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HIGH TEMPERATURE PHASE EQUILIBRIA IN THE 
LEAD TITANATE-LEAD ZIRCONATE SYSTEM 

Ronald L. Moon~ and Richard M. Fulrath' 

Inorgani~ Materials Research Division, Lawrence Radiation Laboratory, 
and Department of Materials Science and Engineering, 

College of Engineering, University of California, 
Berkeley, California 

ABSTRACT 

Phase relationships at elevated temperatures in the lead titanate-

lead zirconate system were investigated by X-ray diffraction, thennal and 

differential thermal analysis. PbTi03 melts at 1286°c while ~bZr03 

appears to decompose befor~ melting. Between 15 to approximately 40 

mole % PbZr03 a peritectic' reaction occurs at 1360°0. Compositions richer 
I 

in PbZr03 directly decompo$e to the three phase region of liquid, zir-

coniaand PZT on melting, wherea~'compositions lower than 15 mole % 

PbZr03 show solid solution behavior. 
, " , 

Based on a dissertation submitted by Ronald L. Moon in partial ful­
fillment of the requirements for the degree of Doctor of Philosophy in 
engineering science, University of California, Berkeley, California, 
May 1967. 

This work was done Under the auspices of the Unite¢! States Atomic 
Energy Corrunissioll. 

p.J-,the time this work was done the '7ritcrs were, respectively, reseai'ch 
a£i£.;Jstant .nnli profesc~or of ceramic engineering, Department of t-'bterials 
Science and Engineering. 
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I. INTRODUCTION 

Lead zirconate titanate is one of the leading materials used in the 

manufacture of transducers. Until recently, however, little information 

about the phase relationships existing at high temperatures was avail-

able. The purposes of this paper is to sUbstantiate by an independent 

method the high temperature phases ahd to modify the transition tempera-

tures proposed. 

The region between room temperature and the vicinity of the Curie 

temperatures (490° and 210°C) for various ratios of PbTi03/PbZr03 has 

b
· . .. . . 1,2,3 

een fully lnvestlgated. The phases are tetragonal, rhombohedral 

and orthorhombic with the morphotropic bo-unaaries at 53 and 92 mole % 

PbZrO 3. At temperatures between the Curie point and 900°C, the lattice 
/. 

paraneter vs PbZrO 3 content follen,s Vegard' s Law with the· struct ure being 
! 

cubic perovskite. 4 Above 900°C sublimation of PbO causes compositional 

variations at thesurface,5 thus preventing further use of a highternpera-

ture X-ray camera. A PbO depleted layer which thickens with time has 

Qeen observed for Pb(Zro.6s, Ti o• 3S )03 heated in vacuum from 690° to 

6 11300C; the rate of weight loss increases with an increase in PbZr03 

content. 7 An isothermal re;action diagram for the ternary system PbO-Ti0 2-

Zr02 has been prepared by X-ray analysis of samples held at 11000C for one 

hour followed by quenching;,'to room temperature. 8 ,9 Of particular interest 

here is the section with a constant molar ratio of' PbO/(Zr02 + Ti0 2) = 1. 

The solid solution in this region extends from 0.96 to 1.08 indicating 

that a small loss in PbO will not cause a phase change. Using the same 

. method Fushimi and Ikeda10 determined the temperature-composition diagrarn 

for the PbTi03-PbZr03 binary. Between 0-14 mole % PbZr03 the behavior 
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resembled that of ~olid solution melting; above 14 mole% and temperatures 

above 1340 0 c the solid solution decomposed to liquid to Zr02 + Pb(Zr,Ti)03. 

Further heating caused the three-phase region to decompose to liquid + 

Zr02. The presence of a three-phase region in this binary demonstrated 

that the system PbTi03-PbZr03 must be treated as a vertical section in 

, 10 
the ternary system PbO-Zr02-Ti02. This fact complicates the analysis 

of the PZT system because a greater reliance on the experimental data is 

necessary when the binary: equilibrium conditions no longer apply. 

