
Journal of Electroceramics 4:1, 179±187, 2000

# 2000 Kluwer Academic Publishers. Printed in The Netherlands.

Structure and Properties of Hot-Pressed Pb�Lu1=2Nb1=2�O3-PbTiO3

Binary System Ceramics*

M. ANTONOVA, L. SHEBANOVS, M. LIVINSH, J.Y. YAMASHITA,1 A. STERNBERG, I. SHORUBALKO

& A. SPULE

Institute of Solid State Physics University of Latvia, LV-1063 Riga, Latvia
1Materials and Research Laboratories, Yanagi-Cho Works 18-2F, Toshiba Corporation, 70 Yanagi-Cho, Saiwai-ku, Kawasaki-city 210-8501,

Japan

Submitted May 4, 1999; Revised August 18, 1999; Accepted August 23, 1999

Abstract. Solid solution series of the �17x�Pb�Lu1=2Nb1=2�O37x PbTiO3 binary system ceramics (PLuNT)

were synthesized and hot-pressed (temperature 950�C to 1130�C, pressure 25 MPa); its structure, dielectric and

piezoelectric properties were studied. Pure lutecium niobate PLuN �x � 0� has a pronounced long-range order in

the B-sublattice and an antiferroelectric to paraelectric phase transition at * 258�C. The phase structure of the

PLuNT system, at room temperature, changes from a pseudomonoclinic ( psd-M, space group Bmm2) to tetragonal

(T, space group P4mm). The pseudomonoclinic phase extends over the 0 � x � 0:38 interval within which the

monoclinic angle b proceeds a minimum near to 90� at x%0:2. The morphotropic region covers the interval

x � 0:3870:49, the concentration ratio psd-M:T% 1 (the morphotropic phase boundaryÐMPB) corresponds to

x � 0:41. Within the morphotropic region, a rather strong distortion of the unit cellÐ

�c=a71� � 0:02; b � 90:37�, characteristic of ``hard'' piezoelectrics is maintained. Dielectric dispersion and

broadening of the phase transition, features typical to relaxors, are observed within the concentration interval of

0:1 � x � 0:3. The highest electromechanical coupling coef®cients: kp � 0:66, kt � 0:48, k31 � 0:34 of �17x�
PLuNÿ xPT ceramics are attained in compositions near the MPB at x&0:41. Non-isovalent doping of PLuNT with

La3� in Pb sublattice shifts the MPB to lower values of x.

Keywords: binary systems, lutecium niobate, relaxor, phase diagram, dielectric and electromechanical

properties

1. Introduction

Recently much attention has been paid to electro-

mechanical ( piezoelectric, electrostrictive) materials

because of their promising application in electronics,

ultrasound transduction, acoustic sensing, microelec-

tromechanical systems (MEMS). Substitutions of

other cations in A and B sites of the piezoelectric

perovskite Pb(Zr,Ti)O3 (PZT) [1] (compositions near

morphotropic phase boundary (MPB), which divides

the rhombohedral (R) and tetragonal (T) phases) have

been used to optimise and to improve the electro-

mechanical (EM) properties of these materials. An

alternative approach is to create complex perov-

skitesÐbinary, ternary and many-component sys-

tems, including Pb (B0;B00) O3 compounds, mainly

relaxors, and lead titanate PbTiO3 (PT). Important

reported systems include: [Pb(Mg1=3 Nb2=3)O3

(PMN)-PT] (PMNT) [2,3], [Pb(Sc1=2 Nb1=2)O3

(PSN)-PT] (PSNT) [4±6], [Pb(Sc1=2 Ta1=2)O3-PT]

[7], [PSN-PMN-PT] (PSMNT) [8], PMN-PSN and

[Pb(Zn1=3 Nb2=3)O3 (PZN)-PSN] [9], PZN-PMN-PT

[10], Pb(Yb1=2 Nb1=2)O3-PT [11], Pb(In1=2Nb1=2) O3-

PT [12] and [Pb(Ni1=3Nb2=3)O3 (PNN)-PT-PZ] [13].

