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Abstract

The present paper focused on the effects of alumiralloy addition on the behaviour of soft
magnetic materials at low frequencies. The micumstre investigation reveals that for
materials with high aluminium contents, the pores ariented near or surrounding the
aluminium particles. The microstructure investigatireveals that for materials with high
aluminium contents, the pores are oriented neauoounding the aluminium particles, as well
as after heat treatment shows coarse-grained wteuetith a minimum number of inclusions
within the grains and at the grain boundaries. Reshow that the magnetic properties are
dependent on the structural state of the investthataterial. Magnetic properties increased with
decreasing density due to the enhanced densifichijomeans of applied pressing pressure and
promote porosity reduction during heat treatment.

Keywords: Soft magnetic materials, Insulated iron powder poumd, Aluminium alloy,
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1 Introduction

Iron based Soft magnetic materials (SMM) are atikedly new material in electromagnetic
application. SMM consist of heat-treated powder paats ( no sintered) formed by pure iron
powder particles coated with a very thin electiicahsulated (on polymer base) layer. These
materials have become increasingly popular dutiegdst years due to their several advantages,
such as reduction in weight and size. Additionalhsulated iron powder compound (IIPC)
offers several advantages over traditional lamuhateel due to the isotropic nature of the IIPC
combined with the unique shaping possibilities apep for 3D-design solutions [1-8].

A summary of the advantages of IIPC parts inclugel4]: the ability to produce complex
shapes to net shape without waste of material lacbility to tailor the magnetic properties to
a specific application by controlling the matei@aid the processing parameters. IIPC cannot be
sintered as it is fundamental that each particleléctrically insulated from the other one.
Nevertheless, since during compaction a stresgtisduced in the particles, which deteriorates
the soft magnetic properties, heat treatment h&e teettled to provide a stress relief. Magnetic
properties of the IIPC are influenced by the amant type of coating layer (covered the iron
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particle) and the particle size distribution of ihen powder. Insulated iron powder composites
are used in the as compacted and heat treatedticondnd usually exhibit low eddy current
losses. Applications for these materials are AC meéig devices that require the minimization
of eddy current losses. One drawback of the irowdes polymer composites is the high
coercive force. This high coercive force increabeshysteresis losses dramatically, resulting in
reduced magnetic performance at low frequencies.

Therefore, the main aim of the presenting papedp ifind proper electromagnetic properties
usage in low-frequency applications at 50 Hz, adbersing the trend towards a more widespread
use of automotive electric systems in motors. Tlagg®ications require high density (secondary
operations are needed) for magnetic propertiespaecision. On the other hand, the secondary
operations degrade magnetic properties, and stremgtweak.

2 Experimental conditions

The IIPC material (Somaloy powder, Hoganas AB) heesn admixed with different amounts of
aluminium alloy (ALUMIX 321, Ecka Granules). Cheraiccomposition of aluminium alloy is
given in the followingTable 1.

Table 1 Chemical composition of the alloy added to the hameder
Al lubricant Cu Mg Si Fe
Balance 1,50 0,21 0,95 0,49 0,07

The specific results reported in this work take® iatcount the use of aluminium alloy 321 added
in the amount of 0, 5 and 10 % in weight to theebH®C powder. Powder mixtures were
homogenized using a laboratory Turbula mixer fonm#futes. Specimens with a different green
density obtained using a 2000 kN hydraulic pressa idisc-shaped mouldd(40 mm) and
unnotched impact energy 55x10x10 frepecimens applying a pressure in the range frobn 40
to 800 MPa. Different thermal treatments (in aigans (a) and in nitrogen(means (b)) were
carried out on the evaluated systems, all implygrgep at the maximum temperature of 500°C
for 30 min. Densities were evaluated using the wdtsplacement method, according to the
ASTM B962 — 08 standard. The compositions are ginehe followingTable 2.

Table 2 Chemical composition of the alloy added to the haseder

No. Composition
1 IIPC
2 IIPC+5 % AI321
3 [IPC+10 % Al321

Magnetic tests system realization and samples ctaization have equipped with two
windings: the first one to produce magnetizatiothi& core with appropriate m.m.f., the second
one to pick up the magnetic induction.

3 Results
The representative microstructures of investigataterials are presentedhings. 1-6.
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Microstructure in the pressed state reveals, thaégpact as crack initiators and due to their
presence the distribution of stress is inhomogesemuoss the cross section and leads to the
reduction of the effective load bearing area.