Errors in the solidus temperature and in the phases detected can 

occur vThen quenching techrliques are 'used to investigate a complex oxide 

system. Deteroination of the solidus temperature depends on the detec-

tion at' room temperature of a new phase which is formed when the liquid 

resolidifies. If the liq~id phase reacts rapidly with the solid phase 
I, 

during cooling, a greater amount of liquid is necessary before detection 

is possible by either optical or X-ray methods. The result is a higher 

solidus teoperature. On cooling any complex melt, the possibility of' 

preferential nucleation of a non-equilibrium species possessing, a lower 

surface energy than the equilibrium solid can cause further complications. 

The solid then detected at room temperature will not be indicative of the 
'. 

high temperature equilibrium. 

With a high 'tempt:;rature X-ray calnera and vap~r pressure studies 

ruled out, the most useful method of verifying the quenching results is 

thermal analysis. The previous objections to quenching procedures are 

overcome by using heating curves for the final temperature determinHtion, 

provided the samples are properly hOl;1ogenized. 



-3-

II. EXPERIMENTAL TECHNIQUES 

PZT powder;:; of various composition were made by weighing the proper 

proportions of reagent grade PbO (Baker's), Ti02 (Fisher's) and reactor 

grade Zr02 (Wah Chang) into a glass mixing jar, (T'able I). The charge 

was mixed with isopropyl alcohol, vacuum~dried and pressed into pellets 

which were fired (along with a P-ZT pellet higher in PbZr02 content to 

prevent PbO loss) in a Pt 'crucible at 800°C for approximately nine days. 
i 

Spectrographic analysis of the fin~l pellets did not detect any impurity 

pickup by this procedure. 

The final compositions were ehecked by wet chemical and X-ray 

methods. The wet chemical analysis for concentrati9n o.etermination 
I 

utilized a t h " t h" f'or Tl" ,11 spec rograp lC, ec.nlque a thermogravimetric pro-
I 

cedure for Zr12 and, an e{~ctrochenical method-
-, 13 

forPb , (Table II). For 

the X-ray determination of the conpositibns, the d spacings of the {321} 

and {211} lines were obtained and then compared to fL d' spacing calculated 

14 
from lattice parameters. The latter were assumed to vary linearly over 

, 
the conposition range and 'were fitted to a straight line by a least means 

square procedure, (Fig. land Fig. 2). In order to obtain agreer:lent with 

the calculated values, it was necessary to reheat the calcined powders at 

1200 0 C for one hour in a closed Pt crucible. This treatnlent hOnlogenized 

the powders. The effect of the treatment is illustrated in Fig. 3. A 

conclusion is that the uniformity of starting powders for various process-

ing stUdies can be achieved only by reheating to higher temperatures; i.e., 

the conunon pract ice of calcining the mixed oxides for ,one hour at 800° to 

900°C is insufficiel,t for the attairll'lent of reproducible powders. 
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Examination for phase changes taking place below the solidus tempera-

15 ture was by DTA and X-ray diffraction. Thermal arrest experiments were 

conducted in a 48.2 cm x 82 cm water-cooled steel cylindrical furnace 

lined with fire bricks and heated with seven MoSi2 elements. An A1203 

muffle tube closed at both ends with removable bricks was placed down 

the,centre of the furI)ace. The constant heating zone obtained was 6.4 cm 

long. Temperature control' was regulated by a variable proportional drive 

controller which provided a linear rate of increase in temperature from 

room temperature to 1600oc. 
I 

A conical Pt crucible suspended from a Pt wire threaded through a 

thermocouple tube inserted in the upper brick plug served as the contain-' 

er, (Fig. 4). Powders of the cOr:J.position to be tested were weighed 

(30 gm) into the Pt cruci bie and a 0.025 W.ID Pt foil 'vas spot-welded over 

the top to reduce the vapor loss at high temperatures. A 0.20 iron Pt-pt 

10Rh thermocouple insulated with a 0.64 rom Al203 tubing, notched and 

bound with Pt wire, was used as a temperature sensor. The ther!:l.ocouple 

was inserted into the thermocouple well at the crucible's base and 

secured by pinching the well shut below the bound Pt wire. The thermo-
I ' 

couple e.m.f. was monitored by a potentiometrically balanced strip chart 

recorder. 

