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SOLUTION KINETICS OF La.AND Sc IONS IN PTi Zr O

5 7.573

. . , ,
Robert L. Holman and Richard M. Fulrath
- Inorganic Materials Research Division, Lawrence Berkeley Laboratory
and Department of Materials Science and Engineering,

.College of Engineering; University of Célifornia,
Berkeley, California 94720 -

ABSTRACT

An inveétigation has been made of theAextfipsic non—stoichiometryb
created in FOTi [Zr (0. at 1150°C by the solution of L3, sc3*, mo*,
end BiSY. Constant activity multi-phase (CAMP) PZT crucibles allowed a
~gravimetric study of the solution kinetics, as well(as affording equilib-
rium atmosphere control and a simple processing technique.

Results indicate a leéd vacancy defect structure is created by the

3+ 5+ 3+

substitution of 0.5, 1.0, and 2.0 mol% Bi~ , Nb in the PZT

, and La
lattice, and an oxygen vacanéy defect structure for 0.5, 1.0 and 2.0

+ o .
mol% Sc3 s Obeying the rules of electroneutrality. The simple predic-

3+ and La.3+

tions of crystal chemistry were followed in all cases, with Bi
X . 2+ . S+ 3+ . .
substituting on the Pb sublattice, Nb and Sc substituting on the
(Ti,Zr)h sublattice.
Multi—phase PZT crucibles or burial powders provided equilibrium

‘PbO atmospheres which géve precise and reproducible results.

¥ Current address: Xerox Corp., Webster, N.Y.
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I. Introduction .

Small additiohs of oxides to lead zirconate~titanate have been
reported to affect the electrical properties, sintering kinetics, and
~ grain growth. ‘Particulafly, bismuth and niobium have been shown té act
as sintering aids,\and to improve thé ferroelectric behavior. Lanthanum
has markedly enhancéd the»sinterability of PZT ceramics, Haertling and
Laﬁd,l incorporating lanthanum in the presenée 6f a lead oxide liquid
phase, have produced optically transparent material by hot pressing,
while Snow2 has achieved similar results by liquid phase sintering. Very
interesting optical image sﬁorage devices have been produced from this
material.3-5 In addition, scendium can convert.the ferroelectfié charac-
teristics of PZT to en anti-ferroelectric-like behavior.

To generate commercially useful devices, reproducibility of results
must be assured, which implies that the processingvkinetics‘must be care-
fully controlled. It appears that to explain the,reported results cor-
rectly, one must understand the kinetics of the incorporation of the
Bi3f, Nb5+, La3+, and Sc3+ ions into thé perovskite lattice, their loca-
tion in the lattice, and the defect structure that is generated.

Gravimetry'haé been'employed to study the weight changes produced
by the feactions of purevlead zirconate-titanate‘sgmples with its
, environmentT.vBy maintaining proper atmosphere control, thermogravimetry
may be used fo study the continuous weight changeé caused by the reaction
between any_oxide with lead zirconate-titanate. - Iﬁvthis analysis, the
number of titanium and/or zirconium ions distributed on the B-site of
theAperovskite lattice ié constant due fo the extfemely léy vapor

pressure of these species. However, the lead ion concentration is free
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to adjust itéelf by means of equilibration with a surrounding lead oxide
atmosphere. Hence, should a cation diffuse into the A-sublattice, some
lead ions would be released, keeping the ratio of A-sites to B-sites at
unity. If a cation diffused into the B-sublattice, the total number of
B-sites wouid 5e increased, and additionai lead iops would be obtained
from the atmosphere, againvholding the A/B site ratio at unity. This
type of reaction weight-change analysis was firét demonstrated by Weston
et al.,8 who determined the substitutional lattice site of Fe3+ in lead
zirconate-titanate by weighing a sample containing iron oxide before andr
after a long high temperature firing.

This method has been further refined to reveal the valenéy of the

9

substituted cation and the active charge compensation mechanism. Also,
tﬁermogravimetry has the advantage of continuously recording both the
weight-changes caused by the ionic substitution, including the develop-
ment of any dominant, though transient, second phases, at the temperature
of interest.

