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KECEOUGCE OF FXREGEIZECTRIC CIERAMICE 70 ° STRECD
I.J. Fritz, Org. 5132
Sandis Laberaterics, Albunuecque, Hew Mexico 87139

Abntraet

Chunges in electricesl polurization of ferroelectric ceramics "UJ]QCIFU
to non-hydrostatic stress can be caused vy rofiition of ferrcel
or, in the case of mul: 5 near ferroelectric to zntiferroeleciric p
boundrries, by a strezs-induced phase trznsformaztion., Both prorezzen nave
been observed in mechenical measursments made on FZT 959, The re
sultc may have iwportent, implicabicns Onr Lhe cpiratien of sheocek--
ferroelcetric power supplies.

Lages el
UL

Ferroel:ctric materizls with strocs-induced ferrocleciric (FE) to
antiferroelectric (AFE) phagse truncitions ure of interzit becwase of their
use in shock-pulse setunked power supplies T1-37. At precent, :
limited underst.n 7 of the oprraticn of cuch deview:z haz beun
A major fuctor limiting the understindinm of ctress-wave prop
FE's is the fact that a correct theory must be quite ccmplex, both be
a number of iwportint phycicul provessas mist be ineluws
thece processes are highly nonlinear, rute-dependent and coupled = one
another Tl ;57. Measurements of electrizul and mechanical properticc under
conditions of statically applied stress cun provideo informution that ic
heluful in eluciduting many of tke properties of FE ceram B3, Al-
though the strecs states and timc scales of static-streoss experiments are
not the same as under shock-pulse loading, the physiczl processes %hnat
occur should be qualitatively similar.

In thic paper scm2 rccont experiments on PZT G5/5 cerumics will be
reviewed., Results of mechanical measurements, made on unpoled material only,
will be presented. Much of the Interesting stress response can be seen in data
from sueh studies. Experiments under hydrostatic-pressure conditions will
also be briefly discussed.

Experiuents

The chemical formula of the niobium doped F2T 95/5 used in the experi-
ments 1s Pbo.ggNho'02(2r0'95T10'05)0‘9803. Most of the studies were done

on material which was ;irepared by chemical coprecipitation followed by hot
pressing, although some work has been done on low-density sintered material
(67, The hot-pressed material typically withstood uniaxial stress levels
up to ~ 0.6 GPa, whereas the sintered material usually broke at ~ 0.4 iPa.

Experimental techniques used to obtain electrical and mechanical duta
A were standard and will not be discussed in detell. Mechanical strains were
measured by small strain gauges cemented to the rectangular sample faces.

3 Measurements of longltudinal sound veloclties were made pulse-
superposition technique at 10 MHz.
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The nydrostuatic pressure 43 will be diccussed first., PZT 95/5 unier-
goes a preosure-induced FE-AFE trunsition at a pressure of 0.2 GPz under
hvérostatic conditions. The trunsition caen be seen in Fig., 1, which is a
plot of the volume struin x, = (V -V )/V as a funciien of pressure for
«n unpoled sample. Here V 15 the volfiae £t pressure p and V_ is the ini-
tinl volume. With increzsing pressure, the transition from FE to AFE is
marked by the rzther sharp downward break in tha curve ut 0.2 GPa. The
plot showe significant curviture up to ~ 0.8 GPa, whereufter the strain
tecomes relztively linear wicth pressure. Ac o function of decrenzing nres-
sure, the strain exhibits hysterstic behavior, and the reverse transforma-
ticn is only purtially compleiz at atmospheric pressure. The overzll change
in struin due to the trapsition is 0.8%,

The ultrusonic dztu aus a function of pressure sgain for un ‘inpoled
sumple, are hown in Fig, 2. The variuble I(p) is a measured pulse repeti-
tinn rate mi is preportional to the leonritudinel sound velocity. From
Fig. 7 it n that tie~ FE-AFE tranciticn i3 acccmpanied by an wnomalous
increzse in velocity of - 14%. Such an increase is expected, as the transi-
tion ic to a denzer, snd hence mechanicully stiffer, phase,

Under coniitions of =ppli tress, it is to be expected that

anonalics nilar to those 2 - and 2 should be observed if the

ion oczurs. However, there is a complicaticn becaouse domain
ccess alze are sxpected (7,87, Domain reorientation

the cryctalline unit cell is elongated along the polarizction

he influence of an applied stress, the domzins whose polar

d closs to the stress direction will tend to switch to =

the polur s more nexrly perpendicular to the stress

7itn inereusing stress, the strain x, parallel to the stress
direction should exhibit zn anomalous decrease, “as the domains switch,

whereas the struin e should have an anomalous increase. These anomalies
are with respect to “the normel elastic strains produced by the applied
stress, ard they oceur decause of the elongation of the unit cell along

the polarization direction. No anomaly in the volume sirain =2x, + X

is expected. The ultrasonic velocity perpendicular to the stress directiobn
should show an anomalous decrease due to switching, because the ferroelec-
tric perovskites are softer along their polarization axis than perpendicular
to it.

