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Abstract

Niobium doping lead zirconate titanate [PZTN 65/86{ = 1, 2, 4, 5)] ferroelectric ceramics show perovskite structure and a rombohedral
phase. The average grain size, the maximum dielectric permittivity, the transition temperature and the remanent polarization decrease when
the niobium concentration increases, while the coercive field does not show any particular behavior and the porosity increases. The results
are discussed taking into account the incorporation of the niobium to the lattice and the variation of the grain size. Preliminary results of the
pyroelectric behavior are shown.
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1. Introduction to evaluate the dielectric, piezoelectric, pyroelectric and
electro-optic propertie$® It can be considered as a donor
Since the discovery of the ferroelectric materials many dopant since it substitutes ZvTi*+ ions, promoting the
attempts have been done describing their nature becauséead vacancies because of the charge compensation. Some
their excellent properties, which them feasible for the de- papers have shown several improvements when the niobium
velopment of electromechanical transducers, electric capac-doping on the PZT is produced as thin filth#n this work
itors, etcl2 Starting from the discovery and study of the we present a study of the effects of the niobium on the PZT
barium titanate (BaTig) has been developed an important ceramics lead zirconate titanate (PZTN system), since their
number of studies on ferroelectric materialsead titanate properties are very different on thin films. We will analyze
zirconate PbZzr ,Ti, O3 (PZT) is one of the most widely  the effects of the niobium on the dielectric, pyroelectric and
studied ferroelectric materials due to its potential technolog- ferroelectric properties in PZTN 65/36(x = 1, 2, 4, 5)
ical applications:™2 PZT has long been the subject of many ferroelectric ceramics.
experimental and theoretical research efforts to understand
the physical origin of its striking ferroelectric properties.
A perovskite structure (ABg) with excellent properties in 2. Preparation of the samples
the morphotropic boundary phase (Zr&i0.52—0.55)24
and the presence of cationic vacancies are some of its The ceramic samples were obtained by using the standard
fundamental characteristiés. ceramic method with a nominal composition given by the
Many aliovalent compositional alterations to PZT have expression: Ph.,/2(Zrg 65Tio.35)1—xNb,O3. This formula is
been studied either with higher valence substitutions simplified by the expression PZTN Zr/Ti/Nb representing the
(donors), either with lower valence ions (acceptdrsy. atomic percent of each one of the elements. Four different
The niobium additive is one of the most used in order compositions were prepared, adding= 1, 2, 4, 5at.% of
niobium whose representation will be PZTN 6585/
* Corresponding author. Fax:537 8783471/335774. High purity powders were blended and milled during 2h,
E-mail addressespelaiz@ff.oc.uh.cu, pelaiz@yahoo.com heated up to 808C for 1 h and again milled. The powders
(A.P. Barranco). were pressed with 2000 kg/énn a hydraulic press and the
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sintering was made at 120Q for 1 h in air conditions. For |
the electric measurements, silver electrodes were deposite(

on the plane faces of the ferroelectric disks by a thermal | 2 8
Y SN L WY W I\
treatment at 590C. ,
‘ PZTN 65/35/1
:_:.: }‘\ J\ 2 PZTN 65/35/2
3. Experimental procedure z - e S
g |
3.1. Structural analysis - \ ‘ PZTN 65354
e — .J\_..u, . _«} L /\L__,f‘__/\__// e A

X-ray diffraction analysis at room temperature was made |
by using a SIEMENS D5000 (35 kV, 30 mA) diffractometer ‘
and Cu kx radiation. The microstructural studies (SEM) }‘\ o | TN 6573553
were carried out on the fractured samples by using a *L— e e e e

T T T T M T M T T T
Cambridge-Leica Sterioscan 440 microscope. 10 20 3029 « 40 | 50 60 70
egrees

3.2. Thermoelectric analysis Fig. 1. X-ray diffraction patterns at room temperature for PZTN 65(35/
ferroelectric ceramics.

The dielectric analysis at 1 kHz was carried out in a wide

temperature range by using a bridge RLC Phifips. Table 1
Lattice parameters of the rombohedral (hexagonal) cell for PZTN 66/35/

ferroelectric ceramics

3.3. Ferroelectric hysteresis

Compositions a (A c(A)
A Sawyer—Tower circuit was used at 1Hz and room PZTN 65/35/1 5.760 14.231
temperaturé. PZTN 65/35/2 5.763 14.225
PZTN 65/35/4 5.763 14.213
PZTN 65/35/5 5.763 14.212