The system was calibrated with reagent grade NaC03 (mp. 854°C)16 

andCaO·B203 (m.p. l162°C)17 which was obtained froct the Bureau of Mines 

Pacific Experiment Station. Agreement .. ,as within 3°C. The melting point 

.of PbTi03 was in excellent agreement with the published temperatures of 

',12nlOc
18 and ;.285°CI9 and was also used for calibration purposes., The 

sensitivity of the apparatus was demonstrated. by its ability t.o detect 
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the Curie point transition of PbTi0 3• The weight loss during the expe:ri­

ment was less than 1% of the total weight. 

Additional tests to confirm the solidus temperature were performed 

by placing a sealed 7 rom x 35 rom Pt crucible containing PZT powder into a 

furnace held at constant temperature. A thermocouple in contact with 

the outside of the crucible was used for temperature determination. The 

charge was examined for liquid format.ion after quenching ih liquid nitro-

gen following a thirty-minute soak at a constant temperature. 

III. RESULTS AND DISCUSSION 

,1. Investigations Below the Solidus Temperature .. 
i 

DTA of powders·r~nging in composition between 0 to 52.5 mole % 

,PbZr03, taken at 5 mole % intervals, showed only the Curie point and 

melting point transition, (Fig. 5). These compositions seemed the most 

likely region for a high temperature phase in view of the cooling curve 

analysis (to be discussed later). Several tests ,in the composition re-

gionricher in PbZr03 demonstrated corresponding results. The high 

temperature X-ray camera cannot be used without substantial error above 

800-900 0 C since the loss of Pbd,combined .lith the high scattering 

ability of Pband Zr ions, allows only the composition near the surface 

to be ascertained. If the'X-ray technique recorded a phase change, the 

new phase could not unambiguously be assigned to a change in the bulk 

" 
structure of the cQmpact. To circumvent this problem, the following 

procedures were adopted: .. 

(1) A 50-50 mole J~ mechanical mixture of powders of different COffi-

positions \vas heated near the solidllS temperature of the 10'\0[est 

melting substance. If a high temperature phase does e:':lS1:;, a. 
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compound not c?rresponding to that expected from the mechanical 

mixture should be observed. 

(2) A sample of a particular composition was held for one hour 

below its solidus temperature and then quenched in liquid 

nitrogen. The presence of a new phase would be detected by 

splitting in the diffraction peaks. 

In both cases the results gave no indication of a high temperature 

phase, (Table III). The failure of the above methods to detect a higher 

temperature phase--coupled with the fact that the lattice constants at' 

900°C follow Vegard's Law..,-indicates the solid solution region below the 

solidus is a substitutional cubic perovskite structure in all cmnpositions~ 

2. Thermal Analysis of PbTi0 3 ,and PbZr03 

The melting point of PbTi03 was found to be 1286°c± 3°C by noting 

the temperature at which the horizontal plateau of the heating and cool-

ing curve began. Confirmation of the melting temperature was accomplished 

by a quenching technique followed by visual observation. Samples held 

for thirty minutes at 1280oc, 1283°C and 1286°c showed a sintered solid., 

slight liquid formation and cooplete melting, respectively. Close examina­

tion of the heating curve showed a 3°C melting i~terval attributed to 

impurities. The report of a eutectic on both sides of PbTi0319 and the 

absence of any compound formation other than PbTi03 in the PbO-Ti02 

20 
system negates the idea of a peritectic reaction and supports an im-

purity caused melting interval, although this seems large. PbTi03 is 

then a congruently melting compound. 