Thus, divalent ion substitutions on the A-sublattice and quatra-
valent ion substitutions_on the B-sublattice of the perovskite require
only equivalent amounts of PbO lost or gained from the original compo-
sition. However, trivalent ion substitutions on the A-sublattice and -
pentavalent substitutions on the B-sublattice fequire an additional
mechanism to neutralize the charge imbalanpe created. - This neutraliza-
tion may be accomplished in several ways. Excess positive charge may be
neutralized by: |

(a) Creation of lead vacancies (reduction in the number of lead ioms

on lead sites); -
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(b) Reduction of Ti énd/br 7r té trivalent ;peciesg

(¢) Distribution of the substituting ions on both A and B lattice
sites; | | . |

(d) Creation of B-site vacancies;;theoreﬁical number of B sites are
increased with no'change in the number of Ti and/or Zr ioms.

The ?eduction of .titania and/or zirconia may be dropped from further
consideration as it has been shown that reduced lead titanate turmns black
and becomes a good semi-conductor; ﬁo color or conauctivity change was
observed in these experimehts. Iflthe ions to be invesﬁigated are |
selected such that their ionic radii closely match either the A or the B

site radius, it should be unlikely that a distribution would result with-

“out grossly perturbing the perovskite crystal structure. Data of Shannon

and Prewitlo on ion in radii are presented in Table I.
Therefore, it is expected that either (a), the creation of lead

vacancies, or (d), the creation of B-site vacancies, or some combination

- of these serve to neutralize the charge. These possibilities are

analytically stated by Eqs. (1) and (2).
(1) The complete substitﬁtidn of M3+ ions on the lead sublattice

> (a)

. 1.
[Pb(Tl,Zr)O3 + xMOl.S;

> (b)
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(a) [(Po, ) o [ M )(mi,zr)o ] + 1.5x Poo_
lead vacancy charge compensation.
() [Py oo M )(mizr [, 005, o1+ .T5x Pro,

(Ti,2r) vacancy charge compensation.

S5+

(2) The complete substitution of M° ions on the (Ti,Zr) sublattice

— (a)

Pb('ri,Zr)o3 * Mo, o+

(v) .

(2) +.5xPbO_— Pb, [ .5x T1,Zr,M, )0

5x 3+3x

lead vacancy charge compensation.

() +1'25beov°4'Pb1#1.25x(Ti’Zr’Mx [].25x)03+3.75x

(Ti,Zr) vacancy charge compensation.
Hence the final weight change observed will determine which model is more

appropriate. The stoichiometric sample containing the trivalent sub-

stituent compatible with the lead sublattice will either show a weight
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loss corresp§nding fo .75x moles of lead oxide or 1.5x moles of lead
oxide. If a weight loss betveen.these values is obtained, it is possible
that both charge coﬁpeﬁsating mechanisms are oper;tive. Similarly,v
samples containing the pentavalént B-site substituent should exhibit a
weight gain of lead oxide of either .5x moles of 1.25x moles of lead
oxide.

Another situation is created by the substitution of a trivalent ion
on the (Ti,Zr) B-sublattice. In this case there is a deficiency of
positive charge which must be neutralized. Neutralization may be
accomplished by the removal of oxygen ions (i.e. the creation of oxygen
vacancies), or by an increase in the lead ion.coﬁcentration, reduction
of lead vaéancies. If an increase in lead ions is required to make up
for the charge deficiency, a weight gain should be observed equal to 0.5
moles of PbO in addition to the x moles of Pb0O required by the direct
substitution. < When oxygen vacancieé form, the sample weight gain of
X moles PbO'is the only chenge that will be detectéd. These changes are
illustrated by Eqs. (3a) and (3b).