Strong EM coupling �kp � 0:76, kt � 0:56,

k31 � 0:46, k33 � 0:79� has been reported by T.

Yamamoto [14] in hot-pressed PSNT ceramic samples
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with grain size * 1 mm and by Y. Yamashita [8] in

PSMNT ternary ceramic materialÐkp � 0:72,

k31 � 0:45, k33 � 0:77, the piezoelectric coef®cient

d33 reaching 640 pC/N. The value of d33&815 pC/N is

reported by Tai-Bor Wu [15] in 5 mol% La modi®ed

PMNT ceramics, the maximum value of k33 in

ceramics up to 0.8 and d33 � 900 pC/N were attained

in the 0.5PNN-0.345PT-0.155PZ composition

[13].

A large effective piezoelectric coef®cient

d33&1800 pC/N, unusual in ceramics, has been

achieved by J. Zhao [16] in the electric ®eld induced

state of PMNT (* 0.2 PT) compositions (bias ®eld

2.5 kV/cm, T � 80�C); the strain at 10 kV/cmÐ

0.15% (in composition near 0.3 PT).

Furthermore, an essential advantage compared to

conventional PZT compositions is the considerable

ease of growing some of the above complex

perovskite single crystals [17±19]. Large values of

k33 and d33 have been reported in single crystalsÐ

k33&0:92 in PZNT [17], d33 � 1500 pC/N in PMNT

[20]. Park and Shrout have observed ultrahigh strain

levels of up to 1.7% (under electrical bias 120 kV/cm)

and k3340:9, d33 � 2000 pC/N in PZNT

�x � 0:08PT� crystals grown by the ¯ux technique

[19].

Consequently, new complex perovskites are of

interest to be introduced, and from such a viewpoint

lead lutecium niobate (Pb(Lu1=2 Nb1=2)O3 (PLuN)-

PT] binary system (further abbreviated as PLuNT)

was studied in this work for the ®rst time with the

purpose of high temperature application.

The phase diagrams of ferroelectric two (multi)-

component perovskite solid solutions often contain

the morphotropic region where, due to the change of

concentration of one of the components, sharp

transitions between non-equivalent crystallographic

structures occur regardless of the temperature.

Compositions close to the MPB or within the

morphotropic region have excellent piezoelectric

properties. Polarization of ceramics in the morpho-

tropic region proceeds more easily because: (1) the

values of spontaneous deformation, e.g., in case of

PZT, �c=a71� of the tetragonal P4mm phase, cos a of

the rhombohedral R3m phaseÐare small making the

material liable to different external factors; (2) the

number of equivalent polar directions is higher in the

morphotropic region: 6 of [0 0 1] in the tetragonal

structure, 8 [1 1 1] in the rhombohedral structure, and

total of 14 in the morphotropic region. Similar

morphotropic R3m?P4mm phase transitions as well

have been observed in other two-component systems,

e.g., PMNT [2±3], PSNT [4±6] a.o. However, there

are few studies of the morphotropic phase transition

between Bmm2 (orthorhombic symmetry with a

pseudomonoclinic unit cell) and P4mm structures.

Such a phase transition might be of certain interest

because of the 12 equivalent polar directions of the

orthorhombic phase. For this reason ceramics of such

a structure have the largest calculated value of

polarizationÐ0.912 of that of the relevant single

crystal30. Thus, the ferroelectric solid solutions

having a tetragonal-monoclinic MPB are expected to

possess good piezoelectric parameters. Possible

coexistence of the structures is suggested by the

P4mm?Bmm2 transition in BaTiO3 where both the

phases are observed in a certain interval of

temperature [21].

The above considerations taken into account,

the solid solution system �1ÿ x�Pb(Lu1=2Nb1=2)

Oÿ3 x PbTiO3 was examined to investigate the

structural, dielectric and piezoelectric properties of

the ceramics, especially in the MPB region, in order to

obtain a precise phase diagram.

