2SO4 environments  for  hydrogen
evolution reaction (HER) and oxygen evolution reaction (OER).
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BARKHAUSENOV ŠUM V PRÁŠKOVÝCH MATERIÁLOCH

Mária  Čilliková1*,  Zuzana Birčáková2,  Peter  Minárik3,  Radovan  Bureš2,  Mária
Fáberová2, Miroslav Neslušan1, Peter Kollár4
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Kľúčové slová: Barkhausenov šum, práškové materiály, plastická deformácia

Abstrakt
Štúdia sa zaoberá emisiou Barkhausenovho šumu v mäkkých práškových kompozitoch

ako  funkcia  chemického  zloženia  ako  aj  podmienok  ich  prípravy.  Štúdia  poukazuje  na
význam  magnetickej  väzby  medzi  jednotlivými  feromagnetickými  oblasťami  z hľadiska
výmennej interakcie počas premagnetovávania. 

a) 500 MPa b) 2500 MPa

Obr.1. KAM mapy Fe práškov lisovaných pod rôznym tlakom

Pohyb  magnetických  domén  a s tým  súvisiacich  doménových  stien  sa  realizuje
„lavínovitým“  mechanizmom,  kedy  pohyby  doménových  stien  v jednej  oblasti  spúšťajú
rovnaký proces v jej okolí. Štúdia poukazuje aj na to, že tieto poznatky je možné následne
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využiť  v procesoch,  kedy  je  feromagnetická  fáza  rozptýlená  v neferomagnetickej.  Zmena
hustoty ako aj rozmerov feromagnetických oblastí sa úzko premieta aj do Barkahusenovho
šumu a z neho vyextrahovaných parametrov ako sú obálky Barkahusenovho šumu, distribúcia
veľkosti Barkhausenovských pulzov a podobne.

Obr.1  ukazuje,  že  v prípade  lisovania  vyšším  lisovacím  tlakom  rastie  intenzita
plastického pretvorenia nielen v kontaktných oblastiach jednotlivých častíc (zŕn), ale tento
proces pri vyššom lisovacom tlaku zasahuje aj ďalej od jednotlivých kontaktných rozhraní.
S rastúcim  tlakom  dochádza  taktiež  k výraznému  zmenšovaniu  vzdialeností  medzi
jednotlivými lisovanými časticami. 

c) 500 MPa d) 2500 MPa

Obr.2. IPF mapy Fe práškov lisovaných pod rôznym tlakom

Obr. 2  taktiež  ukazuje,  že  zvýšená  intenzita  plastickej  deformácie  pri  lisovaní  pod
vyšším tlakom vedie k fragmentácii matrice a teda zjemneniu zrna. Vyššie uvedené zmeny sa
premietajú  aj  do  Barkahusenovho  šumu,  ktorý  s lisovacím  tlakom výrazne  a kontinuálne
rastie a to z hodnoty 198 mV pri 500 MPa až na 356 mV pri 2500 MPa. Rastúca dislokačná
hustota v matrici brzdí pohyb doménových stien. Avšak tento vplyv je len minoritný. 
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Na druhej strane, uzatváranie priestorov medzi jednotlivými časticami pri vyššom tlaku
lisovania  priaznivo  vplýva  (zlepšuje)  na  vzájomnú komunikáciu  medzi  časticami  a  tento
aspekt  má  rozhodujúci  vplyv  na  nárast  Barkahusenovho  šumu.  Zlepšenie  vzájomnej
interakcie  prispieva  k znižovaniu  magnetickej  tvrdosti  matrice  kedy  maximum  emisie
Barkahusenovho  šumu  v magnetickom  poli  kontinuálne  klesá  z hodnoty  1.45  kA.m-1 pre
lisovací  tlak 500 MPa na hodnotu 0.78 kA.m-1 pre lisovací  tlak 2500 MPa.  Okrem toho,
fragmentácia jednotlivých častíc (i  zŕn) zvyšuje hustotu doménových stien a teda aj počet
elektromagnetických pulzov pri premagnetovávaní.
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Abstract
Thermoelectric materials represent one of the possible solutions to global energy issues

by enabling direct conversion of waste heat to electricity. Among prospective thermoelectric
materials  belong  also  transition  metal  chalcogenides,  such  as  copper(I)  silver  selenide,
CuAgSe, thanks to its high carrier mobility and low thermal conductivity . Mechanochemical
preparation  in  planetary  ball  mill  fulfils  requirements  set  by  twelve  principles  of  green
chemistry, and thus can be named green synthesis .

Three  selenide  minerals  containing  Cu  and  Ag  exist  in  nature,  berzelianite  Cu2Se,
eucairite CuAgSe and naumannite Ag2Se. They differ in crystal structures, phase transition
temperatures and also in type of conductivity. For thermoelectric properties, the important
fact  is  that  Cu2Se  exhibits  p-type  electrical  conductivity,  Ag2Se n-type  whereas  CuAgSe
undergoes n- to p- transition . These tree compounds form a series with gradually changing
composition, from which samples with Ag content x= 0.4, 0.8, 1.0, 1.4 and 1.8 were chosen
for synthesis.

In  this  study,  the  mechanochemical  synthesis  of  the  Cu2-xAgxSe  sample  series  was
performed. The study aimed to optimize the mechanochemical preparation of copper silver
selenide,  CuAgSe,  to  study  its  physicochemical  properties,  especially  thermoelectric
parameters and subsequently, to apply an optimized method in the synthesis of other samples
from this sequence with different stoichiometry. 

The kinetics of the synthesis, crystal structure, morphology and thermal stability were
characterised by X-ray diffraction, X-ray fluorescence spectroscopy,  thermal  analysis  and
scanning  electron  microscopy.  Thermoelectric  properties  were  measured  after  powder
consolidation by spark plasma sintering.
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Cu2-xAgxSe samples were successfully prepared from elemental powders of Cu, Ag and
Se  in  various  ratios  by  one-step  solvent-free  environmentally  friendly  mechanochemical
synthesis after 7 min of milling in Pulverisette 6 planetary ball mill.  XRD confirms that the
reaction was completed after 7 min of milling. Phase identification reveals the presence of
different  phases depending on stoichiometry. CuAgSe was identified in all samples while
excess cation forms also binary selenide.

