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DISCLAIMER

This document was prepared as an account of work sponsored by the United States
Government. While this document is believed to contain correct information, neither the
United States Government nor any agency thereof, nor the Regents of the University of
California, nor any of their employees, makes any warranty, express or implied, or
assumes any legal responsibility for the accuracy, completeness, or usefulness of any
information, apparatus, product, or process disclosed, or represents that its use would not
infringe privately owned rights. Reference herein to any specific commercial product,
process, or service by its trade name, trademark, manufacturer, or otherwise, does not
necessarily constitute or imply its endorsement, recommendation, or favoring by the
United States Government or any agency thereof, or the Regents of the University of
California. The views and opinions of authors expressed herein do not necessarily state or
reflect those of the United States Government or any agency thereof or the Regents of the
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HIGﬁ TEMPERATURE PHASE EQUILIBRIA IN THE
© LEAD TITANATE-LEAD ZIRCONATE SYSTEM

Ronald L. Moon and Richard M;‘Fulrath
Inorganic Materials Reseerch.Division ﬁawrenee Radiation Laboratory,
_and Department of Materials Sc1ence and Engineering,
- College of Engineering, University of California,
Berkeley, California - - :
The phase equilibria of the PbO-Ti02-Zr02 systeﬁ ebove 900°C has
been deduced solely from X—ray analysis of quenched samples.lf3 Errors
in the solldus temperature and in the phases detected can .occur when
using this technique. A higher solidus temperature will result if the
liquid cfystallizes rapidly to the solid during quenching. .Even more
important; the poesibility of preferential nucleation of 2 non-equilibrium
species éosseseing a_iower surface energy than fhe equilibrium ﬁhase can
lead.to erroheous conclusions about the high‘temperature'phases. These

objections are overcome by analyzing the heating curves of homogeneous

powders.

Based on a dissertation submitted by Reonald L. Moon in partial ful-
fillment of the requirements for the degree of Doctor of Philosophy in
englneerlng science, University of Callfornla Berkeley, California,

May 1967.

Thls work was ‘done under the auspices of the Unlted States Atomic
Energy Commission.

At the time this work was dehe the writers were, respectively,z
research assistant and professor of ceramic engineering, Department of

Materlals Science and Englneerlng

¥ Now at Varian Asscciates, PalO'AltO, California.
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PZT‘(lead.zirconéte titaﬁaﬁe) powders were prepared byvmiking and
pressing_reagentlgrade PboO ana‘TiOQ and réactor grédé ZﬁQz into pellets
and ca;ciﬁing in‘ba Pt crucible (along with a PZT pellet higher in
PbZrOQ)_at_800°C'for_approiimately ﬁiné,daYS; Cdmpositioné determined by
sfaﬁdérd wetlchemical'analysish were cémparedyfo those obtained from the
d spacing of the {321} énd'{Zil} X-ray diffraction lineé.  In order to
.achieve_agreement with calculated d spacing35 homogehization of the cal-
cined poﬁders by reheating to 1200°C in‘é closed Pt Eruéible was neceé—
sary (Fig. l)} Agreéﬁent between all methods was within 1 mole %. °A
conical ?f crucible chargéd withv30 gﬁsiof powder and sealed at the top
with a welded Pt foil was used for thermal analysis (Fig. 2). Weight
losé during the‘ekperiment was léss then 1% of the totai weighf.
Additionéi confirmation of the solidus temperafureé was obtained by
éuéhchiﬁg sealed érucibles‘from‘a constaﬁt temperature and examining
the cbnténis'fof.liquid'formation as eviaénced by shrinkagebof the ﬁow—
dervqompaét. |

Teéﬁs pérformed below the solidus indicated only the solid.sdlutioh
cubic perovskité structure 'in agreement with observaﬁions between the
Curie point and 9OO°C;6 Given individual compositions quenched from.
Just below fhe solidus temperatﬁre did nof show a splitting in their
X—rgy diffraction peaks, verifying the continuous'solid solution.

DTA of powders whose compositioné were varied at 5% intervals between

0 .and 52}5 molé % PbZrOé showéd only the Curie and melting endothermé;u
A 50-50 mole % mechanicél mixture of powderé of different comﬁositioné
heated neaf.the'lowest solidus temperaturé of the two powders7fofméd

~the final composition expected from such a combination.

e
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The melting p01nt of PbT103 was found to be l286°C + 3°cC. Confirma— v
tory samples held for thirty minutes at 12800, 1283° and l286°C showed
a sintered solid, slignt.liqﬁid formation.end complete melting, respec—v
tiVely,l‘Similar experinents‘on PbZr0; were unsuccess ful dne ﬁo'rapid
deterioration of the Pf:cruoible_ef temperatnres abovellsoo°c, Con-
tinnous heating of PbZr0; fo 1550°¢ geve no indication of melting.

