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The purpose of the experiment was to evaluatettbetaral changes induced in PZT (Lead Zirconate
Titanate) ceramics under combined electrical andhawaical loading. Ceramic specimens having
compositions lying on both sides of the morphotrqgiase boundary at Zr/Fi53/47 were examined using
high energy XRD on ID11. Several rhrombohedral (Z#50/40) and tetragonal (Zr/Ti = 47.5/52.5, 50/50
and 52/48) materials were investigated. One comipastlose to the AFE-FE (Antiferroelectric-
Ferroelectric) phase boundary at Zr£195/5 was also studied in order to determine tlanghls in structure
caused by the stress-induced rhombohedral (FEYtoriombic (AFE) phase transformation. An electric
field of up to 4 kV mnit and a uniaxial compressive stress up to 300 MPa agplied along the polar axis
of the specimen, perpendicular to the directiothefincident x-ray beam.

The electric field and mechanical load were bothti@sled remotely using a Chevin Research highagst
amplifier and a Deben Microtester respectivelyirBahsional diffraction patterns were recorded ushey
Frelon CCD camera with an acquisition time of 20 s anth\an x-ray photon energy of 80 keV. As an
illustration of the results obtained during the eximent, a typical 2-D diffraction pattern obtairedter
poling a rhombohedral PZT 60/40 ceramic is showhign 1(a). Analysis of the diffraction patternsngs
Fit2D andX-fit (available from the CCP14 web site) demonstrdtatidfter poling both the position of the

{200} peak and the relative intensities of the (Lafhd (111) peaks exhibited significant variations as a

function of the grain orientation), due to the development of residual stress amddlsctric domain
switching respectively.

The lattice strairg{200} and the ferroelectric domain fraction R(110th exhibited abrupt changes at an
electric field of 0.7 kV mrit due to ferroelectric domain switching, as showRim 1(b) for lattice strain.
€{200}was positive (tensile) along the poling direct, aty = 0°, and negative (compressive) in the
transverse direction, gt = 90°, in agreement with previous studfe® The domain fraction R(111) also
increased for {111} type grains orientedjat 0° and reduced for grains orientedpat 90° due to
reorientation of ferroelectric domains along theedlion of the applied electric field.
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Fig. 1. (a) Typical 2-D diffraction pattern for gol rhombohedral PZT ceramic and (b) change ircéatti
straing{200} during poling up to 3 kV mm.

The&{200}-cos?y plot derived from these results, Fig. 2(a), wasrapimately linear, in agreement with
previous results and in accordance with our micrrasical mode? In contrast, the R(111)-cajs plot

became distinctly nonlinear and showed evidensatifration of domain switching nagr= 0° and fonp >
60°. These data confirm the observations maderiranlier in-situ study of rhombohedral PZT cerastiit
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Fig. 2. (a)e{200}-cos’y and (b) R(111)- cdg relationships for rhombohedral PZT ceramics umaeious
electric field levels.

The application of a uniaxial compressive stress poeviously poled specimen gave rise to a gradual
reversal of the lattice strain from tensile to coegsive fonp = 0° and caused ferroelastic domain switching
away from the polar axis, as shown in Fig. 3(ayiMas experiments were also carried out to exploee
combined influence of an applied electric field @andniaxial compressive stress. It is shown in &{f) that
under a static compressive stress of 100 MPa,risetaopy in lattice strain was gradually reducgdhb
applied electric field until an almost uniform staff strain was obtained at a field of 3 kV fhm
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Fig. 3. Changes in lattice straa{00} for poled PZT ceramics under (a) increasiognpressive stress (zero
field) and (b) increasing electric field at a stairess of 100 MPa.



The occurrence of a stress-induced ferroelectrantderroelectric phase transformation in rhomlabshe

PZT ceramics having a Zr/Ti ratio of approximat@8/5 was investigated by examining the changelsan t
diffraction patterns on increasing stress from 8@06 MPa. It was found that a new diffraction peakich
could be identified as the (0Qdeflection of the antiferroelectric orthorhombicgse, appeared for stresses
above 150 MPa, as illustrated in Fig. 4(a). Furtiare, the position of the rhombohedral (20@flection
shifted progressively under stress up to 150 Midicating an elastic strain, but then remained
approximately constant as the rnombohedral (FB)ytttorhombic (AFE) phase transformation progressed.
These results can be explained in terms of theroamoce of a gradually increasing tensile residtraks in

the untransformed rhombohedral phase. The toedstcomprising the sum of the compressive applied
stress and the tensile residual stress, remainsxpately constant during the course of the tramsftion
with the result that the lattice parameter of theeansformed rhombohedral phase is almost unchafioged
stresses between 150 and 300 MPa.
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Fig. 4. Changes in {200} diffraction patterns of P45/5 ceramics under increasing compressive st@ss
grain orientations at (a)) = 0° and (b)) = 9C.

It was also found that the stress-induced orthothiofAFE) phase was strongly textured, with thersdrac-
axis being oriented preferentially along the di@tbf the applied uniaxial compressive stressaAssult of
this, the (004 reflection was absent in the diffraction pattefiorsgrains oriented ap = 9¢°, as shown in
Fig. 4(b). The data obtained from this investigatonfirm the results of our previous study of the
rhombohedral (FE) to orthorhombic (AFE) phase ti@msation in PZT ceramics, which was carried out
using neutron diffraction at ISI$.Further analysis of the results will also be utalen in order to quantify
the fraction of orthorhombic phase for intermedigi@in orientations betweeri &nd 90 and to demonstrate
the suppression of the antiferroelectric phasenbgpplied electric field.

The experiments conducted were highly successfilianthe ferroelectric domain switching behaviand
FE-AFE phase transformations in a range of PZT daseamics were examined under the combined
influence of an applied electric field and compresstress. Some of the results obtained from tindyshave
confirmed the findings of our previous work, whilthers have yielded new information on the comgetin
effects of electric field and mechanical stresshenlattice strain or domain fractions. In compamisvith our
previous experiments (ME-441 and ME-881), whichewearried out using the Kuma diffractometer, the us
of theFrelon 2-D detector has improved the data acquisitios Ibgta factor of at least 50, with only a small
reduction in angular resolution. The resulting cambon of high energy synchrotron XRD with tReslon
detector on beamline ID11 at ESRF has been pravprovide an ideal facility for dynamic studies of
domain switching and phase transformations in &euarics.
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