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Abstract

Effect of polarization treatment on the mechanical properties of 15 vol.% LiFd@D; ceramic composite (denoted 15LTA) hot pressed
at 1300°C was investigated and discussed. It was found that polarization treated along the width of bending specimens, both improved the
flexural strength and the fracture toughness of the composite. The mechanical properties of polarization treated 15LTA ceramic composite
almost returned to the original state after inverse polarization treatment. The changes in mechanical properties of 15LTA composite were
related to the residual polarization in LiTa@articles. Crack detour around LiTa@articles, crack deflection and branching caused by
domains and domain switching induced by propagating crack were the three main factors for the improvement of the mechanical properties
of LTA ceramic composite polarization treated along the width.
© 2004 Elsevier Ltd and Techna S.r.l. All rights reserved.
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1. Introduction lithic Al 203. In this paper, we attempted to investigate the
influence of polarization treatment on the mechanical prop-

High electric field may cause changes in mechanical and erties of 15LTA ceramic composite. The toughening mech-

electrical properties for monolithic ferroelectric materials anisms in polarization treated LTA ceramic composite were

[1-8]. For example, Vickers’ indents on polarization treated also discussed.

ferroelectrics revealed the anisotropy of fracture toughness.

The crack propagating along the polarization direction has a

shorter length and an apparently higher fracture toughness. ]

The crack propagating normal to the polarization direction 2 Experimental procedure

has a longer length and an apparently lower fracture tough- ] ] . )

ness. Structural ceramics containing dispersed ferroelectric  Commercially available alumina, ADs, powder (High

particles have been found to exhibit improved mechanical T_ech Ceramic Institute, Beijing, China) an_d lithium tantalate,

properties. In our previous stud9], Al,O3 matrix ceramic ~ LiTaOs, powder (Dongfang Tantalum Joint-stock Corpora-

composite with a dispersion of LiTa@iezoelectric ceramic ~ tion, Ningxia, China) were used as starting powders. The

particles (denoted as LTA) was prepared by hot pressing at@verage particle sizes of ADs and LiTaQy powders were

1300°C. It was found that the mechanical properties of the ~0-3 and 3.Gum, respectively. They were mixed in a prede-

composite containing 15 vol.% LiTaQarticles (denoted as ~ términed ratio (LiTa@Al203 = 15vol.%) by ball-milling

15LTA) were greatly improved relative to those of mono- With ethanol for 24 h. The dried powder mixture was hot
pressed with a graphite die into a disc with the dimension

of ¢ 55 x 4.5mn? at 1300°C for 90 min under a pressure
* Corresponding author. Tek86-10-62794482; of 25 MF.)a In Vacuum'
fax: +86-10-62770190. The disc was cut into rectangular bars of 4 @ mmx
E-mail address: liuyangai@mail.tsinghua.edu.cn (Y.G. Liu). 36mm and 4mmx 2mm x 20 mm for flexural strength
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and fracture toughness tests, respectively. Silver electrodeghe residual polarization in LiTafparticles under electric
were vapor-deposited on both sides of the bars for the specHield application, the flexural strength and fracture tough-
imens which were treated with polarization before bending ness are thought to return to the original state by removing
test. Polarization treatment was performed at 8DGand the residual polarization. Therefore, the specimens polariza-
500V/mm for 1h in vacuum. The polarization directions tion treated along the width were heated to 760(above
were along the widthvwj) and the heighth() of the specimens  the paraelectric— ferroelectric phase transition tempera-
for three-point bending test, respectively. The strength wasture ~630°C of LiTaO3) and kept for 3h and then cooled
evaluated by three-point bending technique. The fracture down to room temperature to remove the residual polariza-
toughness was determined by single-edge-notched-beantion. This process was referred to inverse polarization treat-
(SENB) test. Three to five specimens were tested to deter-ment. The mechanical properties of specimens after inverse
mine the flexural strength and fracture toughness for eachpolarization treatment were compared with those before and
condition. Vickers’ indentation crack was introduced on the after polarization, as also shown Table 1 It can be seen
polished surface of the specimens under a load of 147 Nthat the mechanical properties of polarization treated 15LTA
with a dwell time of 10 s. The crack propagation paths were ceramic composite almost returned to the original state af-
observed by SEM. ter inverse polarization treatment. To get rid of the effect of
heating during inverse polarization, some polarization un-
treated specimens were heated to 760and kept for 3h
3. Results and discussion under the same condition. Such treated specimens were also
compared to the original ones, as also showiiable 1 It
The average flexural strength and fracture toughness ofwas found that there were no evident changes in the me-
15LTA ceramic composite before and after polarization chanical properties of the heated and the original specimens.
treatment are given ifiable 1 The minimum and maximum  Therefore, the recovery of mechanical properties of 15LTA
data are shown as errors. To eliminate the effect of heatingceramic composite after inverse polarization treatment is re-
during polarization treatment, some of the untreated speci- ally related to the elimination of residual polarization. These
mens were only heated at 500 for 1 h without applying  results provide further evidence that the residual deforma-
an electric field and cooled down to room temperature. The tion due to residual polarization would be the origin of the
mechanical properties of them are also giverTable 1 It improvement in mechanical properties of LTA ceramic com-
can be seen that polarization treatment along different di- posite. The flexural strength and fracture toughness did not
rections had different effects on the mechanical properties perfectly return to the original state by simply removing the
of 15LTA ceramic composite. Polarization along the width, residual polarizationTable ). It is probable that some irre-
both improved the strength and the toughness of 15LTA versible change would occur on long time polarization treat-
ceramic composite. But polarization along the height, both ment. Similar results have been reported for BaT&pO;
decreased them. It was found that heating treatment alonecomposite[10].
had no evident effect on the mechanical properties of 15L.TA  SEM observations on indentation crack propagation paths
ceramic composite. Therefore, it can be concluded that are shown irFig. 1 According to our previous stud$], no
changes in mechanical properties of LTA ceramic composite crack detour around LiTagparticles was detected for LTA
after polarization treatment should have no relations with ceramic composite before polarization treatment. Instead,
heating and cooling process. It should be caused by the ap-crack detour occurred in LiTafparticles. But a different
plied electric field. The changes in mechanical properties of case appeared for the polarization treated specimens. Crack
LTA ceramic composite after polarization treatment should
be related to the residual polarization in LiTa@articles.
If the improvement in mechanical properties of LTA ce-
ramic composite after polarization treatment is really due to

