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Abstract

(1—Xx)Pb(Niy/3Tag3) O3 —xPbTiO; (x=0.00-0.80) ceramics were prepared by the columbite/wolframite method. The phase stability was studied
by XRD analysis. No perovskite phase was formedkfei0.00. As PT content increases in the solid solution, the perovskite phase becomes
dominant at room temperature. When 0.60, a pure perovskite phase was obtained. The temperature dependence of the dielectric properties
was evaluated. A maximum of the dielectric constant of about 28,000 is observed 80 ceramics.

© 2005 Elsevier Ltd. All rights reserved.
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1. Introduction and strong ionic bond$Due to the electronic configuration
of Ta®*, when compared with N, the degree of covalent
Lead-based relaxor ferroelectrics are widely used in mi- bonding in tantalum compounds is higher. In addition, the sta-
croelectronic applications such as capacitors, tunable trans+ilization of the perovskite phase is different for different B
ducers, and memory devicksviost of the researches have site ions. Itis relatively easy to obtain a pure perovskite phase
been mainly focused on the study of lead-based niobatefor Ph(Mgy/3Tap/3)Os* and Pb(Fe2Tay/2)O3.5 However, and
Pb(By_xNbyx)O3 materials, in which B=Z#", Mg?*, Ni%*,  similarly to Pb(Zn/sNby3)Os(PZN), it has been reported that
and the solid solution with PbTi) Lead-based tantalate it is impossible to prepare Pb(ZgTa3)Os (PZTa) with a
Pb(B1—xTax)Os is another family of ferroelectric relaxors, pure perovskite structufeSeveral attempts were conducted
but not too much attention has been paid to this system.to obtain the perovskite stabilization in PZTa by adding
However, the low phase transition temperature of some 80 mol% Pb(Mg/3Tap3)Os,” 35 mol% Ba(Zn/zTag/3)03,8
of the members make Pb{BTa,)0s, (B is Zr**, Mg?", and 80% of PbTi@ (PT)? It is known that the tolerance
Ni2*) important candidates for utilization in devices op- factor and electronegativity difference in PZTa systems are
erating at cryogenic conditions, like low temperature ca- increased by the solid solution formation with these com-
pacitors and actuators for space applications. Moreover, pounds and consequently the stabilization of the perovskite
the perovskite phase stabilization is difficult in these sys- phase. Recently, a new methodology to stabilize the per-
tems. ovskite phase in PZTa ceramics that combines the maxi-
According to the literature, Nb tends to stabilize the per- mization of the crystal-chemical and thermodynamic require-
ovskite phase in Pb@xNbyx)O3 system more effectively  ments, and optimization of the kinetics of the reaction of
than Ta in Pb(B_xTa)O3.2 It is well known that two basic  perovskite phase formation by using highly reactive PT nu-
requirements should be fulfilled to obtain a stable perovskite cleus was reporteHJ_ A pure perovskite phase was obtained
phase: a tolerance factdycomprised between 0.8 and 1.09 at x=0.60 by PT seeds method and the dielectric constant
of 0.40PZTa-0.60PT ceramics was reported to be 13,800, at
* Corresponding author. Tel.: +351 234 370354; fax: +351 234 425300. 1 KHZ, compared with 5800 at 1kHz for ceramics prepared
E-mail addresspaulas@cv.ua.pt (P.M. Vilarinho). by oxide mixture samplé&®
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Pb(Niy/3Tap/3)O3 (PNT) system has not been widely re- o
ported in the literature. PNT single crystal is ferroelectric £ P00
relaxor with a maximum of dielectric constant of 2400 at x=0.70
450kHz and—160°C2 Ling et al? investigated the per- T x=0.60
ovskite phase formation of PNT ceramics. The results showed — T 050
that only pure pyrochlore phase was obtained when conven- o " A ~=0.40
tional mixed oxide method was used. No other systematic & — A A 50
investigations were reported on this system to the author’s A A '
knowledge. S 1) eI 5220