PbZrO3 held for several mlnutes at temperatures higher than 1520°C
showed only a PbZr02 core surrounded by a white monoclinlc ZrOz layer.
The sudden onset of cruc1ble attack could be explained by a‘reaction”n
PbO(Vap)l+ Pt(s} ;fP%Pb(s.s;)'+ 1/2 bz(g); A neritectic decomposifion
of PbZrO3'%:liq + 72r0,(s) would accelerate the previous reaction. .In
view of fne incongruent melting of PZ3 plus tne above:obserrations, the
vertical section at 50 mole % PoO in the PbO—ZrOz—TiOQ composition-
temperature diagram cannotlbe a quesi—binary. |

Cooling curves in the system.proved'to be -inaecurate because of
compositional coring. For instance, at 25 mole %uPbZrQS the last in-
flection point on coolingIWas 1290°¢, wherees on heefing, the  first
indication of melting.was l320°C. Furthermore, the temperature:of tﬁ%
last cooling curve inflection point decreased as the cooling raﬁe‘was
increased.

;X—ray analysis of the solid taken from the crucible after melting -
showed the following: (1) Charges containing O 5 and 10 mole % PbZr03
yield only the original compo51tion. (2) At higher percentages of -
PbZrOa,erbz (monoclinic) and PbO (orthorhombic and tetragonal) were
present in addition to the PZT phase. The PZT phase was generally richer

in PbTiO3 than the original composition. The appearance of these three

o
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phases indicatés the possibility of a thfee—phasé'équilibrium involving

ZrOz,vPZTvand.liquid rich in PbO at some‘temperature above the-solidus;

e

or the non—eQuilibriﬁm.nuéleétion of ZfQé aﬁd PZT folloﬁed by solidifi—.
eation of thé femaihing Pp0 rich meit; ‘

The first deviatibn,ih,the‘heating.curve-represented the éoiidus,
tempefaﬁure:vthe heat transfer along the Pt thermocouple well maintained
that pﬁrtioh.of the solid in the immediate vicinity éf the thermocoup;e'
at the highést tém@eréture.  This was furfhef assisted by.the solids
sintering and shrinking away from the sides of the crucible af temperatures
 greater than 800°C. As the furnace temperature continued to increase,
the_increased heat conducfidn of the liquid formed.ﬁrought the rémaining
solid to the solidus.témperature ahd resulted in»an.iﬁfleétioﬁ péinf,
The fina1 inflecti§n fepresented the liquidus femperature after which
the melt fempefatureIraisedlfapidly and eétéblishing a heatihg rate
similar to that of the furnace. | |

Thé heating cuf#es support the‘proposaivthat a three-phase region
(liquid.+ ZrOé + PZT) does exist at high temperatures. The results
agree with those obtained from quenching techniqueé,S_(Fig{ 3). The
major refinements to the quenching diagram are the lower solidus ana
liguidus tempgratures‘due to greater sensitivity in detection, and tﬁe

determination. of the peritectic temperature to be 1360° rather than

—

13k0°Cc. - -
. . . . - v
This study independently confirms the existence of a three-phase
region in the PbTi03-PbZr0s system and definitely.proves the system is
not a quasi—Einary section in the Pb0-Ti0,-7r0, composition—température

diagram.



10, 1, p. 32;ho_(196h).
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Figure 1.

Figure 2.

Figure 3.
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FIGURE CAPTIONS.

X=ray back.reflection lines of calcined powder and the same

-

. powder reheated for 1-1/2 hours at 1200°¢ ' Qf‘

Platinum'cruciblevgeometry andvpositionihg method used for

heating curve analrsis.
Comparison of the phase eQuilibrium_diagram_détermined by

analysis of heating and cooling curves (thermal analysis) and

by quenching methods.3
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, - COMPOSITION : Pb(ZrOg 2. Tig gg) O3
q . o A -~ RADIATION: CuKg '

|

(a) CALCINED POWDER

. (b) AFTER HEATING THE CALCINED POWDER AT 1200°C FOR 1Y% HRS.W

" ] | C l n n
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Fig. 1
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LEGAL NOTICE

This report was prepared as an account of Government sponsored work.
Neither the United States, nor the Commission, nor any person acting on
behalf of the Commission:

A. Makes any warranty or representation, expressed or implied, with
respect to the accuracy, completeness, or usefulness of the informa-
tion contained in this report, or that the use of any information,
apparatus, method, or process disclosed in this report may not in-
fringe privately owned rights; or

B. Assumes any liabilities with respect to the use of, or for damages
resulting from the use of any information, apparatus, method, or
process disclosed in this report.

As used in the above, "person acting on behalf of the Commission”
includes any employee or contractor of the Commission, or employee of
such contractor, to the extent that such employee or contractor of the
Commission, or employee of such contractor prepares, disseminates, or pro-
vides access to, any information pursuant to his employment or contract
with the Commission, or his employment with such contractor.
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