Similar experiraents on PbZr03 were unsuccessful due to rapid. de-

terioraU.ol1 of the platinum crucible at ter.:peratures above l500oC. The 
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remaining solid was monoclinic Zr02 even though continuous heating of 

PbZr03 to l5500 C gave no indication of melting. In addition, several 

crucibles were placed in the furnace, held at temperatures higher than 

l520 0 C for three to five minutes and then quenched. ,In this case liquid 

formation was not seen and the remaining solid consisted of a PbZr02 

core surrounded by a white Zr02 layer. The onset of crucible attack 

appears very suddenly as the furnace temperature is raised above approxi-

mately l520oC; this temperature could not be determined accurately. If 

the reaction'PbO + Pt ~ Pt (Pb solid solution) + 1/2 02 were taking vap 

place, it would be accelerated by an increase in the FhO concentration. 
, liq 

'A peritectic decomposition of the form PbZr03 t. or FbO + ZrO (s.s.) would 
yap 

cause such an increase. Any liquid PbO formed would probably be vaporized 

since PbO boils at l472°C. 21. Reactions of these types wO'\lld account for 

both the deterioration of the Pt crucible and the absence of any form of 

PbO in the remaining solid.' The PbZr03, core that remained in the sa.'llples 

that were placed for one'to two minutes in a constant temperature furnace 

is due to the radial temperature gradient that existed. Since the center 

was cooler than the exterior of the sa.'llple, decomposition had not occurred. 

The longer a sample was heated the greater the thick,ness of the "lhite 

Zr02 layer a.~d the smaller the diameter of the PbZr03 core. 

Additional support for a decomposition reaction would be the absence 

of other intermediate compounds in the PbO-Zr02 system. To firmly es-

,tablish whether'2PbO_Zr02 exists, mixtures of 2 moles PtO and 1 mole Zr02 

were heated at 800°C for a total of 54 hours. At eighteen hour intervals 

the sa.-:lple Was ground, analysed by X-ray diffraction, replaced and the 

heat treat!:lent continued. ']'he only phases detected "'ere PbZr03 and. 
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orthorhombic PbO. Other studies
8

,22 have shown similar results. Heating 

a 20 mole %Pbo-80 mole % Zr02 sample at 950°C produces only PbZr03 and 

tetragonal Zr02 which transforms to the monoclinic form on further 

23 heating. From these observations the existence of two peritectic 

reactions at 910° and 15700 c (corresponding to PbZr03 decomposition) 

10 
seems reasonable, although the latter temperature is probably erroneous. 

As shOlID in this investigation PhZr03 cannot be contained in Pt above 

In view of the incongruent melting of the PbZr03, the vertical sec-

_. tion at 50 mole -% PbO in the PbO-Zr02-Ti02 composition-temperature dia-

gram cannot be a quasi-binary. 

3. Thermal Analysis of Lead Zirconate Titanate Mixtures 

The ... final ter.lperatUres used for the phase diagram were obtained. from 

data derived from heating curve analysis since supel"cooling, the possi-

bility of preferential nucleation of a non-equilibriun solid and low dif­

fusion rates in the soli_d~ppeared to be present. The -cooling curves in 

this system proved to be inaccurate and were useful in indicating the 

general trend of events only. 

As the melt was cooled the first inflection point, which is repre-

sented by the uppermost line in Fig. 6, shOl·red distinct undercooling for 

c,Ompositions of PbTiOa, Pb(Ti o ' 9s , Zro'Os) 0 3 and Pb(Ti o ' 90 ' Zr O ' 10 ) 03' 

For compositions richer in PbZr03 the first point split into two inflec- e 

tion points. The tenperature difference between the split points and 

their absolute temperature increases with increasing PbZr03 content. 