(3) The complete substitution of M3+ on the (Ti,Zr) sﬁblattice

- (a)

Pb(Ti,Zr)O3 + xmol.5

L (b)

¢

(a) + xPbO —» Fb (T,2r,M )05 5, 548 ox

oxygen vacancy charge compensation.
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() + §XPbov Pbl+x+.5-[:]I—.Sx(Ti’Zr’MX)OB
reduction of lead vacancies

I.= the intrinsic vacancy concentration.v

Gravimetric analysis in é controlléd Pb0 atmospﬁe;e was made possible'
by the fabrication of constant activity multi-phase (CAMf) lead zirconate-
titanate crucibles that establish an equilibrium lead oxide atmosphere
and effectively isolate the sample being weighed. The crucible composi-
tion established the lead oxide activity and the sample's atmospheric
environment. It is important that the weight changes measured are asso-
ciated only with the‘reaction with the oxide addition. The intrinmsic
stoichiometry must not change during the éxperiment. This could be
assured by fixing the stoichiometry of the lead zirconate-titanate sample
prior to the addition of the dopant. This is illustrated in Fig. 1 for
lead titanaie,‘but the principle is applicable to any PZT com.position.7
If a crucible was fsbricated of a (PZT + Z + T) composition B, and

a "stoichiometric" mixture of PbO, TiO2 and ZrO, composition C, was

2
placed in it, a high-temperature calcination would establish the equilib-
rium composition, E, for the powder. This is implied in Fig. 1(b) for
PbTiO3. If any furthef heat treatment of this powder is done within this
same crucible, no Pb0O exchange would be expected for the powder with the
atmosphere provided by the crucible.

Alternately, this experiment could be conducted with a crucidble, or

burial powder; which has the jidentical single-phase cémposition as -the

sample, composition C. However;,as the crucible loses PbO and its
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composition changes, the weight change data would vary in an unpredict-

able manner.

II. Experimental

High purity PbO, TiO_,, and Hf-free Zr0, were homogeneously mixed in

o9
their éfoichiometric proportions in the manner_discussed in ref. 7. This
powder was then divided into two portions; (a) to be fabricated into
crucibles, and (b) to be fabricated into samples. The crucible fabrica-
tion.and calcination techniques were identical to those discussed in

ref. T, énd are summarized in.Eig. 2. The sample péwder was poured into
the crucible, covered, enclosed within an outer platinum crucible, and
calcined for 20 h at 850°C in air, followed by a 3 h soask at 1100°C, to
achieve vapor phase equilibration with the atmosphere provided by the
crucible. Then the sample powder of fixed stoiéhiometry was suitably
modified with the oxide additions of interest. In this study, 0.5, 1.0,

105
In addition, samples containing excess PbO or (Ti,_ZrO)O2 were included.

and 2.0 mol% quantities of Biol.S’ Nb02.5, ScOl.5 gnd LaO were chosen.

It is critical that the samples contain as much open porosity as
possible to assure rapid equilibration with the atmosphere. To achieve
this resﬁlt, approximately 7 wt% napthalene crystals were mixed into the
sample. Peilets were cold-preséed in a 3/4" steel die. A 30 mil hole
was drilled through each pellet to allow the suspension of the sample by
a platinum wire. Alternatively, some samples wére isostatically pressed
about a platinum coil, as is shown in Fig. 3.

The pellets were then raised at 10°/min in ﬁir-to 450°C, held there

for 24 h, and furnace cooled to burn out all the napthalene.
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The sémple suspended from a gravimetric,balahce was then positioned
within the same PZT crucible that was first used to calcine the powder,
and heated to the desired temperature (1100°C).

The crucible cap was designed in such a way tﬁat cavities were
availeble to enclose samples identical to the sample.being weighed. Thus,
.at any time during the experimental run the furnace could’be_opened, and
the extra sample removed for destructive analysis (X-ray diffraction,
chemical analysis, microscopy, D.T.A. etc.) without interrupting the
~gravimetric experiment.

The experimental arrangement shown in Fig. 4 was identical to the
one discussed for the measurement of the single-phase width (ref. 7).
IIT. Results and Discussion

(1) Bismuth and Niobium

The samples containing bismuth and niobium were selected as experi-
mental controls. Crystal chemistry éonsiderations present a strong case
for assuming that tri?alent bismuth will substitute for lead and penta-
valent niobium will substitute for titanium/zirconium. Prelimiﬁary
experiments9 conducted using a burial powder of the same composition as
the sample, confirm this hypothesis.