M om

it

on proces

Strain gauge data for PZT 95/5 under unlaxial stress are given in Fig.
3. The lhree curves are for the strain xg normal to the stress, the volume
strain x, and the strain x3 parallel to the stress. The dashed lines repre-
scnt the purely elustic contribution, as predicted from elastic constant data,
The response is elustic only for very low stress levels (< 0.05 GPa). In
the range of ~ 0,1-0,3 GPa x, has an anomalous increase and x. an ancmalous

decrease, &S would be expected for a domein reorientation profess. However,
also has en anomnly in the 0.05-0.3 GPa runge, indicating that some of

the crystzallites muy actuslly be transforming beginning at ~ 0.05 GPa, From

~ 0.3 GP2 up to the highest stresses attained, the data show that the phase
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CORLIACY %, znd the dovmward inflection 7 1 three ours
not indicute ela3tic behavior even b
experizn.at, and it iz eonclude? Yhot “he
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Ultrasonic data az o function of uniwxial strecs are
which chows relaztive velocify oh =, az a functicn of
propufating perpendicular fo Lhe dircction. Th
abore conelucion that both do tion ara
orcur in the experimental stress ranes,  Betwee
increaces slightly, I Jue ezplunation propound nbove for the b
the atrning between 0,05 and 0.2 P2 (partial transfermation, zceoor
Ly demain rotution) is carrect, than the 1L rhunpge in velo
0.15 G iz the not effect of the two proerc: which hive oup
feets on the velonity. Betwesn 0,15 wnd G027
indicating that demain reorientation domin
GPu the velocity riz rupidly wi i
laree increuse aszneisted with the
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Conclucion

The dnta discu d above show that ton
to wni: 1 strongs iz determined t .
pracesces und the FE-AFE troansfor The sune
the response of the muterial to shoek-wnve losding, ultho
tative compuarison iz not poszidle, because the shresc siut
(uniaxial strain conditicns) ond becnuse rute affocts «f
tent f97. Theras are, in fect, some published datu which indicate
effects abuorved under uniaxiul strece and shock-wave lowding may
lar. One of thr most striwing featurcs of the uniz Jata pre-
sented above is the broad spreading of the FE-AFT phace tranzition compured
to the hydrostatic-pressurc cuase, Similar behavior wuy found by Lyzne L)

in & study of shock-induced depoling of BZT 95/9 in +he "normal mode" con-
figuration (shock wuve und polzrization directions perpendicular). Lysne
fourd that stresses greater than 1.6 GPF2 were necess:iry ror complete
depoling. This may be a larger stress thun is needed to complete the bransi-
tion in an unpoled sample under uniaxial stress conditions, Yut a somewhat
larger transformotion stress i1s expected in the shock-wave cuse, beciuse of
the stress being perpendicular to ithe polarization direction, and because a
lerger stress is required to produce a given volume change [107.

In conclusion, it appears that a complete theoretical descript:ion or
shock-loaded FE’s will requires taking a number of factors into account, in-
cluding rate-dependent switching and transformation processes, and the
anisotropic nature of the material.
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Figure Captions

Fig. 1 Volumetric strain a function of hyirvostztic pressure for PZT 95/5.
Charp drop at ~ 0.2 CPa iz dne to the FE-AYE phase transition.

:3<3

Fig. 2 Reduced ultrasonic pulse repetition rate versuz pressure for PZT 95/5.

Fig. 3 axial (x,,%x.) and volumetric (x,) strains versus uniaxial <tress
(¢c,) for PZT 95/5. Dashed lines reovesent elastic behavior predicted
from ultrasonics. DBeviaticns from elastic behavior are due to dem
switzhing and phase transition, as explained in text.

%in

Fig. 4 Ultresonic dutu versus uniecxial stress for PZT 95/5. Data are for
longitudinal waves propagating normal to the strezs direction,
Velocily decreass is due bo demain rotation, large increase iz dus
to FE-AFE transition,
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