Since the lower point did not remain constant while the PbZr03 content 

1,iaS varied, a simple peritectic reaction could not be responsible. All 
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possible peritect~c reactions could not be ruled out, however, because 

the cooling curve behavior was very much like that of a metal which 

undergoes a peritectic transformation; i.e. pronounced undercooling and 

a short isothermal arrest which slowly merges into the cooling rate of 
. . 24 . 
the furnace. The temperature of the final inflection point, which 

could not be detected for samples exceeding 25 mole % PbZr03, was con-

trolled by coring. Coring is particularly common when dendritic growth 

is present and results in a composition gradient through the dendrite. 

The melt of agiven PZT composition (vertical line) will begin to solidify 

on reaching the liquidus temperature and deposit a solid with a compo-

sition in equilibrium with the liquid at that tenperature. As the tem-
I 

perature is lowered the average composition of the soli~ is not that in-

dicated by the solidus lirl:e due to slow diffusion in the soli.cl., but is 

richer in PbZr03. The de;iation from the equilibrium composition increases 

as the temperature is lOi·Tered. Upon reaching the equilibrium solidus 

temperature for the specif:ic composition the average solid composition 

is still rich in PbZrO 3 anna liquid rich in PbTi03reLlains. Cooling 

~urther, the average solidi composition finally coinc.ides with the origipal 

composition and the liquid rich in PbTi03 solidifies. 

Support of this hypot\hesis is indicated by observation of dendritic 

growth which appeared to decrease with the addition of PbZr03 and by the 

different solidus temperatures obtained for different cooling rates. The 

faster the cooling rate, the shorter the period of time for solid state 

diffusion to take place; therefore, the larger the deviation of the 

avera,se solid composition from equilibriUl";l and the lower the final freezing 

temperature. Figure 6 shows the final inflection points of the 5~6b/min 
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cooled runs to be lower in temperature than .the 2.8°/min runs. 

Examination of the solid taken from the crucible showed the follow­

ing : compositions containing 0, 5 and 10 mole %PbZrO 3 yield only the 

originalcomposi tion as ascertained by X-ray analysis. At higher per- .., 

centages of PbZr03, Zr02 (monoclinic) and PbO(orthorhombic and tetragonal) 

were present in addition to the PZT phase. The PZT phase was generally 

richer in PbTi0 3 than the original composition. A cross-section of a 

cruci-ble containfnga solidified nelt whose original composition .laS 

greater than 15 mole % PbZr03 would have a greenish-white top layer fol-

lowed by a gradual transition to a brownish-orange solid along the sides 

and botton of the crucible. The phases present on t~e top layer are PZT 

and Zr02,- while in the bot yom the sa.'T!e species were detected with the 

addition of PbO. The solid at the bottom and si<ies of the crucible 1-lould 

be the phases to first solidify on cooling, while those at the top and 

center would be the last. The last liquid to solidify would be rich in 

PbO, the lowest melting component. The vapor pressure would be relatively 

high at these temperatures~ accounting for the absence of PbO at the 

surface. The detection ofPbO at the bottom and sides·of.the ·crucible 

could be explained by the PbO-rich liquid finally solidifying in the 

·interstices between dendrites. The appearance· of unreacted Zr02 in the 

.. presence of PbO' seems strange considering the solid state reaction to 

form PbZr03 that takes place when powders of PbO and Zr02 are mixed and 

heated. The appearance of these three phases· indicates the possibility 

. of a three-phase equilibrium involvinG Zr02, PZT and liqUid rich in PbO 

at some temperature above the solidus. On the other hand, since the 

,\, 
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phases present do not react rapidly once in the solid state,* the same 

situation could be caused by non-equilibrium nucleation of Zr0 2 and PZT 

followed by solidification of the remaining melt. 

From this discussion it is evi~ent that the temperatures determined 

by cooling curve analysis must not be used because of undercooling and 

the inhomogeneity of the final solid caused by preferential nucleation of 

a non-equilibrium species or by the slow diffusion rates in the solid. 