The present results are shown in Figs. 5(b) and 6(b) for 1.0 mol%
.additions of MOx to samples of approximetely the same weight. The
equilibrium results clearly indicate total Bi3+ substitution for Pb2+

and Mot substitution for'(Ti,Zr)h+ with both requiring'lead vacanéy
charge compensation. However, in both cases, Qeight gains are observed

7

vhich are significantly larger than reported in earlier experiments.
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This is particularly‘interesting for the case .of Nb substitution. It

par 2%
is suggested that the refractory niobia particles (initially at aleo=o)
reacts with the lead oxide obtained from the atmosphere (constent

‘szO

=0.280), forming layers of complex lead niobates as equilibrium con-
ditions are approached. No sample weight losses were observed until the

. : - _
sample had shown a 1.4 wt% gain of PbO. At this point the Nb,0_-PbO

25
composition is 83 mol% PbO, 17 mol% szos which creates about 1.5 vol%
second phase. From the PbO-Nb,O_. phase diagramll it may be seen that

275

this composition at 1100°C a liquid phase may have formed.
Mechanistically, liquid formation is possible since the amount of

Nbot

ions that diffuses into the PZT lattice is atvleast bartially con-

- trolled b& the area of solid;liquid contact. Initially, the homogeneously
dispersed.féfractory particulates ﬁaveva very sméli contact area with the
PZT particles. As these particulates gain FPb0O from the atmosphere, they
increase:in volume, but still exist primarily as solid particles. The
surface contact area is still insufficient to observe signs of diffusionm.
When the liquid phase forms, it spreads out, coveringblgrge areas of PIT

>* 3iffusion is enhanced. As Nb’

surface, and Nb * leaves the liquid, its
lead oxide activity is momentarily greater than that of the atmosphere.
Heﬁce, additional PbO leaves the liquid, énd the partially open system.
It should be re-eﬁphasized that beéause the PZT sample powder particles
are in equilibrium with the atmosphere #s a»fesult of the pretreatment

described, no non-stoichiometry weight changes are expected. Therefore,

' » Pb0 gain (grams)
* =
wt% sample wt. (grams)
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Jonly the niobia contributes to the observed weight changes.

A similar situation is observed in the bismuth modified system,
except that the liquid phase forms from the outset (Bi203 melts at
825°C).ll However, as the Pb0O dissolves, increasing the lead oxide
acfivity of the liquid, the liquid volume increases while liquid vis-
- cosity may be decreasing. When about .615 vol% or .T735 wt% liquid is

3+

attained, Bi diffusion becomes apparent.

(2) Lanthanum and Scandium

This work was primarily undertaken to investigate the kinetics of
solution of the lanthanum and scandium oxides. The reaction weight-
change data is presented in Fig. T(b) and Fig. 8(b) for data representa-
tive of 1.0 mol% La0, g end 1.0 mol% sCol_5

For the lanthanum substitution, no initial weight gains are

respeptively.

observed. Howeyer, the rate.of equilibratién is seen to be quite
dependent upon the incorporation of a maximum amount of napthalene to
control porosity. Figure T(b) demonstrates this effect, where (b-dotted)
describes the data of a sample which was sintered simultaneously without
napthalene, and (b-solid) describes ﬁhe data of an identical sample
confaining approximately 7 wt% napthalene. In addition, it was observed
that the smaller the sample in volume, the more rapid the equilibration.

It is possible that the PbO-L liquid phase that forms (see the

a203
phase-diagramll) is not as viscous as either the pure Bi203 liquid or
its dilute solution with PbO. Hence, the lanthana liquid may be able
initially to cover a much larger surface area, such that the diffusion
of thg La3+ ions into PZT can proceed at a greater rate. In addition,

it is possible that the lead oxide activity in the (La.203+PbO)liq
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could be high enough so that it is initially nearly.in equilibrium with
the atmosphere. In either event, the diffusion of L33+ proceeds gradually
{intil an équilibrium is reached corresponding to a total La3+ substitu-
tion for‘sz+ via a total lead vacancy charge compensation mechanism
such as was detailed by Eq. (la), for all doping levels studied.