Fig. 1.  XRD patterns of Cu/Ag/Se mixtures milled with different stoichiometric ratios

The thermal analysis demonstrated the reversible phase transition from low-temperature
modification β-CuAgSe to high-temperature α-CuAgSe at 212,7 °C (486 K). The shift of the
peak maximum during cooling to a lower temperature is related to lattice distortion caused by
differences in cell volumes between both modifications, which requires a certain time period.
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 Fig. 2.  Thermal analysis of CuAgSe, tM=7min in reversible mode (heating-cooling)

The electron microscopy together with  the reduction of the SBET value and increased
particle  size  revealed  agglomerated  particles  of  irregular  shape.  XRF  analysis  performs
quantitative chemical analysis, which is in agreement with the proposed stoichiometry.

Tab.1. Elemental composition of Cu2-xAgxSe samples measured by XRF method

Furthermore, the thermoelectric performance of the products was investigated to assess
the  potential  application of  the  mechanochemically  synthesized equivalent  of  the  mineral
eucairite  in  energy  conversion.  For  CuAgSe the  highest  value  ZT  = 0.35  at  424  K  was
achieved before phase transition connected with n - p transition. In low-temperature region,
Cu1,4Ag0,6Se  displays  the  lowest  electrical  conductivity  and  positive  Seebeck  coefficient
indicating p-type conductivity. Other samples show in that region n-type conductivity and the
highest electrical conductivity was measured for Cu0,6Ag1,4Se.

at.% Cu Ag Se

Cu1,6Ag0,4Se 53.58 12.44 33.98

Cu1,2Ag0,8Se 40.66 25.06 34.28

CuAgSe 33.00 31.82 35.17

Cu0,6Ag1,4Se 20.16 44.63 35.21

Cu0,2Ag1,8Se 7.95 56.75 35.29
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Fig.3. Low-temperature measurement of Seebeck coefficient of Cu2-xAgxSe sample series
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Abstrakt
V  posledných  rokoch  potreba  environmentálne  a  ekonomicky  úsporných  riešení

v rozličných  oblastiach  života  rýchlo  rastie,  za  účelom zabezpečenia  trvalo  udržateľného
rozvoja. Tento trend sa odráža aj v materiáloch, nevynímajúc magneticky mäkké materiály,
a v rámci nich tie  pripravené  technológiami práškovej metalurgie,  keďže môžu poskytnúť
množstvo výhod oproti  tradičným zliatinám [1].  Existujú dve  hlavné skupiny magneticky
mäkkých  materiálov  pripravených  týmito  technológiami,  prvá  zahŕňa  materiály  vyrábané
lisovaním neizolovaných feromagnetických práškových častíc (´kompakty´) [2] a druhá častíc
pokrytých resp. navzájom od seba izolovaných izolačnou vrstvou (´kompozity´) [3].

Práca  prezentuje  analýzu  magnetických  vlastností  magneticky  mäkkých  práškových
kompaktov na báze železa, v závislosti od zvyšujúceho sa lisovacieho tlaku. Obr. 1 ilustruje
metódu  prípravy  vzoriek  použitím  komerčne  dostupného  polykryštalického  práškového
železa Fe ABC 100.30 (Höganäs AB Švédsko), obsahujúceho častice nepravidelných tvarov
so strednou veľkosťou ≈ 95 μm, aplikovaním výlučne vysokotlakového jednoosého lisovania,
bez akéhokoľvek izolačného povlaku častíc, chemických procesov a následného tepelného
spracovania vzoriek [4].

Pri tlaku 1500 MPa bol dosiahnutý neočakávane pozitívny výsledok, keďže Fe-kompakt
bez  akéhokoľvek  izolačného  povlaku  práškových  častíc  a  bez  následného  tepelného
spracovania vykazoval v porovnaní s triedou magneticky mäkkých kompozitov veľmi dobré
magnetické vlastnosti,  a  to  efektívnu relatívnu permeabilitu ~ 120,  stabilnú  do frekvencie
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~ 200 kHz, maximálnu celkovú relatívnu permeabilitu ~ 700 a špecifický elektrický odpor
~ 10E-5 Ω.m [5]. 

Na obr.2. sú znázornené hodnoty reálnej zložky komplexnej relatívnej permeability pri
frekvenciách  500 Hz  a  100 kHz,  a rezonančná  frekvencia  v  závislosti  od  zvyšujúceho  sa
lisovacieho  tlaku.  Vidíme  veľmi  priaznivú  kombináciu  týchto  veličín,  najmä  u  vzorky
´1500 MPa´ pripomínajúcu charakteristiky magneticky mäkkého kompozitu.

Obr.1. Ilustrácia metódy prípravy práškových
kompaktovaných materiálov na báze železa 
pomocou vysokotlakového lisovania

Obr.2. Reálna zložka komplexnej 
permeability pri frekvenciách 500 Hz a 
100 kHz, a rezonančná frekvencia vs. 
lisovací tlak

Tento  jav  bol  vysvetlený  na  základe  analýz  mikroštruktúry  vzoriek,  magnetických
a elektrických  vlastností,  magnetizačných  procesov,  vnútorných  demagnetizačných  polí,
Barkhausenovho šumu a tepelnej difuzivity [5]. Bolo zistené, že pri istej zvýšenej hodnote
lisovacieho  tlaku  dochádza  k  zjemneniu  kryštalografických  zŕn  vnútri  železných  častíc,
pretože  s  rastúcim  tlakom  postupne  vznikajú  deformačné  pásy,  ktoré  sa  s  jeho  ďalším
zvyšovaním  rozpadajú,  čo  vedie  k  vyššiemu  odporu  materiálu,  čím  jeho  charakteristiky
pripomínajú  správanie  kompozitu,  a  to  aj  napriek  protichodnému  efektu  rastúceho  počtu
elektrických kontaktov medzi susednými Fe časticami. Zjemnenie veľkosti zrna spôsobuje aj
zjemnenie magnetickej doménovej štruktúry, čo uľahčuje proces premagnetovania, aj napriek
zvýšeným vnútorným napätiam a množstvu defektov v mikroštruktúre materiálu vnesených
pri  kompaktovaní,  ktoré  negatívne  ovplyvňujú  pohyblivosť  doménových  stien.  Pri  tlaku
1500 MPa  bola  teda  pozorovaná  najpriaznivejšia  kombinácia  vplyvu uvedených  faktorov,
ktorá má za následok zlepšenie magneticky mäkkých vlastností. 