Resolution of the question of whether three phases exist at high tempera-

ture or whether preferential nucleation caus~s the observation of PbO, 

PZT and Zr02 at room temperature can be solved only by heating curve 

an'alysis because nucleation and growth considerations are absent. 

4. Heating Analysis 

The thermocouple arr~n:gement used here should be particularly sen-

.sitiveto phas~. changes in powders. As heating proceeds, sintering takes 

place causing a shrinkage of the powder away from the crucible wall, 

demonstrated by the rattling of the unmelted charge in the crucible after 

heating near the melting point. The charge is then supported by the top 

of the thermocouple well a!1d a break in the heating curve will result 
i 

.when the portion nearest the thermocouple melts. The unusual geometry 

employed causes the primary heat flow in this case to be through the Pt 

metal ahd not from the container wall through the vapor gap to the 

partially sintered mass of the original composition. The first inflection 

* If an equimolar mixture of Z1'02 and PbTi02 is heated the resultant 
mixture is 7.1'02 containint; a small amount of Ti02 in solid solution 
and PbTi0 3 containing a small amount of PbZr03' Conversely, if a 
similar experiment is perforIlted with Ti02 and PbZr03, the PbZr03 ,.;ill 
decompose leaving Zr02 and Pb'l'iO 3 with 7 mole % PbZrO 3 in solid. 
soJution. 9 . 
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point in the heating curve would thus represent the solidus temperature. 

This point was checked by inserting crucibles containing PZT into the 

fUrnace held at a constant temperature 3°-5°C above the first inflection 

point for that composition.' Examination showed liCluid formation. 

Continued heating causes a second inflection which shows a larger 

heat effect. This is rationalized in the following manner: the sample 

sinters to a conical shaped solid supported by the thermocouple well and 

partially separated from the wall of the crucible. Heat transfer to the 

solid is by convection through the gas phase present in the crucible but 

. primarily by conduction along the solia. thermocouple well. The hottest 

point of the solid is the top of the thermocouple well because gooa con­

tact between the sintered powder and Pt crucible is maintained in this 

'" . region. After the first inflection point is reached the liquid formed in 

the vicinity of the thermocouple is -:ery small and therefore' shows a small 

heat effect. Further heating plus the added heat conduction effect of the 

liquid formed brings the remaining solid (major mass) to the solidU:s tem­

perature or above it .. 

The last inflection od heating is the liquidus point. After reaching 

this temperature, the melt temperature rises very rapidly, due to the in­

creased heat conduction in the liquid, to establish a heating rate similar 

to that of the furnace. A summary of results is in Fig. 7. 

The heating curves show a trend that supports the idea that a three­

. phase region (liClUid + Zr02 + PZT) does exist at high temperatures. The 

results aGree w'ith those obtained from Cluenching techniClues,(FiG. 8). 

'. 'l'he ,maj or refinements to the quenchint; diagra.!:l ai'e the, lower solidus and 

liquidus tClnpel'atul'es due to E;reater sensi ti vi ty in detection, and the 

.,' 

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

The establishment of a three-phase region in the PbTi03-PbZr03 

system definitely proves ,the system is not a quasi"":binary section in the 

PbO-Ti02-Zr02 composition temperature diae;ram .. 

IV. CONCLUSIONS 

A solid solution appears to exist in the region between the Curie 

and the solidus temperatures for all ratios of PbZr03/PtTi03. DTA and 

X-ray techniques failed.to find a phase transit ibn or any new phases. 
I 

The lowest temperature at which liquid is formed in this system is 

1286° ± 3°C, the melting point of PbTi0 3. Increasing thePbZr03 to 
, " 

PbTi0 3 ratio increases the solidus temperature. The highest temperature, 

the melting point of PbZr03, could not be determined because the crucible 

rapidly deteriorated above 15000 C. PbZr03 appeared to.deconpose to 

PbO(vap) + Zr02(solid) before melting. Compositions between PbTi0 3 and 

15 mole % PbZr03 showed a simple melting behavior characteristic of a 

solid solution. Between 15 mole % to approximately 40 mole % PbZrOa a 

peritectic reaction occurs at l3600 c. Above!the peritectic temperature 

is a three-phase region with liquid, zirconia and PZT solid solution in 

equilibrium. Decomposition to three phases occurs directly at the 

solidus temperature for compositions richer in PbZr03 than 40 mole %. 