3.4. Pyroelectricity

_ For pyroelectric measurements the samples were polar-yhich provides a desestabilization of the lattice. On the
ized at 1.33kv/mm and 120 for 20 min. The temperature  giher hand, in the mixed-oxide route, lead titanate is the

dependence of the pyroelectric current was obtained by us-first reaction product to appear before the PZT solid solu-

ing a multimeter Philips PM 2525 and the pyroelectric Co- ion is formed because of the higher diffusion coefficients
efficient and the pyroelectric figure of merit were calculated ot pi?+ and Ti in comparison to Z¥". Therefore, PZT

at room temperaturé:* grains show a gradient of Zr/Ti concentration from the core
to the shell. Then, is more probably the substitution of the
_ . Zr**[Ti** ions by NIB* ions in the center of the grains, and
4. Results and discussion therefore, a higher desestabilization must be obtained there,
. which could be an origin of the formation of holes at the
The crystallographic structure of the PZTN 65/88&- center of the grains during etching, increasing the porosity
ramics was examined considering the X-ray diffraction pat- \yith the niobium concentration.

terns shown irFig. 1 The indexation is the same for all The temperature dependence of the dielectric permittiv-
compositions. A perovskite structure and a pure rombohe- ity at 1kHz is shown inFig. 3 A decrement of its max-

dral phase (hexagonal) were observed for all samples. Allj,um (emax) is Observed when the niobium concentration
spectra show no evidence of pyrochlore phase formation. Onjcreases. All the compositions showed a Curie-Weiss be-
the contrary, in the case of thin films, it has been rep8rted havior above the transition temperatufie)(

that niobium content acts to stabilize the transient pyrochlore  1ap1e 2shows theemax and T values. The increment of

phase after annealing temperature higher than°@he the niobium concentration promotes a decrement i
lattice parameters corresponding to the rombohedral (hexag-

onal) cell are shown iTable 1 The SEM studiesKig. 2
showed that the niobium addition promotes the inhibition of
the average grain size and increases the porosity.

Table 2
Dielectric parameters for PZTN 65/35ferroelectric ceramics

The porosity is obviously more related to the sintering C°mPpositions Emax Te (°C)
process and as well to the ceramic processing, but the incor-PzTN 65/35/1 45,509 265
poration of doping ions in the perovskite lattice could influ- PZTN 65/35/2 26,832 260
ence on it too. The niobium incorporation to the lattice (by PZTN 65/35/4 10,588 245

PZTN 65/35/5 6,089 235

the substitution of Ztt/Ti*t ions) generates Pb-vacancies,
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PZTIN 65/35/4 PZTN 65/35/5
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Fig. 2. SEM results at room temperature PZTN 65(3®&froelectric ceramics.

andTc. The incorporation of the niobium in the B-site sub- erties of the systerh.Then, for a higher niobium concen-
stitution creates vacancies in the A-site of the perovskite tration a lower thermal energy will be necessary to provide
structure. It is believed to break the long-range interaction gz ferroelectric—paraelectric transition, decreagipgon the
between ferroelectrically active oxygens in octahedra con- other hand, the niobium incorporation also affects the to-

taining B-sites cations, which affects the ferroelectric prop- tal dipolar moment of the system and then the polarization,

which is reflected in the variation of the dielectric permit-
50000 tivity with the doping.
— = PZTN 65/35/1 Fig. 4shows the hysteresis results at room temperature for
—o— PZTN 65/35/2 \ a maximum applied field of 1.1 kV/mm anthble 3picks
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Fig. 3. Temperature dependence of the dielectric permittivity at 1kHz for Fig. 4. Ferroelectric hysteresis results at room temperature and 1 Hz for
PZTN 65/35x ferroelectric ceramics. PZTN 65/35x ferroelectric ceramics.
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Table 3 _ _ _ polarization of the ceramic system with the increment of the
Parameters of the ferroelectric hysteresis for PZTN 6%/8Bfamics niobium concentration. The results of both parameters show
Compositions Py (WC/cn?)  Pmax (0Clen?)  Pr/Pmax  Ec (KVicm) suitable ceramics for pyroelectric sensbd>16

PZTN 65/35/1 15 17 0.88 7.04

PZTN 65/35/2 15 18 0.83 8.44 .

PZTN 65/35/4 12 15 080  6.92 5. Conclusions

PZTN 65/35/5 6 7 0.71 6.13

PZTN 65/35% (x =1, 2, 4, 5) ferroelectric ceramics
showed perovskite structure and a pure rombohedral phase.

imum polarization Pmax) and the coercive field&;). The Th in size. th . dielectri itivit
remanent polarization shows a decrease with the increment € average grain siz€, thé maximum dielectric permittivity,

of the dopant, which is associated to the variation of the the transition_ temper_atu_re and t_h_e pyrqelectric coef_‘fici_ent
total dipolar moment due to the niobium incorporation to decreased with the niobium addition w_hlle_the p_or05|ty n-
the structure. The fractioRy/Pmax Show high values, which creased. On the other hand, the coercive field did not show

could offer information concerning a near saturation sate, any particular behavior. The results were discussed taking

but note that the highest concentration shows conductive be-im0 account the niobium incorporation to the structure and
havior rather than saturation the variation of the grain size. The pyroelectric parameters

The coercive field does not show any particular behavior. show suitable ceramics to be used in practical applications.

Its increase is associated to the decrease of the grain size
and its decrease for PZTN 65/35/4 and 65/35/5, in spite Acknowledgements
of the decrease of the grain size, it can be attributed to
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