In this paper, the phase development and the per- [LJ A j X010
ovskite phase stabilization of PNT induced by PT is stud- s e ef R = x=000
ied. (1-X)PNT—xPT (x=0.00-0.80) powders were prepared 20 30 40 50 60 70
by the columbite methott The phase structure devel- 26(deq)

opment was investigated by XRD analysis. The tempera-
ture dependence of the dielectric properties was measuredFig 1. XRD pattern of (:X)PNT—xPT powders calcined at 90C (L)
From these preliminary results, the relationship between Pe"OVskite: W) pyrochiore; &) PbO; @) unknown phase).

phase structure and dielectric properties is presented and ) )
discussed. X increases the perovskite phase becomes the dominant one

and the amount of pyrochlore and other extra phases grad-
ually decreases, as expected. The variation of the amount
of the perovskite phase formed at 9@ with PT content
is shown inFig. 2 When x> 0.30, the perovskite phase
(1-X)PNT—xPT (x=0-0.80) powders were prepared by content is more than 97%. F_txrz 0.60, a pure perovskite
the columbite method. The starting raw materials were Phase was obtained. Comparing the perovskite phase forma-
reagent grade PbO (Merck, purity >99.0%), NiO (Merck, 10N in Pb(Ni/sTa/3)Os and Pb(Ni/sNb2i3)O3(PNN) sys-
purity >99.0%), TaOs (Merck, purity >99.8%) and Ti@ temsz single perovskl_te PNnghase was.pr_ep.ared by the
(Merck, purity >99.0%). NiO and T#s oxides were firstly reaction Of, NiNb@ with P,bo’ however, it is |mpos§|-
mixed in teflon pots with alcoholin 1:1 mol ratio. The mixture  P!€ 0 obtain pure perovskite phase through the reaction of
was dried and calcined at 1200 for 2 h to form NiTaOg. NiTaOg an_d PbO. From the results pre_sented in this work,
PbO, NiTaOs, and TiQ were then mixed according to the formatlt_)n of the pyr_ochlore phase in PNT can be com-
the formula (-X)PNT—xPT (x=0-0.80), for 4h and cal- pletely avoided by addl_ng GQ mol% of PT. The tolerance
cined at 900C for 3h in a covered alumina crucible. The factor and electronegativity difference of PNT are around

phase formation process was followed by XRD analysis. 0-99 and 1.8, respectivéﬁ. The higher tolerance factor
The relative amount of the perovskite phase was determined(1-02) and electronegativity difference (1.9) of PT corre-
from the relative intensities of the major XRD peaks of per- lated with the perovskite phase formation and stabilization

ovskite (110) and pyrochlore (2 2 2) (according to the rela- in PNT, as verified for other lead-based sy.ste.ms. Like in
tion: perov(1 10f(Iperov(a 105+ pyro(222)- PZN and PZTa systems, these results also indicate that Nb

(1-x)PNT—xPT powders were uniaxially and then iso- tends to stabilize the perovskite phase more effectively than

statically pressed at 200 MPa. The pellets were sintered be-Ta-
tween 1100 and 115CC for 3 h in air. For the evaluation of

the dielectric properties, gold electrodes were sputtered on
both sides of the sample. Dielectric measurements were per-

2. Experimental procedure

From Fig. 1, the change of some diffraction peaks with
the PT content can be observed. For compositions with

formed with a HP4284A LCR meter, from room temperature L N S s S e
to 300°C, at a heating rate of Z/min and in a frequency 1001 —
range from 1 to 1000 kHz. __ 8o} /
2
@ 60}
3. Results and discussion _":’ 40l
e
D
Fig. 1 depicts the XRD patterns of calcined powders of < 20}
(1—X)PNT—xPT system. Fox=0.00 composition, the main ol /