Vysokotlakovým kompaktovaním bola tiež dosiahnutá vysoká hustota materiálu (viac
ako  ~95 %  hustoty  železa)  zaisťujúca  dostatočné  mechanické  vlastnosti.  Prezentovaný
materiál  môže  teda  slúžiť  ako  potenciálna  náhrada  magneticky  mäkkých  kompozitov
v mnohých aplikáciách, keďže poskytuje evidentné výhody z hľadiska ekologického ako aj
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ekonomického,  ako napr.  jeho jednoduchá produkcia  s minimálnym chemickým odpadom
(akékoľvek dodatočné chemické procesy a látky potrebné na izolovanie častíc v konvenčných
kompozitoch sú v tomto prípade úplne vynechané), a taktiež jednoduchý proces recyklácie.
Tieto výhody a dosiahnuté vlastnosti materiálu tiež odôvodňujú použitie vysokých lisovacích
tlakov, ktoré je nekonvenčné a predstavuje viaceré výzvy v praktických aplikáciách.
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Abstract
The aim of this work was to study the influence of surface modification by smoothing of

the surface of iron powder particles on the magnetic properties of compacted powders and
soft magnetic composites with a SiO2 electrical insulating layer.

Two compacted powder samples were prepared to study magnetic properties at quasi-
static conditions. As starting material, iron granules with dimensions of 1 mm – 2 mm were
used. The granules were milled in a planetary ball  mill  and sieved to obtain a fraction of
63 µm – 125 µm. Half of the powder was then modified in the same mill with modified
mortar without the balls with glued sandpaper on the inner walls of mortar to obtain particles
with a smoothed surface. Before compacting, the annealing in the argon atmosphere at 400°C
for 90 minutes was performed. Samples were compacted at 700 MPa and 400°C in a vacuum
for  3 minutes.   The  sample  with  unmodified  surface  of  powder  particles  was
named  ,,Compact  –  unsmoothed,,  and  the  sample  with  a  modified  surface  was
named ,,Compact – smoothed,,.

We measured the anhysteretic curves, from which, the inner demagnetization factor  Ni

was calculated (Tab.1.) following the methods described in [1, 2].

Tab.1. Inner demagnetization factor of samples.

Sample Inner demagnetization factor (-)
Compact - unsmoothed 3.6 * 10-4

Compact - smoothed 4.7 * 10-4
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With the  obtained inner  demagnetization factor,  the  correction  Hint=Hext-Ni(I/µ0) was
performed. The Hint is the internal magnetic field inside the sample, Hext is the applied external
magnetic field, I is the magnetic polarisation of the sample and  µ0 is vacuum permeability.
From the initial magnetization curves, the differential permeability was calculated (Fig.1.).
One can see if  we are considering only  Hint,  the max value of differential permeability is
increased significantly.
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Fig.1. Differential permeability of samples plotted against magnetic field.

By analyzing the measured DC hysteresis loops, we obtained the hysteresis loss of the 
samples at various maximum magnetic induction Bm (Fig.2.). The Hysteresis loss was fitted 
according to Steinmetz´s law Wdc=KhBm

x, where Kh and x are Steinmetz coefficients [3].
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Fig.2. Hysteresis loss of samples plotted against magnetic induction up to 1 T, with the full 
line representing the range of Steinmetz´s law validity.
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It can be observed that smoothing of the iron powder particles surface results in a 
decrease in hysteresis loss across the entire measured range of maximum magnetic induction.

To  investigate  the  magnetic  properties  at  higher  frequencies,  two  additional  soft
magnetic composite samples were prepared. These samples were prepared in the same way as
the compacted powder samples, but after the annealing step, the powder particles were coated
with SiO₂ using Stöber’s process [4]. The sample with the unmodified surface of the powder
particles was named "SMC – unsmoothed," while the sample with the modified surface was
named "SMC – smoothed."

The  complex  relative  permeability  was  measured  using  the  impedance  analyzer
HP4194A. As shown in Fig. 3, smoothing the surface of the powder particles results in a
significant  increase  in  the  maximum  values  of  the  real  part  of  the  complex  relative
permeability for the compacted powders.
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Fig.3. Real part of complex relative permeability of samples plotted against frequency up to 
40 MHz.

In the case of soft magnetic composites, the smoothing procedure results in a more than 
16% increase in the cut-off frequency (Tab.2.) determined by the position of in the maximum 
of imaginary part of the complex relative permeability.

Tab.2. Cut-off frequency of soft magnetic composites.

Sample Cut-off frequency (Hz)
SMC – unsmoothed 12 500

SMC - smoothed 14 600
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The total energy loss was calculated from the measured hysteresis loops at various 
frequencies and was fitted according to Bertotti´s theory: Wt = Wh + We + Wa = Kh + Kef + 
Kaf1/2, where Wh represents hysteresis losses, We denotes losses due to eddy currents, and Wa 
refers to anomalous losses. Kh, Ke, and Ka are the respective coefficients for hysteresis, eddy 
current, and anomalous losses, while f is the frequency (Fig. 4) [5].
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Fig.4. Total energy loss and Bertotti´s theory fit plotted against frequency.

We  conclude  that  the  smoothing  procedure  applied  to  the  surface  of  iron  powder
particles results in following improvements: a reduction in total energy loss in both compacts
and  soft  magnetic  composites,  a  greater  than  16%  increase  in  the  permeability  cut-off
frequency of soft magnetic composites, an increase in the maximum values of the real part of
the  complex  relative  permeability  in  compacts,  and  a  significant  enhancement  in  the
differential permeability of compacts when considering only the internal magnetic field.
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Abstract
Tissue engineering represents a highly promising and rapidly advancing research area,

driven by the increasing prevalence of various disorders affecting a significant portion of the
population.  Therefore,  in  recent  years,  various  multifunctional  biomaterials  with  highly
controlled  physicochemical  and  biological  properties  have  been  developed  to  meet  the
specific  requirements  for  tissue  regeneration,  ensuring  successful  healing  and  integration
within the body [1]. 