2. Experimental

The compositions of the binary system PLuNT were

synthesized with 10 mol % intervals of the PT

concentration and with 1 mol % intervals near the

MPB. According to X-ray data the MPB of the

PLuNT powder is within the (1ÿX)/X interval of 49/

51± 59/41. Re®ned X-ray data of ceramics yielded the

morphotropic region with psd-M:T%1 concentration

within the 60/40±58/42 interval.

All the compositions of PLuNT ceramics were

obtained by solid phase reactions from oxides

according to the wolframite precursor method. The

¯ow diagram outlining the preparation and testing

steps are shown in Fig.1.

Silicon carbide (SiC) pistons and molds were used

for hot-pressing and Al2O3 powder for package. The

inside diameter of the mold was 30 mm. The hot-

pressing was performed in two stages to ®nd the best

regime, the sample density being determined after

each stage. The compositions vary over a wide range,

and hot-pressing parameters have not been completely

optimized at present.

Crystallographic studies were made by X-ray
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diffraction maxima 200, 220, 222 analysis using a

DRON-UM1 difractometer with Co Ka radiation, and

Fe b ®lter. Linear and angular unit cell parameters

were calculated from the relevant 1=d2 quadratic

forms of the tetragonal and pseudomonoclinic cells by

separating the phase components from the complex

diffraction line pro®les.

Density was determined by immersion after each

stage of hot-pressing. To study the dielectric

permittivity e as function of the annealing tempera-

ture, the samples were heat treated for 2 h at

temperatures 1000±1200�C. Capacitance and dielec-

tric loss were measured using a HP4284 LCR

instrument; the dielectric hysteresis loops were

obtained by the Sawyer-Tower circuit in quasistatic

regime.

The piezoelectric measurements were made on

samples poled for 15 min at 25 kV/cm and 125�C and

cooled under ®eld to room temperature. A HP4194

impedance analyzer was used to determine the

piezoelectric characteristics by the IEEE resonance

method [23].

Fig. 1. Flow chart of the preparation and testing of PLuNT ceramics.
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3. Results and Discussion

3.1. Ceramic Properties

The hot-pressing temperature was different for

different compositions: 950�C to 1100�C (x50:2
and x40:7) and 930±1050�C within the interval

0:25x50:7. Because the molds were not hermetic,

intense evaporation of PbO was observed during

the hot pressing even at low hot-pressing tem-

peratures. To compensate the loss, 1 wt % of excess

PbO was used. However, this turned out not to be the

optimum amount, being speci®c to each of the

compositions, since excess PbO was found

in particular samples after hot-pressing as well.

Some PbO volatized at ®nal ®ring the hot-pressed

ceramics in air (at 1200�C, 2 h) used to decrease

the over-stoichiometric amount of lead oxide

(Fig. 1).

The remaining PbO, on the other side, was

responsible for poor polarization (leaky hysteresis

loops) and lower electromechanical coupling.

Polarization and piezoelectric properties of the

PLuNT samples measured during the last step of the

working program display this unwanted effect.

Speci®c resistance of the PLuNT samples at room

temperature is 3 ? 1087109 O ? m. At poling tempera-

tures of 120±130 �C, it decreases to 107 O ? m.

Ceramic samples of PLuNT obtained from compo-

sitions with 1 wt % of excess PbO have a dense

structure and comparatively large grains of the

average size of 5±6 mm (Fig. 2a) while many small

pores and average size of grains 1±2 mm and lower

density are characteristic to samples from stoichio-

metric compositions (Fig. 2b).

Dependence of the hot-pressing temperature and

density r of the PLuNT compositions on the mole

concentration x of lead titanate (PT) is shown in Fig. 3.

The density r gradually decreases if PT concentration

increases as expected from the density values

calculated from X-ray data: for ``end'' compositions

PLuN and PT rcalculated is 9.1 g/cm3 and 7.9 g/cm3,

correspondingly.