Table 1
Flexural strength and fracture toughness of 15LTA ceramic composite
before and after polarization treatment and after inverse polarization treat-
ment

Specimens Flexural Fracture
strength toughness
(MPa) (MPam?/2)
Before polarization treatment 4500 33.5 4.50+ 0.53
Polarization treated alongy 457.2+ 30.3 4,80+ 0.74 e N T e
Polarization treated along 431.3+ 71.2 4.20+ 0.13
Only heated at 500C for 1h 446.0+ 38.5 4.55+ 0.18

After inverse polarization treatment 45046 47 3 4.60% 0.11 Fig. 1. SEM micrographs of crack propagation paths in 15LTA after
Heated at 766C for 3h 452 0+ 56.2 4.58+ 0.37 polarization treatment. (a) Crack parallel to the polarization direction, (b)

crack perpendicular to the polarization direction.
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propagating parallel to the polarization direction produced 4. Conclusions
detour around LiTa@ particles, as shown ikig. 1(a) But
crack propagating perpendicular to the polarization direc- Al,Os matrix ceramic composite containing 15vol.%
tion still got through LiTaQ particles and no detour around LiTaOsz ferroelectric ceramic particles hot-pressed at
them was observed, as shownHig. 1(b) In addition, less 1300°C was polarization treated along different directions.
crack detour in LiTa@ particles was observed in the polar- Polarization treated along the width of bending specimens,
ization treated specimens. Detour of cracks around LgTaO both improved the flexural strength and the fracture tough-
particles in LTA ceramic composite after inverse polariza- ness of the composite. Whereas polarization treated along
tion treatment was no longer observed. the height, decreased both of them. The mechanical prop-

It has been proposed that domain switching is a new erties of polarization treated 15LTA ceramic composite
toughening mechanism in structural ceramic composite con-almost returned to the original state after inverse polar-
taining a dispersion of ferroelectric particls. According ization treatment. The changes in mechanical properties
to the literaturg11,12] when domains arrange perpendic- of 15LTA ceramic composite after polarization treatment
ular to the crack, the I-type stress field ahead the crack tip were related to the residual polarization in LiTa@arti-
can hardly cause domain switching. Only the vertical stress cles. Crack detour around LiTa@articles, crack deflection
field behind the crack tip may induce some domain switch- and branching caused by domains and domain switching
ing. When domains arrange parallel to the crack, large induced by propagating crack were the three main fac-
amount of domain switching can be induced before and be-tors for the improvement of the mechanical properties
hind the crack except for the region right before the crack. of LTA ceramic composite polarization treated along the
That is to say, the crack parallel to polarization direction width.
can cause much domain switching. Whereas that perpen-
dicular to polarization direction induces only little domain
switching. For LTA ceramic composite polarization treated Acknowledgements
along the width, domains arranged almost along the width.
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