Citrate-based polyesters represent a relatively new class of hydrophilic biodegradable
polymers  with  elastomeric  properties,  offering  advantages  over  the  commonly  used
hydrophobic polylactide polyesters in terms of improved processability, mechanical strength,
and enhanced tissue response, thereby increasing their potential applications in various fields
of  tissue  engineering  [2].  Citrate  polyesters  are  usually  synthesized  by  simple  melt-
polycondensation esterification  of  citric  acid with polyhydroxy alcohols,  diols,  or  polyols
over a wide temperature range, using either a catalyst or  catalyst-free reaction to produce
polyesters with a wide range of physicochemical properties that can be specifically tuned for
a given application. These polymers have been recently investigated for various soft tissue
engineering applications in their pure form, such as cardiovascular scaffolds, and cartilage
and nerve tissue repair materials. However, for hard tissue repair, they are more commonly
used as composite materials in combination with hydroxyapatite or bioactive glass to better
mimic the composite nature of the extracellular matrix of bone tissue [2-4].

One  common  and  frequently  used  application  of  biomaterials  is  in  the  form  of
cementitious  materials,  which  receive  special  attention  due  to  their  easy  formability  and
moldability, as well as their ability to fill bone defect sites of various shapes by injection and
subsequent  setting  in  vivo,  thus  eliminating  the  need  for  additional  surgery.  Our  recent
findings demonstrate the potential for incorporating citrate polyesters, such as glycerol citrate,
into hydroxyapatite cement matrices through a simple solution infiltration technique, where
the cement powder is infiltrated with a polyester/ethanol solution. Our results showed that
adding  an  optimal  concentration  of  polyester  can  enhance  the  chemical  and  structural
interactions between the cement matrix and polyester coating. The polyester promotes crystal
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growth, reduces boundary surface area, and strengthens the bonds between particles, which
synergistically contribute to improved hardness and strength of the composite samples.

The present  lecture  will  summarize  the  fundamental  properties  of  citrate  polyesters,
along with an overview of our recent  contributions to advancing their  use in bone tissue
engineering, particularly as components of composite cements.
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Abstract
Hydrogen is widely recognized as a promising clean and renewable energy carrier, and

it is viewed as an attractive alternative to fossil fuels . One of the most cost-effective ways to
produce hydrogen is through water splitting, driven either by electricity or light sources. This
process, however, requires efficient catalysts to lower the activation energy and make the
reaction feasible . 

While noble metals such as platinum, iridium, and ruthenium exhibit excellent catalytic
activity for both electrocatalytic and photocatalytic hydrogen generation, their high cost and
limited natural availability pose significant challenges to large-scale deployment. This has
prompted  the  need  to  explore  cheaper,  Earth-abundant  alternatives  that  can  function  as
effective catalysts in hydrogen production. Transition metal oxides and sulfides, in particular,
have garnered attention for their favorable catalytic and physicochemical properties .
Nickel sulfides (NiS, Ni3S2, etc.) are particularly attractive due to their electrical conductivity,
thermochemical stability, and efficient hydrogen evolution reaction (HER) performance . In
this  study,  nickel  sulfides  were  synthesized via a mechanochemical  synthesis,  namely  by
mechanically  induced  self-propagating  reaction  (MSR),  a  highly  exothermic  and  rapid
process  enabled  by  high-energy  ball  milling  .  X-ray  diffraction  (XRD)  confirmed  the
formation of NiS as the primary phase when using a 1:1 Ni ratio, while a Ni 3:2 mixture
yielded  Ni3S2.  Scanning  electron  microscopy  (SEM)  revealed  agglomerated,  granular
surfaces,  characteristic  of  mechanochemically  synthesized  materials.  Electrocatalytic  tests
using rotating disc electrode (RDE) techniques demonstrated that the Ni 1:1 ratio exhibited
better performance for hydrogen evolution compared to the Ni 2:1 ratio in alkaline media,
based on the overpotential values.
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Abstract
Energy conservation has been and remains a central driving force in developing new

materials. In this context, soft magnetic composites are emerging as promising materials, with
potential  applications  in  modern  engineering,  including  sensing,  energy  generation,  and
conversion [1,2]. These materials are manufactured and processed using powder metallurgy
technology, which offers unique freedom in the design of components and their adaptation to
operational  conditions  [3].  Soft  magnetic  materials  are  based  on  ferromagnetic  powder
particles, which are coated with a layer of electrically insulating material. The ferromagnetic
particles  comprise  iron,  nickel,  cobalt,  or  their  ferromagnetic  alloys.  The  electrically
insulating material may consist of polymer resins, inorganic compounds, or a combination of
both. The insulating component of the composite typically forms a thin layer that separates
the  individual  metallic  powder  particles.  By  insulating  the  ferromagnetic  particles,  the
generation of eddy currents in alternating magnetic fields is suppressed or even eliminated.
The insulating layer should be as thin as possible, uniformly covering each ferromagnetic
metallic  powder  particle.  An  excessively  thick  insulating  layer  reduces  magnetic
permeability, while an uneven layer diminishes the effectiveness of electrical insulation. The
production and processing of soft magnetic composites involve creating a composite powder
mixture,  which  is  pressed  into  the  desired  shape  under  pressure  and  subjected  to  heat
treatment to achieve the required mechanical, electrical, and magnetic properties.

The powder mixture of the ferromagnetic and electrically insulating components of the
composite is produced using mechanical processing operations, which ensure the required
particle size,  shape, and homogeneity of the prepared mixture.  Mechanical milling in ball
mills  and  blending  in  mechanical  mixers  are  typically  employed.  Ball  or  attritor  milling
inevitably introduces a certain degree of contamination from the milling media. On the other
hand, mixing in mechanical  homogenisers is  associated with partial demixing and micro-
pelletisation, as well as agglomeration, particularly in the case of homogenising micro/nano
powders.  Resonant  acoustic  mixing  (RAM)  allows  for  the  combination  of  these  two
technological operations into one, with the possibility of performing the process without the
use of milling media.



FUNKČNÉ KOMPOZITNÉ MATERIÁLY
24. október 2024, ÚMV SAV v.v.i., Watsonova 47, Košice

33

A  Resodyn  LabRAM  mixer  was  used  to  realise  the  RAM  self-milling  process.
Ferromagnetic powders (Fe and Fe6.5Si) with particle median sizes (d(0.5)) higher than 100
µm and secondary component with particle sizes under 20 µm were milled without milling
balls. A glass jar and no balls avoided contamination of the prepared magnetic powder. The
intensity of the resonant acoustic energy was set to achieve gravitational acceleration between
powder particles up to 300 m.s-2.

Fig.1. RAM self-milling without milling media.

Random collisions of powder particles at high acceleration led to fragmentation of the
powder component with higher brittleness. Fine particles are deposited on the surface of the
larger particles. Micron-size metallic powder acts as milling media in this process instead of
milling balls and, at the same time, it is coated by fine particles of the fragmented brittle
component as shown in Fig.1.