The obtained results suggest that the PLuNT

ceramics are sensitive to hot-pressing parameters

(T,p,t) a strong control of which is required. If the

temperature shifts even slightly from its optimal

value, the density of the ceramics is too low and

becomes inhomogeneous over the bulk of the sample,

or decomposition of the ceramics occurs (around the

MPB the PLuNT decomposes at temperatures

exceeding 1120�C).

In case of the PLuNT system, hot-pressing is made

at a comparatively low temperature. Heat treatment

temperature after hot-pressing can neither be high

because of a rather low melting point.

3.2. Phase Diagram

According to X-ray diffraction data, all the obtained

powders are nearly fully perovskite and the ceramic

compounds are single-phase perovskites except for

pure Pb(Lu1=2Nb1=2�O3 ceramics which, under the

conditions of production, contained about 4 vol % of

the pyrochlore phase (Table 1).

The following features of the phase diagram of the

�1ÿ x�Pb(Lu1=2 Nb1=2)O3 ÿ x PbTiO3 solid solution

system can be revealed (Fig. 4).

Pure lutecium niobate (PLuN) has a pronounced

long-range order in the B sublattice (the X-ray

diffraction pattern suggests a superstructure) and a

pseudomonoclinic ( psd-M) cell with linear parameters

a � c � 4:150
�
A, b � 4:119

�
A and an angle

b � 90:43� (Fig. 4, Table 1); The space group of

PLuN and compositions at small x is Bmm2 and the

true unit cell is orthorhombic. A pseudomonoclinic

primitive cell was used to analyze the X-ray diffraction

data and to calculate parameter values. The orthor-

hombic (aorth; borth; corth) and pseudomonoclinic

(a,b,b) sets of parameters are associated by relations:

aorth � 2a sin b=2; borth � 2a cos b=2; corth � b.

With the increase of x (the concentration of

PbTiO3) the long-range order in the B sublattice

disappearsÐthe I111=I200 ratio gradually changes

from 0.919 to 0.054 as x is changed from 0 to 0.3

(Table 1). An intermediate phase between the

antiferroelectric PLuN and ferroelectric PT is

expected as in the case of PZ-PT system at small

concentrations of PT �x � 0:1�. This was not studied

in detail in the present work. Piezoelectric coupling

observed in compositions at x � 0:3 indicates the

presence of the pseudomonoclinic ferroelectric phase.

With the growth of the content of PbTiO3, the

angle b proceeds through a minimum in the

pseudomonoclinic part of the phase diagram. At

x � 0:2 the structure becomes pseudocubic, the angle

b differs from 90� within the accuracy of measure-

ment + 0.02� (Fig. 4a, inset, the corresponding

broadening of X-ray diffraction maxima 222 being

at the limit of experimental resolution).
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The morphotropic region (detected by appearance

of the diffraction component of the relevant phase in

the complex 200 pro®le) extends over the concentra-

tion interval x � 0:38±0.49 (Fig. 4). The

morphotropic phase boundary (MPB) with the

concentration ratio psd-M:T%1 corresponds to

x � 0:41. Within the MPB interval, compared to the

PZT system, a rather strong distortion of the unit cell

�c=aÿ 1� � 0:02; b � 90:37�� is maintained (Fig. 4).

For this reason the pure PLuNT is a ``hard''

piezoelectric. Position of the MPB changes by 1±

2 mol % depending on the amount of over-stoichio-

metric PbO in the synthesized PLuNT compound.

E.g., if PbO is decreased from 1 wt % to zero,

concentration x corresponding to equal amounts of

pseudomonoclinic and tetragonal phases changes

from 0.41 (at 1 wt % of PbO) to 0.39 (at 0 wt % PbO).

Within the morphotropic region X-ray diffraction

maxima are broader than compared to the rest of PT

concentrationsÐthe halfwidth of the 200 component

is 0.5� (2y scale). Outside the morphotropic region, its

halfwidth reduces to 0.3�. This kind of effect is

usually related to microtensions and/or dispersity. In

the morphotropic region both of the effects are

expected, the increase of dispersity in this case

means that within a grain of ceramics (the size of

which is practically constant over the whole interval)

there are regions of coherent scattering centers of

different symmetry.