As a result of study by a different technique, it has recently been

12,13

reported that for low doping levels, lanthanum ions substitute on

the lead‘sﬁblattice of lead titahate, and that charge compensation is
accomplished by A-site vacancies. In addition, it was determined that

3+’sub-

for the higher doping levels*? (greater than 5 mol%), while La
stitutes for Pb2+, charge compensation is best explained by a distribu-
tion of A-site and B-site vacancies. The same workers have recently

1k

extended this analysis to PbTi for the high doping levels.

577573
Finally, experiments were condﬁcted to characterize the addition of
Sc203. From crystal chemistry considerations it is -deduced that scandium
illustrates a trivalent substitution on the (Ti,Zr)h+ sublattice, but
that the substitution occurs with either decreésed lead vacancy or in-
creased bxygen vacancy charge compensation, a&s described in.Eq. (3a).
The data ébtained supports this conclusion and indica@e clearly that
oxygen ?acancies (3(a)) are formed to neutralize the charge. This is
illustrated in Fig. 8.
In.this case the initial weight gain is bélieved to occur in the

‘manner described for niobia.

(3) Lead Oxide and ('I‘i,Zr)02

As an additional control, samples containing known excesses of either

PbO or (Ti,Zr)02 were equilibrated with the atmosphere crucible at 1100°C.
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The results were as expected: a sample containing excess lead oxide did
not show any ﬁeight change when equilibrated in a crucible ceompesition
of PZT + PbO. A saﬁple containing excess titania + zirconia also :
remained the‘same weight when equilibrated with a crucible composition:

of PZT + 2 4 T; However, when the excess quantities were below 1.0 mol%

and were added'to PZT powder slightly off stoichiometry and the crucibles

were f&brigated of a composition identical to the PZT sample powder, the

samples lostvthe excess.PbO or gained an amwount of Pb0 tc the.excess

(Ti,2r)0,.

(4) The. Atmosphere
The method of equilibrium atmosphere control used in these studies

is far more accurate and reproducible than the "disk" technique used by

15

Weston et al.8 after the earlier work of Jaffe et al.” Weston's samples

were sinteréd in the pfesence of lead zirconate disks. It has been shown16
that stcichiometric lead zirconate (FZ) maintains the highest lead oxide
vapor pressure in the PZT system. Thus, & positive pressure is estab-
lished between the surrounding atmosphere, détermined by puvre PZ, and the
PZT sample, which results in misleading weight gains. |

If large quantities of lead zirconate are provided, it is clear that

there is no PbTierl_xO3 sample that can equilibrate with the atmosphere, o

unless a liquid is formed. This conclusion can be deduced from the
17,18

isothermal (1100°C) ternary phase diagram, drawn to include the

experimentally determined lines of constant activity (see Fig. 9). A

Pb sample, for instance, is constrained to alter its oversall

T0.5%%0.5%
composition only along the lines of constant Zr/Ti=1 composition. There-

fore, the'sample will not achieve an activity balance with the atmosphere
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until the lead rich liquid phase is formed. Whilé the kinetics of the
system may not allow this result'in practice, sizable weight gains are
possible.

Additionally, it was establishedl6 that lead zifconate has a very

wide range of non-stcichiometry with large variation in lead oxide

'activity'(O,S to 0.07). As the composition cof a lead zirconate disk is

altered by the evaporation of Pb0O from the system, the lead oxide activity
of the atmosphere falls, éreating additional weight changes that are not
related to the ionic substitution mechaniSms.

The actual magnitude of both of these unwanted weight changes is a

function of time at temperature, the PbO loss character of the particular

system, and the amount of lead zirconate used.