Tab. 1. Process of mechanical modification vs properties of different powder systems
Powder system
[wt.%]

RAM process
time

Coercive force
[A/m]

Compressibility
[%]

Fe sieve cut >100 - 136 54.7

Fe sieve cut >100 24 h 147 54.5

Fe sieve cut >100 *Ball milling 695 47.1

Fe-3Si 24 h 139 44.8

Fe-3Al 24 h 153 48.4

Fe-2.5biotite (Fe sieve cut >45) 15 min. 154 60.5

Fe-2.5biotite (Fe sieve cut >45) 24 h 147 64.1

Fe6.5Si sieve cut >63 - 55 30.9

Fe6.5Si sieve cut >63 12 h 62 34.6

Fe6.5Si sieve cut >63 *Ball milling 400 34.7

Fe6.5Si-3Si 12 h 47 33.6

Fe6.5Si-3Al 12 h 56 34.1

Fe6.5Si-1LAB d(0.5)=335 15 min. 28
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* high energy ball milling process (15:1 bpr, 800 rpm, 10 minutes, oscillating-planetary mill)
Coercivity is the magnetic parameter most sensitive to mechanical modifications and the

related  accumulation of  lattice  defects.  The  coercive  force  meter  ATS-320 was used  for
measurement  at  a  maximum  magnetic  field  of  30  kA/m.  A  mechanical  response  of  the
powder  systems  was  characterised  by  compressibility  measurement.  Continuous  in-die
compressibility was performed on Lab Test 5600 ZL using a pressure of 2000 MPa.

Table 1 presents coercive field strength and compressibility dependent on RAM process
time  for  different  powder  systems  from  pure  Fe  and  FeSi,  gradient  ferromagnetics  to
composite  ferromagnetics/ceramics  powders.  The  results  show that  the  RAM self-milling
process is suitable for modifying ferromagnetic powder where low coercivity preservation is
required in the mechanical coating process. The compressibility of easily deformable powders
can  be  partially  preserved,  even  improved  in  some  powder  systems.  Hard  compressible
powders  such  as  high  silicon  FeSi,  it  is  possible  to  slightly  improve  compressibility.
Compressibility and coercivity changes in the RAM process are linked to mechanical surface
treatments  of  ferromagnetic  powders,  such  as  “de-satellization”  of  atomized  powders,
smoothing of irregular surfaces without inducing volume deformations, and creation of lattice
defects in the core of ferromagnetic particles.

A SK patent was granted for the method of producing composite magnetic powders by
self-milling [4].
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Abstract
Increasing silicon content in iron improves electrical resistivity and permeability while

reducing eddy current  losses,  magnetostriction,  and coercivity,  with  only  a slight  drop in
saturation magnetization. Despite these benefits, conventional sheet production and powder
consolidation are typically limited to <4 wt.% Si [1]. Advanced methods like sinter-based
screen printing, E-PBF, and FAST/SPS aim to enhance the processability of Fe6.5%Si alloys
[2]. A similar challenge exists for FeSiAl alloy applications [3]. New moulding technologies
and  microstructural  engineering  of  powder  systems,  including  composite  and  gradient
ferromagnetic  particles,  may  offer  solutions  [1,4].  Enhancing  the  frequency  stability  of
magnetic properties can be achieved by reducing the size of ferromagnetic particles and/or
increasing the thickness of the electrical insulation layer. However, this inevitably leads to a
reduction in permeability and magnetic flux density. This research focuses on the preparation
of Fe and Fe6.5wt.%Si (denoted as FeSi) particles coated with Si or Al, achieved through
mechanical  modification  via  resonant  acoustic  methods  and  ball  milling.  In  addition  to
enhancing the frequency stability of functional magnetic properties, the modification aims to
preserve  or  improve  the  compressibility  of  powder  systems  to  achieve  higher  density  in
compacted magnetic composites. 

The  mechanical  modification  of  powders  was  conducted using a Resodyn LabRAM
mixer, employing the resonance acoustic method (RAM), while high-energy ball milling was
performed with a Retsch Emax mill (further Emax). The powder was RAM processed for 15,
720, or 1440 min. under a gravitational acceleration of 30 g, without milling balls. In the
Emax, powder was processed by oscillating-rotational motion at 800 rpm for 10, 30, or 120
minutes. Prepared powder systems are listed in Table 1.

Tab.1. Overview of processes and prepared powder systems.
RAM processes [minutes] Emax processes [minutes]

Fe RAM15 Fe RAM720 Fe RAM1440 Fe Emax10 Fe Emax30 Fe Emax120
Fe-3Si RAM15 Fe-3Si RAM720 Fe-3Si RAM1440 Fe-3Si Emax10 Fe-3Si Emax30 Fe-3Si Emax120
Fe-3Al RAM15 Fe-3Al RAM720 Fe-3Al RAM1440 Fe-3Al Emax10 Fe-Al Emax30 Fe-3Al Emax120
FeSi RAM15 FeSi RAM720 FeSi RAM1440 FeSi Emax10 FeSi Emax30 FeSi Emax120
FeSi-3Si RAM15 FeSi-3Si RAM720 FeSi-3Si RAM1440 FeSi-3Si Emax10 FeSi-3Si Emax30 FeSi-3Si Emax120
FeSi-3Al RAM15 FeSi-3Al RAM720 FeSi-3Al RAM1440 FeSi-3Al Emax10 FeSi-3Al Emax30 FeSi-3Al Emax120
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The particle size distribution (PSD measured by laser diffraction method) of pure Fe
powder was minimally affected by RAM compared to Emax. In Emax, PSD broadened over
time,  particularly  after  2  hours,  with  smaller  particles  forming.  For  Fe-Si,  RAM led  to
agglomeration of smaller Si particles on Fe, with a slight shift towards smaller sizes after 24
hours. Emax similarly widened the PSD. In Fe-Al, RAM caused particle separation after 24
hours, while Emax increased size initially, then led to fragmentation and a bimodal PSD. FeSi
remained stable under RAM, but Emax reduced particle size, broadening the PSD. The FeSi-
Si  system  showed  an  increase  in  size  with  RAM  after  12  hours,  followed  by  particle
separation and bimodal distribution at 24 hours. Emax gradually reduced size, with some
larger particles persisting. In FeSi-Al, both RAM and Emax increased particle size over time,
with larger particles forming after 2 hours of Emax.

