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Abstract

Ferroelectric materials with high Curie temperature are highly desirable to construct transducers for high temperature piezoelectricsaapplicatio
Among the ferroelectric materials PbMB; (PN) is one that display such characteristic. However, the fabrication of high density PN ceramics

is very difficult, which limited the use in piezoelectric transducers. In this paper high den€gff) Ti- and Ba-doped PN ceramics were
prepared through the conventional ceramic method. The electromechanical coefficients, such as &eyiisioahd quality factorsQp,),

were measured and compared in the investigated materials. The properties of “pure” PN were comparable to those observed in Ti- and
Ba-modified PN ceramics. The addition of Ba to the PN ceramics decreased the Curie temperature (as compared to the pure PN), limiting
the applicability in piezoelectric transducers for temperatures below@50n the other hand, the addition of titanium not only increases

the Curie temperature, but also contributes to the increase of the densification of the PN ceramics. Results showed that Ti doped PN ceramics
present a high potential to be used in high temperature applications as piezoelectric transducers.

© 2005 Elsevier Ltd. All rights reserved.
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1. Introduction the PN ceramics, difficulting the polarizathand, conse-
_ _ _ quently, their use in ultrasonic transducers.
Lead metaniobate PbNOs (PN) is a ferroelectric mate- In order to avoid the aforementioned difficulties some

rial with a tungsten—bronze structure and orthorhombic sym- elements may be used as additives in the PN structure.
metry in the ferroelectric phase® Due to its high Curie For example, the addition of baridn? (PbBa; _ xNbyOg
temperatureTc) and low quality factor@), this materialhas  or PBNx) contributes for the densification of this mate-
potentiality to be used in the fabrication of ultrasonic trans- rial, but highly reduce the Curie temperature, harming the
ducers, for high temperature applications, such as flow detec-high temperature applications. Others elements also added
tors devices (where the Pb(Zr, Tj@nd other piezoelectric  to the PN structure, such as Pb, Ca, Mn La and*“ii°
materials can not be used). have been used to increase the densification rate of the
Although the PN ceramics have excellentindustrial appli- PN. An important characteristic is that the addition of Ti,
cability, they fabrication is extremely difficult. First, because not only increases the densification of the PN ceramic, but
the orthorhombic ferroelectric phase is only obtained af- also increases th&c,2 which is a desirable property for
ter appropriates heat treatmeffs® Second, abnormal grain  high temperature transducers. However, to obtain a sin-
growth, cracks and the formation of undesirable phases (pro-gle phase compound with orthorhombic ferroelectric phase,
moted by the PbO |OSSGS) may affect the densification of some autho%e needed to use a quenching by dropping the
sample into an empty beaker surrounded by pieces of ice.

* Corresponding author. Tel.: +55 16 260 8227; fax: +55 16 261 4835. This _procedure may be inconvenient in high quantities pro-
E-mail addressvenet74@df.ufscar.br (M. Venet). cessing.
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In this work, highly densified Ti- and Ba-doped PN ce-
ramics were prepared. The main piezoelectric properties were
measured and compared between the studied materials, view-
ing the potential of these materials for high temperature ap-
plications.
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2. Experimental 26, CuKol
Ceramic powders with nominal formula Pbj@y Fig. 1. X-ray diffraction patterns of the PN and PTN powders, heat treated

(PN), Ply 75Bag.2sNb2Og (PBN75) and Pp.xTixNbz _ xOg at 1300°C during 1 h, with orthorhombic structure.
(PTNx) were prepared by the solid-state reaction method.

Analytical graded precursors (with an excess of 2 wt.% PbO, - - - - 100

in the case of PN and PTN), were mixed in a ball mill, con- 60F oeb7s " /°

taining isopropyl alcohol and stabilized Zs©ylinders, dur- 520l o/" e 19 -

ing 20 h. The mixture was dried, and calcined at 106@or A /* &

3.5h and ball milled again for 20 h. The powders of PN and 5 4sof o 192 2

PTN were heat treated at 1300 for 1 h in order to obtain the < éca

room temperature orthorhombic ferroelectric phase. Afterthe  F 4401 188 o

thermal treatment, 3 wt.% of PbO was added to compensate 400l s

the lead losses during the sintering process, at 12745 h. - 184

Similar sintering process was used for the PBN75 sample, 360f PB?WS o

where the addition of PbO excess and thermal treatment was s s s . 180

not necessary to obtain the ferroelectric phase. This sample 0.00 005 010
PN+Content of Ti

was prepared mainly to compare the effect of both dopants.
X-ray d|ﬁraCt|_c’n technique was performed toa qualitative rig 2 curie temperaturdrg) and relative density, as a function of the Ti
phase analysis and to determinate the lattice parameters agontent, for the PTN ceramics and for PBN75.