100 pm 100 ym
) i

Fig. 1 Microstructure of material 1a Fig. 2 Microstructure of material 1b

100 pm 100 pm

Fig. 3 Microstructure of material 2a Fig.4 Microstructure of material 2b

| e | e——

Fig.5 Microstructure of material 3a Fig. 6 Microstructure of material 3b
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In the microstructure in both processing, conditeme presented pores as black point. For
materials with high aluminium contents, the pores ariented near or surrounding the
aluminium particles. The deeper investigation alpmrbsity phenomena, mainly with respect to
powder metallurgy aluminium alloys are presentefl5118]. Heat treatment regime results in a
coarse-grained structure with a minimum numbenolfusions within the grains and at the grain
boundaries. It is well-known that the porosity laasegative effect on the magnetic properties
such as the magnetic induction and permeabilityelsthe coercive force, which their influence
are decreasing and increasing, respectively. Cdsgparof the results indicates that the
magnetic properties are considerably dependert@sttuctural state of the alloy. More authors
[13, 19-23] underline that the behaviour of powddrsing the pressing process and heat
treatment is important question in the improving S¥M to give a suitable combination
between pressing pressure, heat treating regimelhas magnetic properties.

The typical B-H magnetization behaviour for invgated materials in both processing
conditions are presentégs. 7-12.

—o—400MPa
—+— 600MPa
—s— 800NPa

ax[T]

2000 4000 5000

Bm:
&
3
=1
8
i
S
=}
8
&
S
=3
8

Hmax [Alm]

Fig. 7 B-H curves at 50 Hz of the material 1 treated i ai
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Fig. 8 B-H curves at 50 Hz of the material 1 treated tnogien
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Fig. 9 B-H curves at 50 Hz of the material 2 treated n ai
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Fig. 12 B-H curves at 50 Hz of the material 3 treated tnogien

4 Discussion

The ideal soft magnetic material, with respect I®Cl, is an isotropic media with very high
magnetic permeability, low coercivity and high sation induction. In addition, the material
could be easily shaped into 3D structures in otdefully take advantage of the material's
isotropic nature [1]. In the manufacture of SMM qmments during the compaction step, plastic
deformation of the particles that takes place, Itesn higher hysteresis losses. It is clear that
new idea of compaction processes are needed beihgred that could eliminate the hardening
of the iron powder due to maximizing energy efficg should minimize core loss, mainly
hysteresis loss that increases due to stresseductd in the material at compaction.

Due to the fact, as underlined in the past actipti 3], that a maximum temperature of 500°C
is compatible with the conservation of good magnptoperties of IIPC, the attention has been
devoted to select a material able to introduce mweichl advantages under heat treatment at the
reported temperature. As a consequence, the attehtis been addressed to the aluminium,
which at 500°C presents a sort of pre-sinteringabietur (in the case of the IIPC components
made of metal powder cannot obviously be sintersthbse each particle has to be electrically
insulated from the others), with the possibilityaofluid migration around the IIPC grains, and
good rigidity after the cooling process. The prddcof a mixture of different powders; typical
soft magnetic powders represent by IIPC and Aluammialloy 321 as a possible additional
element, which are responsible for the more homeges microstructure and as a better
plastically ability agent than matrix powder oneespite of the densification phenomena of
aluminium alloy addition [24, 26] some additionasearch and focused on the densification
behaviour is needed.

The summary of magnetic properties is given inRie 13.

The presenFig. 13 show that the magnetic properties are really fyatig the requirements of
producers; despite of fact that in investigatedrasitructures some discontinuities occur, such as
interconnected and residual porosity.

Additionally, the ideal result should be the reafian of a kind of spatial cage around the single
insulated magnetic grains adding mechanical resistavithout losing too much of the magnetic
properties.
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Fig. 13 The summary of magnetic properties

5 Conclusions
The results show that:

1. The microstructure investigation reveals that foatenials with high aluminium
contents, the pores are oriented near or surrogrttim aluminium particles, as well as
after heat treatment shows coarse-grained struciite a minimum number of
inclusions within the grains and at the grain baries.

2. Magneric properties increased with decreasing densgiue to the enhanced
densification by means of applied pressing pressme promote porosity reduction
during heat treatment.
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