
0.019 337 Piezoelectric body for an electromechanical transducer. The
invention relates to a piezoelectric body for an electromechanical
transducer comprising ceramic piezoelectric material. This type of ceramic
material is known from FR-A-2,332,962 with a composition within the general
formula. 5 [err] 10  in which [err], y and z are the respective mole
fractions of the constituents, the constituent [err] [err] is a compound of
a structure chosen from perowskite, pyrochiore, bismuth oxide layer type of
tungsten bronze type, L being chosen from Ca, Sr, Ba, Li, Na, K, Ag, La,
Bi, Cd and Nd and [err]  being each a substance chosen In the group
comprising [err [err] 2o being between 0 and 1, n is an integer between 1
and 4, preferably between 1 and 3, if n [err] 25 is represented by x, x+y+z
being 1,00, 0 [err] x [err]0.40; 0.05 [err] y  0.45, 0.40 [err] z [err]
0.95 and 0.00 [err] 1.00. In this disclosure the step of polarization has
been indicated as having to take place at a temperature between 20 and
[err] Polarization is necessary in order to make the ceramic body suitable
for use as a piezoelectric transducer, that Is to say the elementary
electric dipoles must be 30 irreversibly oriented in an electric field.
Data from the literature (e.g. US--PS 3,268,453 giving the composition
[err] - [err] [err] within the range of compositions of the above FR--A and
the Applicant's own experience teaches that polarization should take place
at a temperature between 100 and [err] for a period of time of about 1 hour
in an electrically non-conductive oil at a field strength of 1.5-4 MV/m 35
(KV/mm). 



The piezoelectric body for an electromechanical transducer on the basis of
the ternary system lead titanate - lead zirconate and a lead compound of
the type wherein part of the total [err]and Zr has been replaced by 1/3
mole of a bivalent metal and by 2/3 mole of a pentavalent metal, is
characterized according to the invention in that it consists of[err]wherein
M is one 40 or more of the alkaline earth metals Ca, Sr and' Ba,          -
0 [err] a  [err] 0.15, 0 [err] b  [err] 0.20, 0.01 [err] x  [err] 0.25,
0.40 [err] y  [err] 0.55, 45       0.20 [err] z  [err] 0.59 and x + y +
z)=1. According to the invention there is provided a piezoelectric material
having a composition within a range wherein a formed body consisting of
this material can as a rule be polarised in a very short period of time
(between 1 sec. and 5 min.) at room temperature so as to produce polarized
bodies having good piezoelectric properties (see the drawings, wherein
[err](Fig. 2) and [err] (Fig. 3) are shown 50 as a function of the
composition. In addition, the material according to the invention has the
advantage that the piezoelectric properties have a satisfactory stability
as a function of the temperature and the time, in spite of the short
polarisation time. The piezoelectric response changes only slightly up to
[err] and has a good stability with time. The feature that polarisation can
be effected at room temperature has the important advantage 55 that the
piezoelectric body can be built into an assembly and that this assembly is
subject to the polarisation treatment. This assembly is made, for example
by securing the piezoelectric body to a membrane with an adhesive which is
cured at an elevated temperature (> 150C), or by soldering the
piezoelectric body to a substrate. The fact that polarisation is not
effected until after the assembly is at room temperature 60 prevents the
piezoelectric properties of the body from degenerating by reason of the
polarized body being heated to the high temperature at which the body is
attached. According to an elaboration of the invention, a further
improvement of the properties is 2  



019 337 accomplished by replacing up to a total of 15 mol.% of Pb
equimolarly by one or more of the alkaline earth metals Ca, Sr and Ba. A
reduction in the loss factor (tan [err] is accomplished by replacing up to
20 mol.% of the Mg by Mn. This is advantageous for some applications. 5
A further range of compositions is found between the boundaries: x = 0.125
- 0.15 y = 0.44 - 0.46 and z - 0.38 - 0.44, in a composition of the general
formula 10  [err] in which a(= the molar fraction of Sr) is 0.05 and b is
the molar fraction of Mn. These compositions can be polarised at room
temperature within 1 sec. They are suitable for low-power uses, having a
high sensitivity and a high piezoelectric response, and are therefore
particularly suitable for use in buzzers, smoke detectors and
high-frequency loudspeakers. 16      The invention will now be further
illustrated with reference to a number of embodiments. The starting
materials, namely lead oxide (PbO), magnesium oxide (MgO, antimony
pentoxide [err], titanium dioxide (TiO2) and zirconium dioxide [err], and,
if necessary, SrO, BaO, CaO and/or [err] all these materials-being of a
chemically pure quality, are mixed with distilled water in a rubber- lined
ball mill. 20      After wet-milling, the mixture is dried. Thereafter the
mixture is subjected to a first reaction by heating the mixture- for 2
hours at a temperature of approximately 8500C in an oxygen atmosphere. The
material is thereafter allowed to cool, whereafter it is milled again. The
powder thus obtained is then compressed to form cylinders having a diameter
of 15 mm and a height of 20 mm, using a pressure of 70 MPa and the
cylinders are sintered for 45 minutes at 1150-[err]depending on the 25
composition in an oxygen atmosphere, in an enclosed space of refractory
material, to prevent evaporation of lead. After cooling the cylinders are
reduced to 12 mm by grinding the ground cylinders 