The relative amount of phases within the MPB was

determined from X-ray diffraction intensities normal-

ized to compositional change of the structure factor

with account for amount of the relevant phase and unit

cell symmetry. The accuracy of 10±15% in this case,

however, suggests that the so-called ``lever rule''Ð

the linear dependence on the concentration of one of

the components, e.g., PbTiO3 does not hold in the

morphotropic region (Fig. 5). For that reason the

morphotropic region is asymmetric with respect to the

equal concentration of pseudomonoclinic and tetra-

gonal phases. If the ``lever rule'' holds, this

concentration corresponds to the middle point of the

morphotropic region. In case of the PLuNT, the

relevant concentration is displaced to the side of

PLuN component, suggesting that the crystallo-

graphic structure of the tetragonal phase within a

(a) (b)

Fig. 2. SEM micrographs of the hot-pressed PLuNT ceramics: (a) PLuNT 58/42 �1 wt % PbO; (b) PLuNT 59/41 synthesized without

excess PbO.

Fig. 3. Hot-pressing temperature and density of PLuN1ÿXPTX

ceramics vs. concentration of lead titanate.
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pseudomonoclinic matrix is of higher stability

compared to a pseudomonoclinic formation in a

tetragonal matrix.

3.3. Dielectric Properties

The thermal dependence of the dielectric permittivity

e of �17x� PLuN-xPT ceramics with different

concentration x of lead titanate is shown in Figs. 6

and 7. An antiferroelectric-paraelectric (AFE-PE)

phase transition at * 258�C is observed in pure

lutecium niobate (e (T) dataÐFig. 6, inset).

Broadening of the phase transition and dielectric

dispersion, characteristic features of ferroelectric

Fig. 5. Dependence of relative amount of monoclinic phase vs.

PbTiO3 content. T � 20�C.

Table 1. Physical and structural characteristics in PLuNT �1ÿ X�=X ceramics at various contents of lead titanate (mol %)

PbTiO3 (mol %) 0 10 20 30 36 40 41 50 60 70 80

Perovskite ratio 96 100 100 100 100 100 100 100 100 100 100

r 8.80 8.79 8.69 8.51 8.50 8.42 8.44 8.16 8.24 7.68 7.76

Tm 258 100 129 265 316 357 353 436 448 495 494

e20 126 750 2238 1429 1936 1228 713 477 723 198

tgd 0.012 0.047 0.070 0.054 Ð 0.043 0.044 0.011 0.022 0.02 0.03

emax 580 3896 7311 17,135 17,633 11,800 25,376 26,500 8607 6100 21,500

e20 ( pol.) 119 590 1990 814 907 1005 1083 477

kp 0.39 0.52 0.66 0.20

kt 0.41 0.42 0.48

k31 0.21 0.27 0.28 0.36

Phase psd-M psd-M psd-M psd-M psd-M psd-M �T MPB T T T T

I111=I200 0.919 0.545 0.299 0.054 0 0 0 0 0 0 0

Perovskite ratioÐperovskite ratio of ®red sample (%); rÐdensity (g/cm3); TmÐdielectric permittivity maximum temperature (�C); e20,

e20( pol.), emaxÐdielectric permittivity at room temperature for unpoled and poled sample and maximum dielectric permittivity respectively;

tgd20Ðdielectric loss at room temperature ( f � 1 kHz); kp, kt, k31Ðelectromechanical coupling factors for planar, thickness and transverse

mode, respectively; psd-MÐpseudomonoclinic; TÐtetragonal, MPBÐmorphotropic phase boundary; I111=I200ÐX-ray diffraction maxima

ratio (superstructure).

Fig. 4. The phase diagram of the PLuN1ÿXPTX system at room

temperature: lattice parameters (a) and distortion of the unit cell

(b) vs. concentration of PbTiO3 (mol %). Inset (a)Ðconcentration

dependence of the monoclinic angle b.
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relaxors, e.g., PMN, PLZT are observed within the

concentration interval of 0:1 � x � 0:3 (Fig. 6). The

peak values of e increase with the increase of PT

content and exceed 25,000 in the MPB region.