room temperature, using a Rigaku diffractometer and Qu K

radlgtlon. Computgr assisted dielectric charactenzatmn Wastemperature also increases with the Ti content, from approx-
realized as a function of the temperature, using an HP 4194Aimately 520°C (for x=0) up to 560°C (for x=0.1). On the
impedance gain phase analyzer. The measurements were pefiher hand, the addition of Ba£ 0.25) allows the fabrica-

formed over a temperature range of Zi<T<650°C, dur- o, of higher densified ceramics when compared with PTNS,

ing heating and cooling process, ata constantrateofain. but decreases, in considerably form, the Curie temperature
The samples were cut with different geometries (bars and (~360°C). This result, as mentioned above, practically de-

disgs) to enaple the piezoelectric characterization_ throug.h theStroys the high temperature potentiality of PN as piezoelectric
Gain—-Bandwith method! Measurements of electrical resis- materials.
tivity versus temperature allowed to choose the poling tem- g _3jjjystrates the behavior of the room temperature me-

perature, which was 15C. All samples were poled in this o5 hica| quality factor, for the thickness vibration mode, of a
temperature with an electric field of 4 kV/mm for 30 min. thin disc Qm) and the relative dielectric permittivity43/so),

3. Results and discussion 20— ; ; ; 700
PBN75
g O mmmrmmmeees - 1600

As mentioned in Sectiof, the fabrication of a PN ceramic © - )
with a single phase is a difficult task. Lee and Kinfiffatud- ;: 15} PB’N75 /' 1500
ied the phase evolution of the PN ceramics, obtaining the fer- gs . Luoo ‘i
roelectric phase through a thermal treatment at 280and 5 £
an appropriate quenching before the sintering of the ceramic  $ {300 g
bodies. In this work, the orthorhombic phase was obtained 's. '°f o 1 8
without the quenching. The addition of PbO in excess, dur- @ e S
ing the fabrication process, allowed us to obtain PN ceramics ¢ | 77~ o ° oo
with a single orthorhombic phase, as illustratedrig. 1 5 , . : '

In Fig. 2 can be observed the variation of the Curie tem- e e , 0.10

PN+Content of Ti

perature and the density of the sintered samples as a function
of the Ti Colntent- The densny of PTN Ceramics INCreéases rig. 3. Quality factor Qm) and permittivity at room temperature, as a func-
gradually with the increasing of the Ti content. The Curie tion of the Ti content, for the PTN ceramics and for PBN75.
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Table 1
Dielectric and electromechanical properties fof R@ixNb, _ xOs and Pla 75Bag. 25Nb2Og ceramics

Relative density ka1 ka3 kas/ks1 Qm Te (°C) ert Emax
PN 810 - 035 - 6 517 227 6960
PTN5 912 0.016 036 225 13 537 165 6133
PTN10 949 0.031 035 113 16 563 140 5621
PBN75 985 0.063 034 49 16 363 622 7584
Ref.6 2 ~93 - - 71° 10 534 340 4000
Ref.6 P ~96 - - 62° 32 540 430 4700
Ref.4 - - 41 - 22 540 - -

ks1: transverse coupling factokgs: longitudinal coupling factorQny: mechanical quality factor, for the thickness vibration mode, of a thin discCurie
temperaturesy: permittivity at room temperaturemax: permittivity at the Curie temperature.

@ Sample PN HT (C), sintered at 12%0.

b Sample: PN HT (F), sintered at 1250.

¢ /.

as afunction of the Ti content, forthe PTN and PBN75 ceram- phase. The addition of PbO excess, before calcination and sin-

ics. It can be observed that the room temperature permittivity tering, compensated the lead mass losses during thermal treat-

decreases as the Ti content is increased. This characterisments. In addition, an appropriate heat treatment at 1300

tic is particularly desirable for high frequencies applications. during 1 h, allowed the obtaining of the orthorhombic phase,

It can be also observed, that the permittivity remains nearly without the need of a quenching stage. Also, it was observed

constant, from room temperature up to approximately’40  that the addition of Ti and Ba increased the densification de-

which provide a high stability when used in transducers. Oth- gree. PN ceramics witlk=0.1 of Ti, reached the 95% of

erwise, the addition of Ba increases the permittivity when the theoretical density. This value is very difficult to obtain

compared to those doped with Ti. The permittivity at room in the pure PN, by using conventional method. On the other

temperature for PBN75 is about four times higher than that hand, Ti doping increases the Curie temperature and the qual-

for PTN10. On the other hand, the quality factor is low for all ity factor and decreases the permittivity. Our results showed

samples (<20), comparable with those of soft piezoceramics.that PTN ceramics present high potential to be used in piezo-

Materials with a low quality factor are suitable for wide band electric transducers to operate in high temperature and high

ultrasonic transducers. frequencies. The improved piezoelectric anisotropy of the
Table 1summarizes the main dielectric and piezoelectric PTN ceramics is an additional feature for their potential for

properties for the studied ceramics. As can be observed, theultrasonic applications.

longitudinal coupling factorks) remains invariant, around

0.35, independently of the Ti or Ba content. The transverse

coupling factor k1) could not be measured in the pure PN Acknowledgements
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