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Effect of thermomagnetic treatment on microstructure and tensile

properties of aluminum borate whisker reinforced aluminum

composite containing Fe3O4 particles
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Aluminum borate whisker (Al18B4O33, denoted by
ABO) reinforced aluminum composite (denoted by
ABO/Al) has been extensively investigated on account
of good mechanical properties and fairly low cost
[1–3]. The thermal mismatch stress (TMS) caused by
mismatch of coefficients of thermal expansion (CTE)
between the reinforcement and matrix is one of inher-
ent characteristics of metal matrix composites [4–6],
and has some undesirable effects on the properties of
composites, such as yield strength, fatigue life, and di-
mensional stability [7–9]. The low tensile yield strength
resulting from the residual stress limits the application
of composites in many precision structural parts.

It is very important to find a technique to reduce the
TMS and to maintain a higher density of dislocation in
the matrix for the optimization of the tensile properties
of ABO/Al composite, which is the main aim of the
present study.

The authors [10] have successfully developed an
aluminum matrix composite reinforced by both alu-
minum borate whisker and Fe3O4 particles [denoted
by (ABO+FO)/Al], and a higher tensile strength
was attained in the composite after thermomagnetic
treatment.

In the present study, the dislocations in the matrix
for as-cast and thermomagneticially treated compos-
ites were observed using a transmission electron mi-
croscope (TEM), and the effect of thermomagnetic
treatment on microstructure and tensile properties of
(ABO+FO)/Al composite is discussed.

The (ABO+FO)/Al composite used was fabricated
using a squeeze casting method with the whisker and
particle volume fraction of 24%, and the volume ra-
tio between ABO whisker and Fe3O4 particle was
about 4:1. The matrix used was pure aluminum, to-
gether with ABO whiskers with a diameter of 0.5–1 µm
and a length of 10–30 µm and Fe3O4 particles with a
diameter of 40–60 µm. To prevent the interaction
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between Fe3O4 particles and aluminum, the Fe3O4 par-
ticles were coated using a chemical method [10].

The specimens were thermomagneticially treated at
100◦ for 1 hr with a pulsed magnetic field of about
400 kA/m perpendicular to the section plane of the ten-
sile specimen. The microstructures of (ABO+FO)/Al
composite before and after thermomagnetic treatment
were evaluated on a type CM-12 TEM. Thin foils for
TEM observation were prepared by ion milling.

The dimensions of the tensile specimens are shown
in Fig. 1. The tensile tests were performed on an IN-
STRON type 5569 tensile machine with a tensile rate
of 0.5 mm/min.

The comparison of ultimate tensile strength (UTS)
and elongation of as-cast, and thermomagneticially
treated (ABO+FO)/Al composite is shown in Fig. 2. It
can be seen that the UTS of as-cast composite is about
240 MPa, and after thermomagnetic treatment, the UTS
is enhanced to about 320 MPa. As shown in Fig. 2b, the
elongation of the composite is clearly increased after
thermomagnetic treatment. Thermomagnetic treatment
is a very effective technique for improving the tensile
properties of (ABO+FO)/Al composite.

To analyze the mechanism of the effect of thermo-
magntic treatment on the UTS, TEM observation of the
dislocations in the matrix was carried out.

Fig. 3a shows the dislocation configuration in the
matrix of the as-cast composite remote from ABO

Figure 1 Dimension of a tensile specimen (in mm).
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Figure 2 UTS and elongation of as-cast and thermomagneticially treated (ABO+FO)/Al composite.

Figure 3 TEM micrographs of dislocation configuration in the matrix of the as-cast composite, (a) remote from ABO and Fe3O4, (b) and (c) adjacent
to ABO-Al and Fe3O4-Al interfaces.
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Figure 4 TEM micrographs of dislocation configurations in the matrix of the thermomagneticially treated composite: (a) adjacent to ABO-Al interface,
(b) adjacent to Fe3O4-Al interface, and (c) in the region between two whiskers.

whiskers and Fe3O4 particles. It can be seen that
the dislocation density is low, and the main state of
dislocations is straight.

Fig. 3b and c give the dislocation configurations adja-
cent to ABO whiskers and Fe3O4 particles in the matrix
of the as-cast composite, respectively. It can be seen that
the dislocation density is also not high, in the meantime,
some helical dislocations are found, which result from
vacancies absorbed by screw dislocations.

Fig. 4a shows the dislocation configuration adjacent
to an ABO-Al interface in the matrix of the composite
thermomagneticially treated. A high density of curved
dislocations is observed in the region.

Fig. 4b gives the microstructure adjacent to an Fe3O4-
Al interface in the matrix of the composite thermo-

magneticially treated. It can be seen that there are
many curved dislocations in the matrix. In the region
of the matrix, many dislocation loops can also be found
(shown by arrows). The formation of the dislocation
loop may result from vacancy concentration.

Fig. 4c shows the dislocation configuration in the ma-
trix of the composite in the region between two whiskers
in the composite after thermomagnetic treatment. Many
helical dislocations which result from vacancies ab-
sorbed by screw dislocations are found.

Comparing Fig. 3 with Fig. 4, one can conclude that
the dislocation density in the matrix of composite ther-
momagneticially treated is much higher than that of
the as-cast composite. It is found that the dislocation
loop and helical dislocation densities in the matrix of
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composite after thermomagnetic treatment are much
higher than those of the as-cast composite.

On the basis of this study, the nature of the effect of
thermomagnetic treatment on the microstructure and
tensile properties of (ABO+FO)/Al composite can be
discussed. Because of the magnetostrictive properties
of Fe3O4 particles, the size of Fe3O4 particles may
alter periodically with changing external magnetic
field, which results in a lot of vacancies being produced
at the interface between Fe3O4 and matrix, and the in-
terface between the whisker and matrix. Because the
specimens were thermomagneticially treated at 100 ◦C,
vacancies can diffuse from the interface to the interior
of the matrix, which results in the volume of the ma-
trix increasing. Vacancies induced by thermomagnetic
treatment can be confirmed by the observation of higher
density dislocation loops and helical dislocations in
the matrix of thermomagneticially treated composite.
Hence, the TMS of the composite was reduced, which
leads to the increase of the elongation and UTS of the
composite. On the other hand, the dislocation density
in the matrix of composite thermomagneticially treated
was enhanced, which suggests that the TMS can be
relaxed through the plastic deformation of the matrix
during thermomagnetic treatment. A high density of
dislocations is also beneficial in increasing the UTS of
the composite.

According to this study, the main conclusions are as
follows. Firstly, the tensile strength and elongation of
(ABO+FO)/Al composite are enhanced, and the UTS
of (ABO+FO)/Al composite can reach 320 MPa after
the thermomagnetic treatment. Secondly, the disloca-

tion density in the matrix of the composite after thermo-
magnetic treatment is higher than that of as-cast com-
posite. Thirdly, vacancies can be produced during the
themomagnetic treatment and some vacancies are ab-
sorbed by screw dislocations or form dislocation loops,
which increases the tensile strength of the composite.
Finally, one can conclude that thermomagnetic treat-
ment is a very effective technique to improve the tensile
properties of whisker reinforced aluminum composite
containing magnetostrictive particles.
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