and are sawn into discs of 1 mm thick. After having been provided with
electrodes, the discs are polarised in air or in silicone oil for 1 sec. to
5 minutes at a temperature between 20 and 200C depending on the
composition, in a field of 1-3 30 MV/m. The following Table I shows a
number of compositions within the range according to the invention with a
number of physical properties, namely the density p,, the dielectric
constant [err] the dielectric loss factor tan 8, the planar coupling
coefficient[err] the frequency constant [err] and the change constant
[err]. as      Table II illustrates the time stability and the temperature
stability, measured 24 hours after composition 18 of Table I had been
subjected to a temperature treatment at [err] for 1 hour. The Figures
illustrate the above-mentioned quantities as a function of the Ti-content,
the numbers of the points in the Figures corresponding to the respective
numbered compositions listed in Table I. 40 45 50 55 60 65 3    0 019 337
[err]    0019 337 [err] 
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[err] [err] [err]    0 019 337 Claims 1. A piezoelectric body for an
electromechanical transducer on the basis of the ternary system lead
titanate-lead  zirconate  -   [err] characterised  in  that it consists of
wherein M is one or more of the alkaline earth metals Ca, Sr and Ba, o
[err] a [err] 0.15, 0 [err] b [err] 0.20, 



0.01 [err] x [err] 0.25, 0.40 [err] y [err] 0.55, 0.20 [err] z [err] 0.59
and (x + y + z) = 1. 2. A body as claimed in Claim .1. characterized in
that 0.125 [err] x [err] 0.15. 0.44 [err] y [err] 0.46 and 0.38 [err] z
[err] 0.44, M is Sr and the molar fraction of Sr is 0.05. 15     3. An
electromechanical transducer comprising a piezoelectric body as claimed in
Claims 1 or 2. 4. A method of producing a piezoelectric body as claimed in
Claims 1 or 2, characterized in that the ceramic body obtained after
sintering the appropriate starting materials Is polarised at a temperature
between 20 and [err] in air or in elastically non-conducting oil in a field
of 1-3 MV/rn for a period of time between 1 sec. and 5 minutes. 20      5.
A method of producing an assembly wherein a piezoelectric body as claimed
In claims 1 or 2 is secured at an elevated temperature to a device,
characterized In that polarisation is effected at room temperature after
completing the securing operation. Revendications 25 1. Corps
pi6zo-6lectrique pour un transducteur electromdcanique a base du systeme
temaire de titanate de plomb - zirconate de plomb - Pb(M,',aMMV)03,
caracterise en ce qu'l1 eat constitu6 par Pb,_,M.(Mgjj14/3MnblASb2/) xT;
,r,03, formula dane laquelle M eat au moins i'un des materiaux
alcalino-terreux Ca, Sr et Ba, 30                               0   a
0,15, 0  b < 0,20, 0,01 4x 4 0,25. 0,40   y 4 0,55, 0,20   z < 0,59 et 30
(x + y + Z) = 1. 2. Corps salon Is revendication 1, caracteris6 en ce qua
0,125 < x  0,15, 0,44  j < 0,46 et 0,38 ( z 4 0,44, M eat Sr et la fraction
molaire du Sr eat de 0.05. 3. Transducteur electrom6canique comportant un
corps piezo-electrique salon la revendication 1 



ou 2. 40      4. Proc6d6 pour la. realisation d'un corps plezo-electrique
salon la revendbcation 1 ou 2, caracteris6 an ce qua Is corps c6ramlque
obtenu apres frittage du materiau de d6part approprie eat polarise A une
temperature comprise entre 20 et 200C dans de lair ou dans une huile non
6lectroconductrice dons un champ de 1 A 3 MV/m pendant une perlode comprise
entre 1 sec. et 5 minutes. 5. Procdd6 pour Ia realisation dun ensemble dans
lequel Is corps piezo-electrique comme revendique dans les revendicatlons 1
ou 2 eat fixi a une temperature dlevde A un dispositif, caracterisd en co
que Ia polarisation s'effectua A la temp6rature ambiant. normale apres la
fixation. Patentonspruche 50 1. Piezoelektrischer K6rper fOr ainen
elektromechanischen Wandler auf Basis des temiren Systems
Bleititanat-Bleizirkonat-Pb(M,,3tMV#23)0   dadurch   gekennzelchnat,  dais
er  aus PbMlMgio-b3Mnb/3Sbv,}T'VM   besteht, wobde M elnes oder mehrere der
Erdalkalimetalle Ca, Sr und Ba ist, a                       ~~~~~~~~0 < a
0,15, 0 < b < 0,20, 0,01  x < 0,25, 0,40 < y < 0,55, 0,20 < z < 0,59 und (X
+ y + zJ = 1. 2. Korper nach Anspruch 1, dadurch gekennzeichnet, dais 0,125
< x 0.15, 0,44 4  y < 0,46 und 0,38 4 z 4 0,44 lit, wobei M Sr ist und der
Molantell von Sr 0,05 ist. 3. Elektromechanischer Wandler mit einem
piezoelektrischen Korper nach den AnsprOchen 1 oder 2. 95     4. Verfahren
zum Herstellen eines piezoelektrischen Korpers nach Anspruch 1 odor 2,
dadurch ge- 8   



0 019 337 kennzeichnet, das der nach Sinterung der geeigneten
Ausgangswerkstoffe erhaltene keramische Korper bei einer Temperstur
zwischen 20 und 2000C an Luft oder in einem elektrisch nicht leitenden Oel
in einem Feld von 1-3 MV/m zwischen 1 Sekunde und 5 Minuten polarisiert
wird. 5. Verfahren zum Herstellen einer Anordnung. wobei ein
piezoelektrischer Korper nach den s  Anspruchen 1 odor 2 be! erhohter
Temperatur aut einer Vorrichtung befestigt wird, dadurch go- kennzeichnet,
dass die Polarisierung bei Raumtemperatur nach Beendigung des
Befestigungsvorganges durchgef~hrt wird. 10 15 20 25 30 40 50 60 66 9    