In the RAM process,  Fe and Si  particles are smoothed,  with 24-hour RAM placing
small, rounded Si particles on partially smoothed Fe particles. A 10-minute Emax milling
produces ellipsoidal to flaky Fe particles, and extending it to 30 minutes results in thinner
flakes  that  form rounded agglomerates.  After  2  hours,  these  agglomerates  fragment  into
secondary flakes. During Emax, Si is initially pressed into Fe particle surface irregularities,
forming Fe flakes with a Si surface layer. Over time, Si reaches deeper layers, though Fe
regions remain plastically deformable, alternating with high Si areas. Prolonged milling could
eventually lead to Fe3%Si alloy formation, but this is beyond the study's scope. In the Fe-Al
system, RAM results in less smoothing of Fe compared to Fe-Si due to the rapid formation of
flaky Al particles, which cover and protect the Fe surface. During Emax, both Fe and Al are
transformed into flakes. After 2 hours, smaller Fe flakes with a thin Al layer form. For FeSi
particles, the RAM process maintains their shape, while Emax causes Si particles to become
smaller and rounder. After 24 hours of Emax, flattened Si particles are deposited on spherical
FeSi particles, which transform into thick flakes that fragment further. In the FeSi-Al system,
RAM initially creates thin Al layers on FeSi surfaces, and over time, the Al particles flatten
and cover the FeSi particles. Emax transforms FeSi particles into large, thin flakes coated
with Al, preventing further fragmentation. 

Fig.1. Density and compressibility of Fe Fig.2. Density and compressibility of FeSi
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The study demonstrates that long-term RAM without milling media can prepare Fe or
FeSi particles with a thin alloy layer of Si or Al while preserving their shape. With Emax,
adjusting  milling  time  allows  for  controlled  transformation  of  composite  particles  from
ellipsoidal to flaky, even with high Si content.
True density (measured by He pycnometry) reflects internal microstructural changes, such as
defect formation and porosity, that occur during mechanical modification processes as shown
in Figs 1 and 2. Micro-cracks and intra-particle defects increase the effective volume without
adding mass, reducing true density. In contrast, particle fragmentation and the breakdown of
deformation microstructures raise the actual density. These changes are more significant in 

FeSi and during Emax processing compared to Fe and RAM treatments.
The analysis demonstrates that the compressibility of the investigated powder systems can be
improved or at least maintained, even with the addition of Si and mechanical modifications.
Notably, the FeSi-Si system shows a slight increase in compressibility. Key factors include
changes  in  particle  geometry,  surface  morphology,  and  particle  size  distribution.
Transforming  particle  shapes  from  spherical  to  ellipsoidal  or  flake-like  enhances  the
compressibility  of  hard-to-compact  Fe6.5Si  with  added  Si,  while  a  broader  particle  size
distribution further contributes to improved compressibility.
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Abstract
The study focuses on the development of soft magnetic composites (SMC) consisting of

iron (Fe) and biotite, prepared using the Resonant Acoustic Milling method. The primary aim
is to improve the magnetic properties of SMCs for high-frequency applications (100 kHz and
higher)  by coating ferromagnetic  powders  with electro-insulating  biotite,  which serves as
both a dry lubricant and electrical insulator. This combination aims to reduce eddy currents
and magnetic losses at high frequencies.
Mica refers to a group of silicate minerals that exhibit layered structures, characterised by
their  excellent  cleavage,  which allows them to  be split  into  thin,  flexible  sheets.  Among
micas, muscovite and biotite are two distinct types. Biotite is a potassium iron magnesium
aluminium silicate that is mechanically harder and more brittle comparing with muscovite.
Biotite is weakly magnetic due to its iron content, and its resistivity is lower than that of
muscovite, though still relatively high compared to metals.

The  use  of  mechanical  energy to  create  electro-insulating  coatings  on ferromagnetic
particles  belongs  to  a  large  family  of  mechanochemical  methods  [1].  Resonant  acoustic
mixing  (RAM)  is  one  of  these  processes  and  the  most  significant  advantage  is  no
contamination by the wear of balls and jars compared to ball milling. RAM in synergy with
appropriate  consolidation  technology  can  help  to  develop  a  new  generation  of  high-
performance  alloys  for  example  dispersion  strengthening  alloys  [2]  or  soft  magnetic
composites [3].

Pure Fe powder (ABC 100.30 Hoganas AB) sieve cut above 45 m and biotite particle
size under 45  m were RAM mixed with gravitation acceleration 30 g (g=9.8067 m.s-2) in
Resodyn LabRAM mixer. The composite coated powders Fe/biotite were prepared from 1, 2,
2.5, 3 and 5 wt% of biotite by RAM milling without milling balls for 15 minutes and 24
hours.

Various Fe/biotite composites were prepared with different biotite concentrations (1% to
5%) and compacted under pressures ranging from 500 MPa to 2000 MPa. The materials were
evaluated based on their morphology (Fig.1-4), compressibility, coercive force, permeability,
and resistivity.
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Fig.1. ABC 100.30 sieve cut particles > 45 μm Fig.2. Bitotite particles < 45 μm

Fig.3. Fe/2.5wt% biotite RAM 15 min. Fig.4. Fe/2.5wt% biotite RAM 24 hour.

Fig.5. In-die compressibility based on volume change (after pressure release) of Fe/biotite 
pressed at 2000 MPa
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Continuous  in-die  (cylindrical  die)  compressibility  was  performed using  a  universal
testing machine with continual force-displacement monitoring at pressures up to 2000 MPa.
Compressibility  analysis  shows  different  behaviour  of  powder  systems  with  low  biotite
content  of 1-2 wt.% and high content of 3-5 wt.%. Composite powder with 2.5 wt. % of
biotite is characterised by relatively high compressibility outside the monotonous decrease of
compressibility depending on the biotite content as shown in Fig.5.

At medium content of biotite (2.5 wt.%), a balance is achieved between compaction and
disruption of magnetic interactions, leading to minimal changes in coercivity in dependence
on pressure. Moreover, the RAM process affects the coercivity only minimally in comparison
with other mixing methods. Four-point DC resistivity measurement shows suitable resistivity
of  Fe/2.5wt.%biotite  while  complex  permeability  analysis  confirms  relatively  high
permeability with possibility to achieve relaxation frequency up to 1 MHz.