00 01 02 03 04 05 06 07 08 09
x (PT content)

phase is a pyrochlore type, of unidentified composition, con-
firming the results reported by LifgPbO and an unknown
phase are also visible. The perovskite phase is almost not
found. Whenx=0.10, the perovskite phase is clearly ob- Fig.2. The amount of the perovskite phase ir (LPNT—xPT powders as
served, but the main phases are still pyrochlore and PbO. Asa function of PT content.
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Fig. 5. Tm vs. composition in (:X)PNT—xPT.
Fig. 3. XRD pattern of (:X)PNT—xPT powders aroundiz= 45°.

transition and a small frequency dispersion of the dielec-
x=0.60-0.80, a visible splitting of the diffraction peak {ric maxima are presented fer=0.50 ceramics, indicating
around 2 = 45’ is detected though for the compositions with & relaxor-type behaviour. Differently,=0.60 ceramics ex-
x=0.30-0.50, no splitting is observed, demonstrating that Nibits sharp dielectric constant peaks with almost no depen-
the structure is changing to a tetragonal symmetry, as the PTdence on the frequency of measurement, implying a classical
content increases. A detailed analysis of the phase transitionferroe_lectrlc_behawour. Itis also_fou_nd that_the losses increase
for compositions withx=0.60-0.70 is presented Fig. 3 and dielectric constant rises with increasing temperature in
The unsplitted (200) line indicates that the cubic structure the range of high temperature for these two ceramics. For
remains forx=0.60. For compositions witk=0.62-0.70, X~ 0.50. composition, & second dielectric peak is clearly ob-
(200) peaks undergo a gradual splitting, which correspondsse.rved in 'th=T dielectric constant curve at the lowest frequency
to a phase transition to a tetragonal structure. (Fig. 6). Similar results were observed in Pb{NNb2/3)Os-

The variation of the dielectric constant with temperature PPTIOs (PNN-PT) ceramics and attributed to the partial

for ceramics withx=0.50-0.70 ceramics is shownHig. 4.
With increasingx (PT content), the transition temperature

shifts to higher temperatures and the dielectric peak becomes 7000 —— — 10
sharper, indicating the increasing behaviour as a first-order 6000 - ]‘{,Eﬁz 19
ferroelectric. A maximum dielectric constant of about 28,000 0oz x=0.50 18
is observed fox=0.60 ceramics. The relationship between e 4 _ ;
the transition temperaturd{, corresponding to the max- 4000 ¢ :5 -
imum dielectric constant) and composition represented in * aooa b ' 1.2
Fig. 5is almost linear. 2000 ' 1a
The frequency dependence of the dielectric properties for e ]2
x=0.50 and 0.60 ceramics is showrHig. 6. A diffuse phase 1000 - — 1
0 — — I I 1 1 - O
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Fig. 4. Variation of dielectric constant with temperature for PNT—xPT Fig. 6. Temperature dependence of dielectric properties fox<&)50; (b)

ceramicsf{=10kHz). x=0.60 ceramics.
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oxidation of N£*. Under these conditions, polar defect pairs References

created and may be related to such dielectric anofiaiy-

nealing treatments in different atmospheres will be conducted -
in order to contribute to the clarification of the nature of such

dielectric dispersion.

4. Conclusions

The perovskite phase stabilization of PNT induced by PT

was studied. Fox=0.00 composition, the main phase is py-
rochlore. Whenx> 0.30, the perovskite phase content in-

creases, becoming dominant as PT contentincreases (>97%).¢.
Forx> 0.60, a pure perovskite phase was obtained. The crys-
talline structure changed gradually to a tetragonal symmetry 7

with increasing PT content in the range»of 0.60-0.70. A

diffuse phase transition and a dependence on the frequencyg
of the temperature of the dielectric maxima was observed for

x=0.50 ceramics. Wher>0.60, the samples show sharp

dielectric peaks characteristic of a classical ferroelectric be- 9
haviour. A maximum dielectric constant of about 28,000 was

detected ink=0.60 ceramics.
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