However, it remains high (almost higher > 26,500)

even at x � 0:5. Dependence of the dielectric

permittivity maximum temperature Tm on concentra-

tion of PT is shown in Fig. 8. The lowest Tm is

observed at x � 0:1, however near the MPB,

Tm4350�C, which is the highest value among

binary Pb(B0;B00�O3-PT perovskites.

The minimum of the temperature function of the

PT content corresponds to the lowest hot-pressing

temperatures (Fig. 3). The dependence Tm�x� in the

case of PLuNT is very similar to that of PYbNT [11].

The dielectric hysteresis of PLuNT 59/41 as shown

in Fig. 9 is characterized by rather high values of

coercive ®eld Ec � 22 kV=cm and remanent polariza-

tion Pr � 37 mC=cm2.

3.4. Piezoelectric Properties

Coef®cients of electromechanical coupling (kpÐ

planar mode, ktÐthickness mode), as functions of

the PT concentration x in the �1ÿ x�PLuN-xPT

ceramic series, are shown in Fig. 10.

Both coef®cients reach maxima at x � 0:41 (MPB

compound): kp � 0:66; kt � 0:48. Compositions

obtained from stoichiometric mixtures have much

lower electromechanical coupling coef®cients com-

pared to those containing 1 wt % excess of PbO:

kp � 0:54; kt � 0:43 at x � 0:38.

Fig. 6. Dielectric permittivity vs. temperature for PLuNT

�1ÿ X�=X samples (X � 0; 10; 20 mol % PbTiO3).
Fig. 8. Dielectric permittivity maximum emax temperature Tm vs.

concentration of lead titanate X in PLuN1ÿXPTX system.

Fig. 9. Dielectric hysteresis loop for PLuNT 59/41 and PLaLuNT

2/64.5/35.5 ceramics.

Fig. 7. Dielectric permittivity vs. temperature for PLuNT �1ÿX�/X
samples.
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The structural parameters and physical character-

istics of the �1ÿ x�PLuN-xPT ceramics are

summarized in Table 1.

The properties of PLuNT ceramics are sensitive to

the change of technological parametersÐrespec-

tively, dielectric and piezoelectric characteristics are

expected to be essentially improved by particular

optimization of calcining and hot-pressing regimes,

additional heat treatment of the hot-pressed ceramics

at high temperatures, by use of proper amount of

excess PbO, by selection of optimal doping material

and concentration.

3.5. Modi®cation of PLuNT Ceramics

Substitution of La3�?Pb2� results in solid solutions

limited to 15±20 at %. The mechanism compensating

the imbalance of the electric charge at heterovalent

substitution is: one vacancy in the Pb sublattice per

two substituting atoms. Vacancies facilitate domain

wall mobility and the switching process: the coercive

®eld is reduced and poling is more ef®cient. All the

effects are ef®cient, if defective solid solutions are

formed. If an overstoichiometric modi®er is intro-

duced, a mechanism should exist providing place for

it in the lattice.

Stoichiometric defective solid solutions provide

a broader variety of possible concentration of

modi®ers and macroscopic properties of ceramics.

In the case of heterovalent substitution of Pb2� by

La3� according to 2Pb2�?2La3� � A (the corre-

sponding formula of PLuNT solid solutions is

�1ÿ x�Pb1ÿ1:5yLayLu0:5Nb0:5O3-xPb1ÿ1:5yLayTiO3,

where y � 0:01; 0.02 is the molar concentration of

La3�), changes of the phase diagram near the

morphotropic region are observed (Fig. 11).

