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3 2.1 waslasmunwanuewdnies 13Biannsnues PZST [7]
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(Scanning electron microscope, SEM) [29]
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2.4 PITWIUMANTHUNINIBIBUN a0 Uz ve i (Solid state reaction) [31]
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a Q’ ' o A b4 a o J ° 4
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Q’ o ' e Q‘ S ; z 4 o ol 4 L]
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@ d' a A é » ' S
Imia (Tetragonal) uazldow luiilufaiin (Cubic) Fawn MPB oglusasvsarasenTudasen
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-

Temperature / °C

PT/ molo . 35. 536 0 495
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31 227 wlalaozunsuuaasmsnldouauaziasesde e au MPB vosas

PNN-PT-PZ [37]

Aol A.A. 2001 Alberta [38] T@vimsAnmauiaf lstiannsouns ladidnnsnues
%5700 Pb(Ni,,Nb,,), Zr TiO, W30 PNNZT mﬁa‘lﬂs'auaﬁm‘%’unﬁoﬁiﬂ"ﬁifugﬂ%'au (Hot
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- A ~ ¥ -
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ag a da o Y aas o 4
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400
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é‘zooj (Pe) /& (Ferroelectric)
TR N
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g 0l ° § (Relaxor)
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Will@u il Hayashi [41] v‘hmsﬁﬂmwaviamnmi‘fugﬂnﬂmﬁums LiBiO, aslums
[57iin PNN-PZT SuwionTauds lalasmediia Sanait Ifumuimsiituas LiBiO, i
dawarenstugliasy  udilimniAvearleds sadnnindty  wennnfidamudnm
dulszansmaiiidana ) Avuda

Tuilaeu Kawakami nagasie [42] TAAnuINMswsosuNaumuIues PNN-PZT @16350a
INZYDINTDDIUFIIUN (The aerosol deposition method, ADM) 1a1iINISWUKIFIIN PNN-PZT
firumsrnunalnifigungd 850 °a , 900 °¥ WAz 950°% asUNIRLMUANIAY dRadIgI
231 ymfwhmsueuiia (Anneal figamaii 600 °x weldiRailundnsauvos PNN-PZT
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31. ndeaganssMiBIANASBUVUADINGIA (Scanning electron microscope) HaA 1ABLTIN LEO
U LEO 1455 VP
32. 17393 LCR meter WA 1AUU3 1N Tecpel 31 LCR 200

33. w3pataauiiams 1sianm3nnan Tavy31in Radiant 31 RT66B high voltage 4 kV
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Perovskite Phase Formation, Phase Transformations
and Electrical Properties of Lead Nickel
Niobate—Lead Zirconate Ceramics

NARATTP VITTAYAKORN,!"* SUPAMAS WIRUNCHIT,
SAKDA TRISAK,! RANGSAN MUANGHLUA,?
AND SUSASAK NIEMCHAROEM?

"Materials Science Research Unit, Department of Chemistry, Faculty of Science,
King Mongkut’s Institute of Technology Ladkrabang, Bangkok 10520, Thailand
2Electronics Research Center, Faculty of Engineering, King Mongkut’s Institute
of Technology Ladkrabang, Bangkok 10520, Thailand

The perovskite structure of lead zirconate—lead nickel niobate ceramics, (1-x )PbZrO;—
XPb(Niy3Nby3)0; (PZ — PNN ) with x = 0.0-0.5, were synthesized via the coflumbite

" precursor method. The formation of the perovskite phase in the calcined powders has
been investigated as a function of calcination conditions by TG-DTA and XRD tech-
niques. The complete solid solutions of perovskite phase of PZ-PNN ceramics were
obtained over a wide compositional range. The results showed that the concentration
of the PNN phase increased the calcination temperature must be increased in order to
obtain phase-pure perovskite. In addition, x-ray diffraction indicated a phase tr:ansfor-
mation from a orthorhombic to a pseudo-cubic phase when the fraction of PI‘VN was
increased. A higher relative permittivity value, as a consequence of the higher PNN
concentration, was observed,

