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Application potential of the soft magnetic composites increases with improvement of their functional properties.
In addition to the magnetic properties, the mechanical properties of these materials are essential. The aim of this
work was to investigate mechanical properties and their dependence on morphology of the ferromagnetic particles.
Model composite based on SomaloyR© and VitropermR© powder was prepared using conventional powder metallurgy.
The DC magnetic properties of composites based on two types of ferromagnetic particles with di�erent shapes and
structures are discussed in the relation with mechanical properties.

DOI: 10.12693/APhysPolA.126.140

PACS: 81.05.-t, 75.50.Bb

1. Introduction

Soft magnetic composites (SMC) are materials based
on ferromagnetic powder particles insulated-bonded by
organic, inorganic or hybrid coating layer [1]. Low
eddy current losses, 3D-�ux carrying capability and cost-
e�cient production of 3D-net shaped components by the
PM process are main features, which are o�ered by this
technology [2]. In addition to the magnetic properties,
knowledge about the mechanical properties of these ma-
terials is essential, if information about the resistance to
mechanical stresses is needed [3].
The aim of this work was to continue of our previ-

ous investigations of high frequency magnetic properties
of composite material based on the mixture of two fer-
romagnets: insulated polycrystalline iron particles and
nanocrystalline Fe-based alloy [4]. Another goal of this
work was to investigate the changes of mechanical prop-
erties of the composite in dependence on morphology of
ferromagnetic particles.

2. Experimental materials and methods

Somaloy R© 700 premix powder (S) supplied by Höganäs
AB, Sweden and Vitroperm R© 500 �aky powder (VPM)
supplied by Vacuumschmelze, GmbH & Co. KG, Ger-
many were used. Powders were mixed in appropriate
ratio (5, 10, 20, 30, 40 and 50 wt.% of VPM) and uniaxi-
ally cold pressed at pressure of 800 MPa into the shape of
cylinder (d = 10 mm, h = 3 mm), bar (4×5×20 mm) and
ring (dout = 24 mm, din = 17 mm, h = 3 mm). Green
compacts were heat treated at temperature of 530 ◦C
during 1 hour in air or Ar atmosphere.
Density of the composites was measured by He pyc-

nometry. Elastic constant was measured by impulse ex-
citation technique according to ASTM E1876. Mechan-
ical properties were tested by measurement of the Vick-
ers hardness HV10 and by measurement of transverse
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rupture strength TRS by three point bending test. Mi-
crostructures and fractures were investigated by light op-
tical microscopy LOM and scanning electron microscopy
SEM. DC hysteresis loops were measured by a �uxmeter
based hysteresisgraph at maximum induction of 0.2 T.

3. Results and discussion

Somaloy particles are well insulated by unbroken orig-
inal coating (Fig. 1a). In Somaloy, pores are located
mainly at the connection point of three or more initial
particles. Resin bonded VPM particles show clusters of
�at lying particles (Fig. 1b). Flaky VPM-particles are
located as a quasi layer on S-particles (Fig. 1c).

Fig. 1. LOM microstructure of the composites, (a)
Somaloy, (b) Resin bonded VPM, (c) S30VPM, (d)
S50VPM.
Flaky morphology of VPM, their deformation and

cracking improve densi�cation of powder mixture to the
ratio 10 wt.% of VPM in composite (Fig. 2). Increase of
VPM fraction leads to more frequent cracking of �aky
particles (Fig. 1c). At 40-50 wt.% of VPM, the S-
particles and their insulation layer is plastically deformed
up to eventual failure (Fig. 1d).
Density measured by He pycnometry involves closed

porosity of the composite. The values of total poros-
ity, calculated from size of bar samples, include close
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Fig. 2. Density vs. VPM fraction.

Fig. 3. E vs. VPM fraction.

Fig. 4. Mechanical properties vs. VPM fraction.

Fig. 5. Interperticle connection of S and VPM (SEM
- fracture), (left) Somaloy-Vitroperm particles, (right)
Oxide-bond connection.

Fig. 6. DC hysteresis loops at maximum induction of
0.2 T of samples with 5%, 10%, 20%, 30%, 40% and
50% VPM.

and open pores (Fig. 2). Density is the main, but not
the only parameter, which a�ects mechanical properties.
Hardness, plastic and elastic properties achieve the high-
est value at 10 wt.% of VPM (Fig. 3, 4). Improvement
of the mechanical properties is caused by oxide based S-
VPM interparticle connections after heat treatment in air
(Fig. 5). Increase of VPM fraction as well as heat treat-
ment in Ar atmosphere decrease mechanical properties
of this model composite.
DC hysteresis loops at maximum induction of 0.2 T of

samples with 5%, 10%, 20%, 30%, 40% and 50% VPM
are shown in Fig. 6. It can be seen that DC peak perme-
ability (ratio of maximum induction to maximum mag-
netic �eld) decreases with VPM content. It is caused by
the decrease of the density and simultaneous increase of
inner demagnetizing �elds of these VPM �akes, which
are oriented non-parallel to the induction vector in the
sample.
Further magnetic properties of described composites

are also discussed in [5].
4. Conclusions

Mechanical properties of SMC could be improved by
mixing particles of two suitable morphologies. Proper
morphology and fraction of �aky powder particles could
lead to higher bending strength, hardness and elastic
properties of the composite.
For the decrease of total losses with VPM content it is

required the parallel orientation of VPM �akes in com-
posite material with higher possibility of domain wall dis-
placement.
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