In the earlier studies of bismuth and niobium ionic substitutions

9 19

in PZT,” the basic technique of Dungan et al. inccrporating a burial

powder of the same composition as the sample was used. This technique

was modified, however; by replacing the burial powder with a solid PZT

crucible, either single-phase or multi-phase. There are several distinct

advantages to this approach. First, experiments involving gravimetry

may be performed. Second, PZT may be preprocessed as a powder in its

own container, to firmly establish its exact stoichiometry and its

homogeneity. -In addition, the crucibles may be fabricated of most

desired cdmpositions facilitating experimentation, even when the crucible

contains a reasonable amount cf liquid phase. 'In a burial powder, the

liquid phase encourages sintering, making for difficult sample removal.
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While reééonable data was obtained using single;phase PZT érucibles,
even this approach is subject to smail incensistencies which resuvlt from
the changes in the composition of the crucible. However, it was found
that smaller é}rors are observed with the crucible technique than wifh
the burial powder, when précautions were taken to ma#imize the repro-

- ducibility. Spécifically; the sample powder and crucible powder must
core from the same batch, and the sample mnst‘be placed within the
companion crucible during a common calcination. In addition, the atmo-
sprhere crucible mgy be used for oniy the single experiment.

While the results obtaihed employing either crucigle téchnique were
within sufficient range of the predictions of the_proposed models, the

"deviation from theoyy were greater with use of sinéle-phase crucibles
than with the use of the low constant activity multi-phase (camMP) .
crucibles. The incremental weight los;es oﬁserved were in the dire;tion
expected to result from a decrease in lead oxide activity of the
“stoichicmetric"-crucible, as a result of the evaporafion of PbC. This
less is unrelated to the ionic substitution mechenisms. The differences
are illustrated in Figs. 5, 6, T, 8, where the (a)‘curves describe |
results obtained in the "stoichiometric" crucibles and the (b) curves
correspond to results obtained in lcw CAMF crucibles.

-IV. Conclusions

The natﬁre of the extrinsic non-stoichiomretry created in lead
zirconate-titapate by the solution of La3+, Sc3+, Nb5+; and Bi3+.ions
has beer characterized. The production of constant activity multi-phase
‘(CAMP) PZT crucibles allowed a gravimetric study of the solution kipetics,

as well as affording equilibrium atmosphere control and a simple process-

ing techniéue.
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Results indicated a lead vacancy defect structure created by the

. . .3+ 5+ 3+ . . .
substituticn of Bi™ , Nb” , and La”™ in the PZT lattice, and an cxygen
vacancy defect structure for Sc” , obeying the rules of electrcneuvtrality.

The simple predictions of crystal chemistry were followed with Bi3+ and

+ + + ,
3 > 3 substituting on

La>t substituting cn the Pbe'-sublsttice, Nb’' and Sc
the (Tizr)**-sublattice. |

Multi-phase PZT crucibles or burial éowders provided equilibrium PbC
atmcspheres that allowed for the most error-free end reproducible results.
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.~ Table I. ITonic ‘Radiilo

Perovskite A2+Bh+032-
Effective Radius Probable PZT Lattice
[s) .
Ion C‘.N. (a) ‘S:Lte
oot 12 1.49 A
i ¥ 6 0.605 | B
2t 6 0.72 B
Bi3* g 1.11 ' A
Bi’t 6 0.7h : B
Np3* 6 0.70 B
Moot 6 0.64 B
ra>* 12 1.32 A
Sc3+ 6 0.73 B &

e

*Highest C.N. tabulated.
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Table II. Possible Ionic Substitution Reactions

[PZT+.5y (metal oxide)] sample

Ion Weight Change Mechanisms
+ , ,
Y ' © ¥ PbO (loss) A-site substitution
+ .
M3 © 1.5y PbO (loss) A-site substitution
' lead vacancy charge comp.
u* ©y PbO (loss) A;site substitutiop
( ® .75y PbO vacancies) BY* reduction or BY* vacancies
wt  ®y PbO (gain) B-site substitution
E ' oxygen vacancy charge comp.
Yl ®y Poo (gain) . B-site substitution
w* ® .5y PbO (gain) B-site substitution
lead vacancy charge comp.
+ ) .
MS @y PbO (gain) B-site substitution
( @ 1.25y PbO vacancies) B** reduction or B-vacencies
w?

