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AIMS OF THE WORK:

1. Preparation of soft  magnetic composites

2. Measurement of magnetic properties

3. Investigation of temperature dependence
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MAGNETIC MEASUREMENTS:
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TEMPERATURE SETTING:
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(a) Real and (b) imaginary permeability of hybrid composites with different content of soft magnetic ferrite coating ranging 

from 0 to 10 vol% measured at temperature of 30 °C (dashed lines) and 110 °C (solid lines).
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Where 𝜌 is electrical resistivity of 

the material, 𝜇0 is the permeability 

of free space and the S represents 

the cross-sectional area of the 

specimen.



Frequency–temperature maps of real 

component of permeability in composites 

with (a) 0 vol%, (b) 2 vol%, (c) 5 vol%, 

and (d) 10 vol% of ferrite. The maximum 

in permeability surface around 110 °C is 

marked by arrow in (c) and (d). 
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Temperature dependence of DC real 

component of permeability in hybrid 

composites with different content of ferrite. 
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where BS is the saturation induction, K1 is the 

magnetocrystalline anisotropy constant, σ is the 

mechanical stress, λS is the saturation 

magnetostriction, and a, b, n are the material-

dependent parameters 
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Conclusions: SMCs series №1

Ferrite content greatly affects 
Fe/SiO2/ferrite composites' 

magnetic properties; a high Curie 
temperature ferrite is crucial for 

optimal performance.

Higher temperatures in iron/ferrite 
SMCs reduce loss increase at 

higher frequencies, with the lowest 
excess loss correlating to efficient 

domain wall movement.

Fe/SiO2/2vol% ferrite composites 
exhibit an initial permeability of 84, 

stable across frequencies and 
uniform insulation coating with 

high resistivity yields an energy loss 
of 57 J/m3 at 0.1 T and 35 kHz.

The use of ferrite as an insulating 
layer in the soft magnetic 

composites has tremendous 
potential in satisfying the stringent 

requirements within the high 
frequency range. 
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SMCs series №2 (Iron/Mn-Zn FERRITE)

prof. Vassilios  Zaspalis, PhD. Vasiliki Tsakaloudi, PhD.
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SMCs series №2 (Iron/Mn-Zn ferrite)
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Frequency dependence of real (a) and imaginary (b) permeability of Fe/Mn-Zn ferrite composites with different 

content of soft magnetic ferrite coating.
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Temperature dependence of DC real 

component of permeability in Fe/Mn-

Zn ferrite composites with different 

content of ferrite.
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Peak relative permeability as 

a function of intensity of 

magnetic field Hm in the 

Fe/Mn-Zn ferrite composites 

(a) determined from DC 

hysteresis loop and (b) 

determined from hysteresis 

loop measured at 1 kHz
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Hysteresis loops of the Fe/Mn-Zn ferrite SMC samples measured at (a) frequency 100 Hz at maximum 

induction 0.2 T, (b) frequency 1 kHz at maximum induction 0.2 T.
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Conclusions: SMCs series №2

An advanced Mn-Zn ferrite-coated 
iron composite material was 

successfully prepared without 
additional non-magnetic binders

A non-conductive ceramic matrix, 
applied via dry mechanofusion, 
enhanced permeability values 
between 100 kHz and tens of 

MHz, shifted relaxation frequency 
higher, and reduced AC energy 

losses.

Stable magnetic permeability 
across frequencies and increased 

permeability with higher 
temperatures were achieved due 
to high Curie temperature ferrite 

coating.

The optimal ferrite amount, 1 
wt%, yielded the highest 

permeability values at high peak 
inductions.
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SMCs series №3 (Iron/SiO2/Mn-Zn ferrite)
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Incorporating SiO2 into an 
Fe/Mn-Zn ferrite composite 

enhances its thermal 
stability.

The new Fe/SiO2/Mn-Zn 
ferrite composite maintains 
its structure from -30°C to 

200°C, leading to increased 
permeability and reduced 

magnetic loss.

Although SiO2 inclusion 
causes a drop in 
permeability, the 

consistency is retained after 
thermal cycling.

Optimal ferrite content in 
the composite lies between 

2% to 4%, based on 
operational frequency 

needs.

Excess loss plays a 
significant role in mid-

frequency range, suggesting 
a need to further study 

domain structure in SMCs.
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