The phase diagram determined here by thermal analysis is in basic 

agreement with that obtained by quenching methods and confirms the existence 

of a three-phase region. 
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Table I. Semiquantitative spectrographic analysis 
of the oxides used. 

(Impurities reported as Wt. % of the oxide.) 

PbO (Baker's Ti02 (Fisher's Zr02 (Wah Chang 
reagent grade) reagent ,grade) reactor grade) 

0.004% 0.2% 0.003 

.005 .001 .002 

<.002 .01 .01 

.002 .04 .005 

.001 .002 .005 

.0005 "--

.002 

.01 

<.025% 

<.0005 --. , 

.05 

.005 

.006 

",-
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Table II. Chemical analysis of lead zirconate titanate powders 

Mole % PI' 
10 20 30 40 60 65 70 75 80 85 90 95 

Weight Percents 

% Ti02 2.52 4.85 7.28 9.905 14.61 16.35 17.01! 18.50 19.76 20.88 23.58 24.84 

% Zr02 32.26 . 28.90 26.01 22.32 15.45 13.67 11.74 9.88 7.99 4.91 4.07 . 2.025 

% PbO 66.1 66.0 66.6 67.5 69.8 70.55 71.1 71.95 72.25 72.53 72.9 73.45 

--

Closure 100.9 99.75 99.9 99.73 99.9 100.6 99.9 99.8 100.0 98.3. 100.6 100.3 

Mole % FT* 10.74 20.56 30.16 40.64 59.33 64.85 69.13 74.29 79.23 86.77 89.94 94.99 

Each percentage is the average of at least three separate determinations. 

* Mole % PbTi03 calculated on the basis that all TiOi is combined in PbTi03 and all Zr02 is combined 
as PbZr03 and that their total = 100.0%. 

I 
I-' 
\0 
I 
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Table III. Results of heating 
mixtures of various 

Mixture 50/50 mole % 

PbZrOa+Pb(Zrooeo,Tioo2o)Oa 

Pb (Zro 090, Tio 0 10) 0 3+ Pb (Zro 0 30 ,Ti 00 70 )0 a 

. Pb(Zroo6o~Tioolto)03+Pb(Zroolo,Tioo90)Oa 

for 1 hour of 
compositions 

Temp 

equimolar 

Resultant composition 

Pb( Zr Oo90,Tio olO)03 

Pb(Zr oo6o,Tioolto)Oa 

. , 

~.! 

: ... ' 
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FIGURE CAPTIONS 

Figure 1. Interplaner spacing of the (211) and (211) planes for rhombo..,-

hedral PZT. 

-Figure 2. Interplanerspacing of the (211) and (112) planes for tetragonal 

PZT. 

Figure 3. Effect of thermal treatment on homogenizing calcined powders. 

Figure 4. Suspension apparatus and crucible design used in thermal 

analysis. 

'Figure 5. DTA of lead tit~nate rich powders. 

Figure 6. Phase diagram as determined by cooling curve analysis. 

Figure 7. Phase diagram a~s determined by heating curve analysis. 

Figure) 8. Phase diagram as 
I 

determined by thermal analysis (this inve~tiga-

tion) and quenching methods . 10 

• 
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COMPOSITION: Pb(ZrOO.20~ TiO.SO) 03 
RADIATION: Cu Ka: 

t . 

. (a) CALCINED POWDER 

(b) . AFTER HEATING THE CALCINED POWDER AT 1200°C FOR 11/2 HRS. 
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. 
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Fig. 3 
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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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