® 1.25y PbO (loss) A-site substitution
: lead vacancy charge comp.
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FIGURE CAPTIONS _ >
(a.)PbO—TiO2 phase diagram assuming a lead titanate region of )
non-stoichiometry. - ' B
(b) Activity of FbO vs mole fraction PbOvat constant temperatﬁre
(1100°C) for the lead titanate binary.
Points A and B desiénate the constant PbO atmbspheres provided
by the CAMP crucibles of these compositions; point C locates the
cémposition and activity of the nearly stéichiometric single-
prhase compound, whereas D and E indicate the single—phase
boundaries.
Processing flow diagram for the study of the ionic substitutions
in lead zirconate-titenate by gravimefry and vapor phase
equilibration.
Weight-change (CAMP) crucible for thermogravimetry.
The experimental arra._ngement for the vapor-phase equilibration
experiments.

57.573
}: (a) lead oxide

Continuous weight change vs time at 1150°C of a PbTi _Zr _O

sample containing 1 mol% bismuth oxide (BiOl 5

atmosphere provided by & stoichiometric PbTi 5Zr 5O3 crucible,

(b) lead oxide atmosphere provided by a low-CAMP crucible.
Continuous weight change vs time at 1150°C of a PbTi 52 05 | -

sample containing 1 mol% niobium oxide (NbO. _): (a) lead

2.5

oxide atmosphere provided by a stoichiometric PbTi 5Zr 503

crucible, (b) lead oxide atmosphere provided by a low-CAMP

crucible.
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Continuous weight-change vs time (hours) at 1150°C of a pre-

‘treated PbTi _Zr _O_ sample containing 1 mol% lanthanum oxide

577.573
(aOl 5): (a) lead oxide atmosphere provided by a stoichiometric
PpTi Zr 0, crucible, (b) lead oxide atmosphere provided by a

577,573 .
low CAMP crucible (b-dotted) sample contained no naphthalene and

shows the result of sintering at 1150°C. ;

Continuous weight-chenge vs time (hours) at 1150°C of a pre~

.treated PoTi _Zr _O_ sample containing'l-mol% scandium oxide

5 7.573
(ScOl 5): (a) lead oxide atmosphere provided by a stoiéhiometric
PbTi 5Zr 503 crucible, (b) lead oxide atmosphere provided by a

" low CAMP crucible.

The Pb0O-Ti0,-Zr0, isothermal (1100°C) ternary phase diagram

2 2
sketched to include the experimentally determined lead oxide
isoactivity lines. The arrows indicate the compositional
changes occurring in a PbTi.SZr.ﬁo3 sample equilibrating with
any PbTi Zr, O, + FbO mixture with x less than 0.5, or with
pure lead oxide. The sample must transform totally to a liquid

phase to achieve an activity balance with the atmosphere.
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PbO + X Ti02 + (1-x)Zr 02
|
MIX-24 HOURS
ISOPROPYL ALCOHOL ¢ TEFLON BALLS

DRY
MIX-12 HOURS
TEFLON BALLS
ADD
5WT. %
[xTi0oy+ (1-x)Zr O,
WET MIX
: PLACE SAMPLE
. WDER IN CRUCIBLE
DRY A
FABRICATE
CRUCIBLE
HEAT
20 HRS, 850 °C
3 HRS, 1100 °C
MORTAR ond PESTLE
SAMPLE POWDER
SCREEN
laDD OXIDE ,
[WET Mix}— DRY |
. ADD
NAPHTHALENE
1
ATMOSPHERE COLD PRESS
CRUICIBLE PELLET (20gm)
L——————VAPOR PHASE EQUILIBRATE

1100 °C
XBL726-6 4594

Fig, 2
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LEGAL NOTICE

This report was prepared as an account of work sponsored by the
United States Government. Neither the United States nor the United
States Atomic Energy Commission, nor any of their employees, nor
any of their contractors, subcontractors, or their employees, makes
any warranty, express or implied, or assumes any legal liability or
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.
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