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Goal of the present paper is the analysis of the fracture surfaces of an Insulated Iron Powder Compound (IIPC)
with di�erent additions of aluminium alloy (0.25, 0.5 and 0.75 wt.%), in order to improve the mechanical properties,
evaluated as the transverse rupture strength (TRS) with su�cient magnetic properties (mainly represented by
the iron loss and coercivity force). Investigation of microstructure and porosity development concluded that
improvements in bending strength and impact values require the reduction of surface oxides during the heat
treatment, in order to get a proper load bearing area between the adjacent particles.
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1. Introduction

The ideal soft magnetic material, with respect to IIPC
(Iron Insulated Powder Compound), is an isotropic me-
dia with very high magnetic permeability, low coercivity
and high saturation induction. In addition, the material
could be easily shaped into 3D structures in order to fully
take advantage of the material's isotropic nature [1-5].
Due to the fact, as underlined in the past activity [6-9],

that a maximum temperature of about 500 ◦C is com-
patible with the conservation of good magnetic proper-
ties of IIPC, the attention has been devoted to select a
material able to introduce mechanical advantages under
heat treatment at the reported temperature. As a con-
sequence, the attention has been addressed to the alu-
minium, which at 500 ◦C presents a sort of pre-sintering
behaviour with the possibility of a �uid migration around
the IIPC grains, and good rigidity after the cooling pro-
cess. Di�erent powders have therefore been mixed, the
soft magnetic powder (IIPC) and an Al-Mg-Si-Cu alloy
(as the additional element), this latter responsible for the
more homogeneous microstructure and as a better plas-
tical ability agent than matrix powder one. Despite the
densi�cation phenomena provided by the aluminium al-
loy [10, 11], some additional research, focused on the den-
si�cation behaviour is needed. The more details about
the role of aluminium based alloy in iron based SMC
on magnetic materials, as well as the comparison of the
properties of investigated materials with original SMC is
presented in [12].

2. Experimental procedures

The IIPC material (commercial Somaloy 1P 700 pow-
der, Höganäs) has been blended with di�erent amounts of
aluminium alloy (commercial ready-to-press aluminium
based powder Alumix 321: Al - 0.95 wt.%, Mg -
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0.49 wt.%, Si - 0.21 wt.%, Cu - 0.07 wt.%, Fe - 1.6 wt.%,
lubricant, Ecka Granules). The investigated systems are
given in Table I.

TABLE IThe investigated systems.

System Chemical compositions

1 IIPC + 0.25% Alumix 321

2 IIPC + 0.5% Alumix 321

3 IIPC + 0.75% Alumix 321

Powder mixtures were homogenized using a laboratory
Turbula mixer for 20 min. Specimens with a di�erent
green density, obtained using a 2000 kN hydraulic press,
in a disc-shaped mould (Φ 40 mm) and unnotched impact
energy 55×10×10 mm3 specimens applying a pressure in
the range 200, 300, 400, 500, 600 and 700 MPa. Thermal
treatments in air at the maximum temperature of 500◦

C for 30 min were carried out on the evaluated systems.
The three-point bending (transverse rupture strength -

TRS) test is based on the deformation of the specimen by
bending with slow force until the moment when material
failure occurs in the area of tension/stress.
Fracture surfaces were investigated by means of SEM

JEOL 7000F. Densities were evaluated using the water
displacement method (Archimede's principle), according
to the ASTM B962 � 08 standard.

3. Results and discussion

Strength properties, evaluated in terms of TRS values,
are reported in the following Table II.

TABLE II

Strength properties represent by TRS values in MPa.

p (MPa) 200 300 400 500 600 700

1 25.25 43.26 42.64 27.75 20.62 19.35

2 34.76 43.56 39.88 26.98 20.24 19.33

3 37.74 44.77 40.79 21.60 18.08 16.56
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It is evident that, when applying compacting pres-
sures of 500 MPa or higher, a break point occurs in the
measured mechanical properties, presumably due to the
spring back e�ect deriving from the presence of Al based
powders.
To further study the heat treatment response of inves-

tigated systems, the evaluation of fracture surfaces was
performed. The main aim of the heat treatment process
is to develop inter-particle bonds, homogeneous distribu-
tion of aluminium alloying elements, and a reduction in
porosity. As shown in Fig. 1-3, a low level of sinter necks
was reached after heat treatment. There was no evidence
of major plastic strains at the inter-particle necks. In ad-
dition, well-de�ned insulated surfaces were present in the
systems close to the areas where secondary porosity was
present.

Fig. 1. Fracture surface of system 1.

Fig. 2. Fracture surface of system 2.

Fig. 3. Fracture surface of system 3.

The fracture analysis of investigated systems puts into
evidence the breaking of inter-particle neck connections.
Heat treatment (at the temperature of 500◦ C) con-
tributes to the early stages of inter-particle neck devel-

opments. The chosen aluminium alloy presents a sort of
pre-sintering behaviour at 500◦ C, with the possibility of
mass-transport processes around the IIPC, whereas the
applied air heat treatment, aims at providing an increase
in the mechanical behaviour of the material, with a �nal
good rigidity after the cooling process. Fracture surfaces
and TRS values show that, at 500 MPa, the strength and
the area related to the inter-particle necks can be corre-
lated to the occasional broken insulated point-to-point
surfaces that hinder the development of inter-particles
necks.

4. Conclusions

The goal of the present paper is to study the possi-
ble improvements of mechanical properties of IIPC parts
by means of the introduction of an aluminium alloy into
the powder mix. The strength properties of new inves-
tigated systems depend on the occasional broken insu-
lated point-to-point surfaces, hindering the development
of inter-particles necks.
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