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tests for the poled and unpoled composites, which was compared to th
R = 0.1 at frequency of 20 Hz with sinusoidal waveform. The present
lithic Al2O3. From the detailed observations, it was found that the im
domain switching. The relationship between da/dN and Kmax was ev
stress intensity factors for unpoled and poled composites were higher
� 2006 Elsevier Ltd. All rights reserved.
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1. Introduction

In recent years, new functional composites, such as com-
posites with piezoelectric secondary phases, have been
increasingly interested. Ceramic composites with func-
tional materials as dispersoids have been found to improve
the mechanical properties, and also some new functions
can be introduced into the structural ceramic materials
[1–3]. For ferroelectric/piezoelectric ceramics, domain
switching can be caused by mechanical stress and/or elec-
tric field. The domain switching plays an important role
on the toughening mechanism in BaTiO3 and PZT ferro-
electric ceramics [4,5]. However, there have been few stud-
ies on toughening mechanisms in the composites. In the
previous work [6], BaTiO3–Al2O3 composites could be pro-
duced by using a spark plasma sintering method. The dense
composites could be obtained compared to those by the
conventional pressure-less sintering method. The fracture
toughness of the BaTiO3–Al2O3 composites was improved
and the highest fracture toughness of 6.04 MPa m1/2 for the
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tric phase was studied by carrying out four-point bending fatigue
at of monolithic Al2O3. Tests were conducted under load ratio of
composites exhibited high fatigue resistance compared to mono-
provement of fatigue strength was mainly due to stress-induced
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aluated by conducting fatigue crack growth tests. The threshold
than that of monolithic Al2O3.

titanate; Alumina

Al2O3 composite with 5 mol% BaTiO3 was achieved, while
that of the monolithic Al2O3 was 4 MPa m1/2.

An electric field can switch a domain by either 180 or
90�, while a stress can switch a domain by only 90�. A
180� domain switching can cause a direct change of polar-
ization and leads to a change of piezoelectric compliance
tensor. A 90� domain switching can cause a direct change
of both polarization and strain. Domain switching is asso-
ciated with the domain wall movement. Experiments
showed that when an electric potential or a mechanical
load exceeded a critical value, the domain wall began to
move and the amount of movement was related to the
intensity of the load [8]. Effects of stress on the piezoelectric
capabilities of lanthanum-doped lead zirconium titanate
(PLZT) ceramics have demonstrated that the applied exter-
nal compressive stress can lead to the disappearance of the
hysteresis loop behavior by complete inhibition of 90�
domain movement [8]. Therefore, the high level mechanical
stressing of PZT produces irreversible deformation by the
irreversible switching of 90� domains. This leads aniso-
tropic deformation behavior in poled materials. The cyclic
stressing of PZT may cause significant incremental increase
in the irreversible strain. This behavior may also result in
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