Results showed that a biotite content of 2.5% offered an optimal balance of permeability
and electrical resistivity. Long mixing times improved powder homogeneity and enhanced
compressibilty,  density  and  electromagnetic  properties,  making  these  composites  powder
system suitable for further investigation and optimisation for high-frequency applications.
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Abstrakt
Štúdia  sa  zaoberá  využiteľnosťou  Barkhausenovho  šumu  pre  účely  monitorizácie

fázovej  stability  austenitických  ocelí  v  súvislosti  s  ich  plastickou  deformáciou.  Vysoká
citlivosti  vyššie  uvedenej  magnetickej  metódy  je  založená  na  kontraste  medzi
paramagnetickým austenitom,  ktorý  negeneruje  žiaden  Barkhausenov  šum,  a  deformačne
indukovaným martenzitom v austenitickej matrici, ktorý už je feromagnetický.

a) deformačný martenzit v austenite b) prechod medzi austenitickou (vľavo)
a feritickou matricou (vpravo)

Obr.1. Deformačný martenzit v austenitickej matrici a prechod medzi austenitickou 
a feritickou matricou
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c) Záznam Barkhausenovho šumu d) označenie miesta záznamu

Obr.2. Záznam Barkahusenovho šumu a označenie miesta záznamu

V  súvislosti  s  tým,  je  možné  takmer  celú  emisiu  Barkhausenovho  šumu  priamo
vzťahovať k podielu deformačného martenzitu a jeho vlastnostiam. Štúdia prezentuje niektoré
vybrané  deformačné  procesy  ako  je  proces  klzného  trenia,  odvaľovania,  dynamického
spevňovania  povrchov,  kavitácie  ako  aj  jednoduchého  ťahu.  Okrem  efektívnej  hodnoty
Barkahusenovho  šumu,  je  možné  pre  interpretáciu  získaných  Barkhausenových  signálov
využiť  aj  distribúciu  pulzov,  obálok  Barkhausenovho  šumu  a  z  nich  extrahovaných
parametrov.

Obr.  1a  ukazuje  typický  deformačný  martenzit  v austenitickej  matrici  AISI  304  po
intenzívnej  plastickej  deformácii.  Intenzita  Barkhausenovho šumu v tomto prípade prudko
rastie s  narastajúcim podielom deformačného martenzitu  v austenitickej  matrici v blízkosti
hrany  analyzovaného  komponentu.  Vysoké  hodnoty  Barkahusenovho  šumu  sú  v tomto
prípade spôsobené mechanickými rázmi na hranu austenitickej oblasti, pričom vo vzdialenosti
približne 20 mm od hrany je už intenzita Barkahusenovho šumu výrazne menšia (obr. 2a),
keďže  v tejto  oblasti  dominuje  už  len  kavitačné  poškodenie  a deformačný  martenzit  sa
koncentruje  len  v tenkej  povrchovej  vrstve.  V prípade  feritickej  oblasti,  na  ktorú  bola
austenitická matrica navarená (obr. 1b), s kavitáciou intenzita Barkhausenovho šumu klesá
v súvislosti  s rastúcou  dislokačnou  hustotou  (obr.  2).  Klesajúce  hodnoty  Barkhausenovho
šumu  smerom  k oblasti  zvaru  súvisia  s tým,  že  s rastúcou  vzdialenosťou  od  hrany  sa
deformačný účinok kavitácie zoslabuje. 
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Abstract
High-entropy  carbides  (HECs)  are  a  class  of  advanced  materials  that  have  recently

attracted attention due to their  unique combination of properties, including high hardness,
excellent wear resistance, and stability at elevated temperatures. These materials are primarily
engineered for applications in extreme environments [1, 2].  Samples with 0.5, 1.0 and 2.0 wt.
% carbon fibers (CFS) were produced to enhance the mechanical properties of (Hf-Ta-Zr-Nb-
Ti)C composite.  The  preparation  involved  a  combination  of  high-energy  ball  milling  of
carbide powder mixtures followed by spark plasma sintering (SPS) at 2050°C for 10 minutes,
Fig 1. The resulting samples were tested for their microstructure, phase composition, and
mechanical properties.

Fig. 1. Schematic illustration of the processing of the (Hf-Ta-Zr-Nb-Ti) C–C FS

composites.

XRD analysis confirmed that all sintered samples exhibit a single-phase solid solution
matrix  with the same rock-salt  structure as the monocarbide transition metal  components
(Fm-3m space group).  All ceramic samples achieved high relative densities, ranging from
98.97% for HEC 0.0CFs to 99.09% for HEC 2.0CFs, demonstrating the effectiveness of adding
carbon fibers to enhance densification. This suggests that carbon plays a significant role in
reducing porosity during sintering. The densification mechanism observed in the specimens
with carbon fibers is similar to that in carbide systems [3]. Carbon is believed to help remove
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the oxide layer on the surface of HEC particles during high-temperature sintering, thereby
promoting densification.

Fig.2.  SEM images of the polished surfaces of synthetised ceramics.

Almost none carbon fibers were observed on the polished surfaces of the HEC 0.5CFS

composites (Fig.  2),  suggesting that  the added carbon fibers were consumed in  removing
oxygen impurities from the HEC ceramic. However, when the carbon fibers content exceeded
1%, carbon phases became visible, with fibers uniformly located along the grain boundaries
of the HEC phase (Fig. 2). 

The hardness of the prepared specimens increased with the addition of fibers, reaching a
maximum value of 20.84 GPa in the HEC 1.0 CFS composite. However, a slight decrease in
hardness was observed in HEC 2.0CFS (19.44 GPa), which may be attributed to excess carbon
content, potentially leading to a softer matrix or less effective reinforcement at higher carbon
fibers concentrations. 

Fracture toughness also improved with the addition of carbon fibers, increasing from
2.58 MPa·m¹/² for HEC 0.0CFs to a maximum of 3.00 MPa·m¹/² in HEC 1.0CFs. The fracture
toughness  of  HEC  2.0CFs (1.83  MPa·m¹/²)  is  lower  than  that  of  the  other  composites,
suggesting that the excess carbon may be detrimental to the material's ability to resist crack
propagation. The increase in fracture toughness with the addition of carbon fibers indicates
that  the  fibers  act  as  crack  deflectors  and  crack  bridges,  enhancing  toughness.  Bending
strength of the composites increases with fibers content, reaching a peak of 332.70 MPa for
HEC 1.0 CFs, compared to 258.96 MPa for HEC 0.0CFs. This improvement suggests that the
addition of carbon fibers enhances the composite’s ability to withstand stress under bending.
However, HEC 2.0CFs (285.93 MPa) exhibits a slight decrease in bending strength compared
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to HEC 1.0CFs, possibly due to the negative effects of high carbon fiber content on the overall
structural integrity of the composite. 

