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Report:

The aim of the experiment was to determine the gbsuim lattice strain and ferroelectric-ferroelaskbmain
fractions in piezoelectric ceramics under combimdekctrical and mechanical loading conditions. More
precisely, the purpose was to establish how diffiyeoriented grain families respond to produce a
macroscopic average strain of zero under the bhgckiress conditions and hence to estimate theitndgn

of the residual inter-granular stresses. The thate been successfully conducted on two polyctystal
piezoelectric materials, a tetragonal PZT51-49arndombohedral PZT55-45.

The experiments were conducted using small squateekrod specimens with dimensions of 1 mm x 1 mm
x 3 mm, machined from larger ceramic disks. XRDc@gewere measured in transmission, using a CCD
detector with an x-ray photon energy of 78 keV. Admanical compressive stress was applied in-sihgus
the ESRF mini-stress rig. An electric field up ta&k¥/mm was also applied in-situ using a high voitag
amplifier, insulated from the mechanical testingaatus by means of alumina spacers. The testdixtas
immersed in insulating silicone oil to prevent éliecbreakdown during the high voltage tests. Usaety
was assured by using a magnetic cut-out switchhéohigh voltage amplifier, attached to the doothsaf
experimental hutch.

The experimental procedure was as follows: the samps first poled, or repoled, under an elecietdfof

4 kV/Imm and then subjected to a static electritdfia the range 0.5 to 2.5 kV/mm, inducing a temsil
piezoelectric strain along the electric field axdscompressive stress was then progressively apptiehe
direction of the electric field so as to approxietatcancel the piezoelectric strain. The stress fivesly
released, and a new cycle started again for anottiee of the electric field. By this means it wesssible to
construct blocking stress curves similar to thosasared from macroscopic tests, but defined frdocal
point of view in terms of the lattice strain foragr families having specific crystallographic oti@ions. The
variations in the applied electric field and congsige stress recorded over time for a typical erpart on a
rhombohedral PZT55-45 ceramic are illustrated o Ei
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Fig. 1. Changes in applied electric field (top) auaimpressive stress (bottom) during the in-situdilog
experiment on a rhombohedral PZT55-45 ceramic.

Selected regions of the diffraction patterns olgdiduring the initial electric field cycle are peaged in Fig.
2. It is evident that the (200) peak exhibited it $b lower angles forp = 0, indicating the development of a
tensile strain along the electric field directi@md a shift to higher angles fgr = 90°, corresponding to a
compressive strain in the transverse directiongs Was accompanied by an enhancement of the (k&R p
intensity relative to that of the (-111) peak §o= 0 due to ferroelectric domain switching along thirection
of the applied electric field.
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Fig. 2. Selected regions of the diffraction patteabtained during the initial electric field cydleetween
points A and B in Fig. 1).



A similar set of results was obtained during corapiee loading under a static electric field of &"@mm, as
illustrated in Fig. 3. However, in this case thegogite trends were observed, indicating that thaieg
compressive stress acted to cancel out the piedelstrain induced by the static electric field.
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Fig. 3. Selected regions of the diffraction patseobtained during the final compressive loadindeeyader a
static electric field of 2.5 kV/mm (between poitsand D in Fig. 1.).

Analysis of the (200) diffraction peak profiles thg the experiment yielded the results for latpacing,
d2oo presented in Fig.4. By comparing these data thiéhloading profiles shown in Fig. 1, it is possilbd
track the evolution of the lattice spacing undenbmmed electro-mechanical loading.
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Fig. 4. Evolution of lattice spacinggd during the loading experiment on a rhombohedral3%45 ceramic.



The resulting ‘blocking stress’ curves obtained fbe lattice spacing of the {200} grain family in a
rhombohedral PZT 55-45 ceramic with the scattexiegtor along the electric field direction<0°) are
shown in Fig.5(a). The observed trends are sinildbrm to typical macroscopic dathut they provide a
measure of the strains experienced by specifigfamilies’ on the local microscopic scale. It hastably
been possible to analyse the responses of graifidarhaving a range of orientations relative te threction
of the electric field/compressive stress axis. Thishown in Fig.5(b), where the blocking stresses for a
given electric field level (2.5 kV/mm) are plottéat different grain orientationsyE0 to 90°).
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Fig. 5. In-situ blocking stress curves for rhomlatia¢ PZT 55-45. Measurements conducted under (a)
different static electric field levelg/€0°) and (b) different grain orientations (E=2.5/kWn, y=0 to 90°).

A micromechanical modelling approach was used tthéu evaluate the results of this experiment. By t
means, it has been possible to interpret the evalutf the slopes of the blocking stress curvea asiction

of crystallographic orientation and single crysaalisotropy. It has been shown that the local elasti
anisotropy is very significant in this material thvan elastic anisotropy ratio (2C11-C12)) as high as 3.3
being obtained. In other words, the Young modulube grains can vary by a factor from 1 to 4 adoag to
the considered crystallographic direction. Suchiltesiave not been presented before and are tlecswlb a
paper in preparation. It is of particular importarsince single crystal elastic anisotropy playsagonrole in

the development of internal stresses in ferrodteatiateriald and is thus key to durability of piezoelectric
devices.
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