The morphotropic phase boundary shifts towards

PLuN (the concentration of the monoclinic phase

corresponding to the MPB increases). The MPB of

initial compositions corresponds to x � 0:41 while in

case of modi®ed compositions at y � 0:01 it

corresponds to x � 0:355 and at y � 0:02 to

x � 0:35. At the same time spontaneous deformation

�c=a71� of the unit cell decreases monotonously;

outside region in the tetragonal part of the diagram

c/a-1 diminishes at the rate 1:7610ÿ3 per 1 mol % of

La3�; �c=a71� corresponding to the MPB decreases

to 0.015 at y � 0:01 and to 0.009 at y � 0:02, which

means that modi®ed composition are softer ferro-

electrics compared to unmodi®ed ones. The effect of

La3� on dielectric polarization is shown in Fig. 10.

The relatively high values of induced and remanent

polarization being maintained, the coercive ®eld Ec of

composition PLaLuNT 2/64.5/35.5 has decreased to

15.8 kV/cm. Coercive ®eld is still further reduced to

Ec � 11 kV=cm in PLaLuNT 2/65.5/34.5 which,

regretfully, is accompanied by a decrease of

the remanent polarization. The reason is the shift

from morphotropic phase boundary (in case of

composition PLaLuNT 2/65.5/34.5 the ratio psd-

M:T& 4:1).

The effect of La-modi®er on the dielectric and

Fig. 11. The phase diagram of the lanthanum (2 mol %) modi®ed

PbLaLuNT system at room temperature: lattice parameters a and

c, distortion of the unit cell c/a-1 vs. concentration of PbTiO3

(mol %).

Fig. 10. The electromechanical coupling factors: planarÐkp�a�
and thicknessÐkt �b� for PLuN1ÿXPTX ceramics in the MPB

region.
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piezoelectric properties of the PLuNT system will be

discussed in detail in a separate paper.

4. Conclusions

Solid solutions of the �1ÿ x�Pb(Lu1=2Nb1=2) O3-

xPbTiO3 (PLuNT) binary system have been synthe-

sized for the ®rst time. Hot-pressed (temperature

930�C to 1130�C, pressure 25 MPa) ceramics have

been obtained in the interval 05x50:80 and the

structural, dielectric and piezoelectric properties were

investigated.

At room temperature, the phases change from

pseudomonoclinic �x50:38� via pseudocubic at

x&0:2 to tetragonal �x40:49�. Pure PLuN has a

pronounced long-range order in the B sublattice (the

X-ray diffraction contains superstructure maxima

of a pseudo-pseudomonoclinic symmetry) and an

antiferroelectric-paraelectric phase transition at

* 258�C. With the growth of the PbTiO3 concentra-

tion, the angle b proceeds through a minimum in the

pseudomonoclinic part of the phase diagram (at

x � 0:2 the structure becomes pseudocubic, the

angle b differs from 90� within the accuracy of

measurement + 0.02�). Dielectric dispersion and

broadening of the phase transitionÐtypical features

of relaxorsÐare observed within the concentration

interval of 0:1 � x � 0:3. The morphotropic region

extends over the interval x � 0:38ÿ 0:49, the

concentration ratio psd-M:T%1 corresponding to

x � 0:41. Within this interval, compared to the PZT

system, a rather strong distortion of the unit cell is

maintainedÐ�c=aÿ 1� � 0:02; b � 90:37� making

the pure PLuNT a ``hard'' piezoelectric. Non-

isovalent doping of PLuNT with La3� in the Pb

sublattice shifts the MPB to lower values of x,

diminishes the distortion of the unit cell c/

aÿ1 � 0:009 at 2 mol % of La) and reduces the

coercive ®eld.

The maximum values of the electromechanical

coupling coef®cients kp � 0:66; kt � 0:48; k31 � 0:36

of �1ÿ x�PLuN-xPT ceramics are attained in compo-

sitions near the pseudomonoclinic/tetragonal MPB at

x � 0:41:
The PLuNT system has strong electromechanical

coupling and among binary Pb(B0;B00) O3-PT per-

ovskites, the highest Tm � 353�C. It may be a

favorable material for piezoelectric sensors and

actuators, utilized at high temperatures, and may be

of interest for thin ®lm and single crystal applications.
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