In summary, the mechanical properties—including hardness, fracture toughness, and
bending strength—generally improved with the addition of carbon fibers, reaching optimal
values at  1.0% fibers content  (HEC 1.0CFS).  Excessive  carbon fibers  content,  as in HEC
2.0CFS,  appears  to  negatively  affect  certain  properties,  particularly  fracture  toughness,
possibly  due  to  excessive  carbon  phase  formation  or  less  effective  fibers  distribution.
Balancing carbon fibers content and ensuring its optimal distribution within the matrix are
critical for maximizing mechanical performance and densification
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INOVATION IN THE FIELD OF DIGITAL MICROSCOPES FROM KEYENCE

Jerguš Jurík*

KEYENCE INTERNATIONAL (Belgium) NV/SA, Bratislava, Slovakia , *  j.jurik@keyence.eu

Na prezentácii sme v krátkosti za spoločnosť Keyence predstavili náš nový revolučný 
digitálny mikroskop od firmy Keyence model VHX-X1:

Nové vlastnosti mikroskopu VHX-X1 zahŕňajú:

• Nové objektívy s vyššou optickou kvalitou a rozlíšením
• Nový stojan s nosnosťou až 30 kg s motorizáciou XY 300x300mm, zabezpečujúci väčšiu 
stabilitu a flexibilitu
• Nové možnosti osvetlenia, ktoré umožňujú detailnejšie a presnejšie pozorovanie
• Možnosť automatizácie analýz, čo zjednodušuje a zrýchľuje procesy hodnotenia a merania
• Možnosť metalografie podľa noriem, čo zabezpečuje dodržanie štandardov a presnosť pri 
analýze kovových materiálov

Mikroskop VHX-X1 je zároveň vybavený nasledujúcimi technickými parametrami: 

 Vysoké rozlíšenie: Tento mikroskop ponúka rozlíšenie až 4K, čo umožňuje detailné 
pozorovanie a analýzu mikroskopických štruktúr.

 3D zobrazenie  a 2D merania:  Vďaka 3D zobrazeniu môžete získať  komplexný
prehľad o tvare a štruktúre vzoriek a taktiež merania v 2D.

 Široké zorné pole: Mikroskop VHX-X1 ponúka rozšírené zorné pole, čo uľahčuje
sledovanie väčších vzoriek a objektov.

 Veľká hĺbka ostrosti: Vďaka veľkej hĺbke ostrosti môžete pozorovať rôzne vrstvy a
detaily vzoriek bez potreby opakovaného zaostrovania.

 Pozorovanie pod uhlom až 90 stupňov: Tento mikroskop umožňuje pozorovanie
vzoriek  pod  rôznymi  uhlami,  čo  je  zásadné  pre  získanie  komplexného  obrazu
vzorku. 

 LIBS pre chemickú analýzu:  Mikroskop VHX-X1 je  vybavený funkciou Laser-
Induced  Breakdown  Spectroscopy  (LIBS),  čo  umožňuje  vykonávať  chemickú
analýzu vzoriek priamo na mikroskopickej úrovni.

 Technická čistota –  automatické vyhodnotenie filtra podľa noriem ISO 16232 a
VDA 19, vrátane následnej chemickej analýzy nečistôt
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Príklady výstupov:
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ZASADANIE  ODBORNEJ  SKUPINY  CHÉMIA  TUHÝCH  LÁTOK  A
MECHANOCHÉMIA FUNGUJÚCEJ POD ZÁŠTITOU SCHEMS:

V rámci konferencie Funkčné kompozitné materiály (FKM) sa uskutočnilo Zasadnutie
Odbornej  skupiny  (OS)  Chémia  tuhých  látok  a  mechanochémia  fungujúcej  pod  záštitou
Slovenskej chemickej spoločnosti (SChemS). Prítomných bolo 5 z 11 členov uvedených na
webstránke  SChemS  a prizvaný  bol  ako  dlhoročný  člen  prof.  RNDr.  Peter  Baláž,  DrSc.
Cieľom  zasadnutia  bolo  obnoviť  aktivitu  v  rámci  Odbornej  skupiny,  spoznať  aktivity
jednotlivých členov v danej oblasti a zvoliť si predsedu.

Najskôr  prof.  Peter  Baláž  stručne  predstavil  históriu  OS,  ktorá  bola  založená  prof.
RNDr. Klárou Tkáčovou, DrSc. z Ústavu geotechniky SAV. Pani Tkáčová je považovaná za
zakladateľku  slovenskej  mechanochemickej  školy.  Skupina  fungovala  najprv  pod  jej
vedením, neskôr v rokoch 2005-2022 pod vedením prof. RNDr. Nadeždy Števulovej, PhD..
Po ich odchode na Stavebnú fakultu TU v Košiciach skupina rozvíjala svoju aktivitu naďalej
a  neskôr  funkciu  predsedníčky  prebrala  prof.  RNDr.  Adriana  Eštoková,  PhD.  z  tej  istej
fakulty.  Okrem  množstva  odborných  prednášok  sa  skupina  zamerala  na  organizovanie
Medzinárodných konferencií  o mechanochémii pod záštitou IUPAC. V posledných rokoch
však  začala  činnosť  OS  upadať.  V lete  2024  vyjadrila  prof.  Eštoková  vôľu  odovzdať
predsedníctvo  RNDr.  Matejovi  Balážovi,  DrSc.  z Ústavu  geotechniky  SAV,  ktorý  s touto
ponukou súhlasil. 

V rámci  zasadnutia  prebehlo  hlasovanie,  ktorým  bol  Dr.  Matej  Baláž  formálne
potvrdený ako predseda, keď s jeho zvolením súhlasili všetci prítomní členovia OS.

Konferencia  FKM 2024 sa  tak  stala  prvou  aktivitou  a krokom k obnoveniu  aktívnej
činnosti OS.

RNDr. Matej Baláž, DrSc.
samostatný vedecký pracovník

Ústav geotechniky SAV, v. v. i.
Oddelenie mechanochémie
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