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X -ray structural analysis and X-ray spectral microanalysis have proved 
a heterogeneous phase structure oj piezoceramics based on Mn02 doped solid 
solutions Pb(Mg,,3Nb213)TiZr03 • According to the sintering conditions, the 
ceramics contains, beside the perovskite phase, also the pyrochloric phase 
(Pb2Nb207) and phases in which the Mg, Mn and Ti elements are concentrated. 
A lower PbO content in sintered samples leads to a greater inhomogeneity oj 
compostition, but also to a higher density oj the sintered specimens. Relation
ships are pointed out between the mutual distribution oj the perovskite and 
pyrochloric phases, apparent density and temperature and time stability oj the 
properties oj the system in question. 

INTRODUCTION 

Most of the commercia.l piezocera.mics a.re ba.sed on PbTi03-PbZr03 solid 
solutions_ For the prepa.ra.tion of piezocera.mic transducer� with desired properties 
it is possible to choose a. solid solution composition within a. wide range, or to dope 
this solid solution with suitable admixtures, in particular oxides of transient 
meta.ls [I]. 

The possibilities for the prepa.ra.tion of new types of piezocera.mics were further 
expa.nded on the ba.sis of the studies by Smolenskij [2] who ha.s synthetized a, series 
of perovskite lea.d compounds, in which the tetra.va.lent Ti4+ or zr4+ ions a.re 
substituted by couples of ions, of which one ha.s its Yalency lower a.nd the other 
higher tha.n four_ In the formula.s of these compounds, Pb (Mei:Me}")03, Mei is 
a. mono, bi or trivalent cation, Me1 is a pentavalent or hexa.valent ca.tion_ The stoi
chiometric coefficients u a.nd w comply with the condition of electroneutra.lity.
Com.pounds of this type form solid solutions with PbTi03 a.nd PbZr03• 

Ouchi [3, 4] utilized the a.dva.nta.geous properties of solid solutions Pb(Mg1Nb}) 03 

-PbTi03 -PbZr03 for the prepa.ra.tion of new types of piezoceramics. By
doping the solid so!utions in this system with manga.nese oxide he prepa.red piezo
cera.mic transducen, with a high tempera.ture and time resonance frequency stability,
a.nd high mecha.nical qua.lity factor va.lues. These transducers have found wide
a.pplication in electronics in the construction of frequency filters.

In contrast to the materials based on PbTi03 -PbZr03 solid solutions, for which 
the real pha.se composition of sintered specirr:ens was carefully studied in terms 
of the sin.tering conditions [5, 6, 7), the phase composition of rna.teria.ls ba.sed on 
the system. Pb(Mg113Nb213)TiZr03 ha.s not so far been investiga.ted in greater de
tail. Ouchi [8) just sta,t,es that synthesis of these ma.teria.ls from a mi:x:ture of 
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o:x:ides involves, a.s a.n intermedia.te sta.ge, formation of the compound Pb2Nb207 

having 1.1, pyrochloric structure. This compound arises at 600 to 650 °C a.nd ma.y 
also be conta.ined in sintered sa.mples. The following rea.ction is proba.bly taking 
pla.ce during the prepa.ration of materials from the given system: 

(1)

The present work ha.s the a.im to determine the pha.se composition in the sintered 
sa.mples of the very significa.nt manga.nese o:x:ide-doped system Pb(Mg1;3Nb2;3)03-
-PbTi03-PbZr03. Another ta.sk wa.s to esta.blish the rela.tionship between pha.se
composition a.nd the conditions of sintering for this system. In a.ddition to this,
the study dea.ls with the rela.tionship between pha.se composition a.nd the a.tta.inable
densification of specimens on sintering firing. In connection with the pha.se compo
sition esta.blished, the discussion presents a possible explana.tion for the improved
tempera.ture a.nd time stability of the ma.terials in the system Pb(Mg1;3Nb2;3)03-
-PbTi03 -PbZr03 doped with manga.nese oxide.

EXPERIMENT AL 

The properties of a ma.terial ha. ving the composition Pb (Mg½Nbt-)0.44 Ti0.44Zr0. 1203 , 
doped supra.stoichiometrica.lly with I.O wt. % Mn02 were studied. The com
position of the ma.teria.l, which is suita.hle for the prepa.ra.tion of sta.hle 
piezocera.mics, is indica.ted by point F in the pha.se diagram of the system 
x mole% Pb Mg113Nb213 03 + y mole% PbTi03 + z mole% PbZr03 [8] in Fig. I. 

----
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F'ig. 1."Phase diagram oj the system Pb(Mg113Nb213)03-PbTi03-PbZr03; T - t�tragonal 
phase, R - rhombohedral phase, PC - pseudocubic phase 

(The composition studied is marked by point F). 

The material was prepared by"" standard ceramic technology from a. mi:x:ture of 
Pb0, Mg0, Nb20s, Ti02 a.nd Zr02 of stoichiom.etric composition a.nd using the 
a.ddition of Mn02 m.entioned. The procedure of the prepa.ra.tion was described in 
the a.uthors' previous pa.pers [6, 7]. 
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CONCLUSION 

The results of the present work ha.ve shown tha.t piezocera.m1cs based on Mn02-

doped solid solutions Pb(Mg1;3Nb2;3)03-PbTi03-PbZr03 ha.ve a, heterogeneous 
structure. Sintered specimens ma.y contain three pha.ses: the majority perovskite 
pha.se, the nůnority pyrochloric phase consisting of the compound Ph2Nh207, 

a.nd an additiona.l nůnority phase, in which the elements Mg, Mn and Ti are concen
trated. The mutua.l ratio of these pha.ses can be controlled by a.djusting the pressure 
of PbO vapours in the course of sintering. A lower pressure of PbO va.pours on sin
tering lea.ds to a.n increa.sed content of the minority pha.ses a.nd to a.n increase in 
a.pparent density of the sintered specimens. 

The sintering processes a.nd the improved stability of properties of the solid 
a.nd a.n a.dditional minority phase, in which the elements Mg, Mn a,nd Ti a.re concen
tra.ted. The mutua.l ra.tio of these phases can be controlled by adjusting the pressure 
of PbO va.pours in the course of sintering. A lower pressure of PbO vapours on sin
tering leads to an increased content of the minority pha.ses a.nd to an increase in 
apparent density of the sintered specimens. 

The sintering processes and the improved stability of properties of the solid 
solution in term.s oftime and tempera.ture ca.n be considered to be most significa.ntly 
influenced by the mutual distribution of the perovskite a.nd the pyrochloric phases. 
Since the pyrochloric phase is regarded as an intergra.nula.r one which is in liquid 
sta.te a.t the sintering temperatures, it may be assumed to facilitate sintering and 
promote attainment of a high apparent density of sintered specimens. It ma,y a.lso 
be a.ssumed that this a.dva.ntageous distribution of the perovskite and pyrochloric 
phases creates conditions for charge compensa.tion of the spontaneous polarization 
of the ferroelectric perovskite phase, a.nd in this wa.y, a.ccording to Heywang's 
and Okazaki's idea.s, it improves the time a.nd tempera.ture stability of propertiel'! 
of the material being studied. 
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Fig. 6. Intensity clist1·ibution oj X-ray fluorescence radiation NbL" (a), Ti Ktt (b) along the 
indicatecl line. (Magn. 1200 X, high-cont,·ast exposu,·e). 
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