Keywords = Perovskite; columbite precursor; lead zirconate; lead nickel niobate

Introduction

Lead Zirconate, PbZrO; (PZ), is one end member of the industrially interesting| solid-
solution series PbZrO;—PbTiO; [1] and the first antiferroelectric identified by Sawjaguchi
et al. [2]. At room temperature PZ has an antiferroelectric phase (AFE) which has an or-
thorhombic structure [2]. Lead nickel niobate [Pb(Ni, ;3Nb, /3)03, PNN] was one of t"he first
known relaxor ferroelectrics reported by Smolenskii and Agranovskaya [3]. Ferroelectric
relaxor PNN exhibits a broad maximum in the dielectric constant, and a diffuse phaée tran-
sition. Its Curie temperature is about —110°C and the maximum dielectric constant is about
3500 at 1 kHz [4]. Using this compound as one end member, the ternary solid solutions
of PNN-PZ-PT [5] have been developed and utilized for sensors and actuators because of
their excellent piezoelectric behavior.

As one part of a series of the investigations on the solid solutions with PZ, this study

deals with the binary compound of PNN-PZ because of there has been no detailed report

Received September 3, 2006; accepted November 18, 2006.
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on dielectric and piezoelectric properties of this entire system. In the present work, the
columbite precursor method was used to synthesize the (1-x)PbZrO3— xPb(Nj, ,3Nb2}3)03
(PZ - PNN ) with x = 0-0.5. The phase formation and morphology of the powder calcined
at various conditions are studied and discussed. Dielectric properties of PZ-PNN ceramics
obtained from the columbite precursor method are presented and analyzed.

Experimental

Ceramics of (1-x)PbZrOs— xPb(Ni,3Nb;/3)O03(PZ ~ PNN ) with x = 0-0.5 were synthe-
sized nsing the columbite precursor method. The NiNb,Og precursor, PbO (Fluka, >99%
purity) and ZrO, (99%) were mixed and milled in ethyl alcohol for 18 h using a ball-
milling. After drying at 120°C for 2 h, the reaction of the uncalcined powders taking place
during heat treatment was investigated by themogravimetric and differential thermal a'naly-
sis (TG-DTA, Shimadzu), using a heating rate of 10°C/min in air from room temperature up
to 1400°C. Based on the TG-DTA results, the mixture was calcined at various temperatures
ranging from 650 to 900°C, dwell times 4 h and heating/cooling rates ranging 20°C|/min,
in closed alumina crucible, in order to investigate the perovskite phase formation. Each
composition was sintered at 1100-1200°C in Pb atmosphere for 4 h in a closed alumina
crucible. X-ray diffraction (XRD; Philips PW 1729 diffractometer) using CuK, radlauon
was used to determine the phases formed and optimum firing temperatures for the formation
of desired phase. Lattice parameters of the perovskite phases were determined by Cohen’s
method in conjunction with the least squares method. Dielectric constant and loss measure-
ments were made using an automated measurement system. This system consisted|of an
LCR meter (HP-4284, Hewlett-Packard Inc.). The capacitance and loss were measured at
frequencies between 100 Hz and 1 MHz.

Results and Discussion

The result of TG-DTA simultaneous analysis of a powder mixed in the stoichiometric propor-
tions of 0.5PZ-0.5PNN is shown in Fig. 1. In the temperature range 200-400°C, the sample
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Figure 1. TG-DTA analysis of 0.SPZ-0.5PNN prepared by columbite method.
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shows several large exothemic peaks in the DTA curve. These DTA peaks can be attri\r)uted
to the decomposition of the organic species from the milling process [6]. The diff|erent
temperature, intensities, and shapes of the thermal peaks probably are related to the dif-
ferent natures of the organic species and consequently, caused by the removal of sp:ecies
differently bounded in the network. In the temperature range 650-900°C, both cxoth?nnic
and endothermic peaks are observed in the DTA curve. The enlarge zone of this DTA curve
shown that the enothermic peak at ~775°C should be correlated to the phase transition of
perovskite structure, because no weight loss could be found in TG curve and that is allso in
accordance to literature data. The last endothermic peak centered at ~ 840°C may be cz;lused
by the decomposition of lead oxide. As a result, crystallization of PZ-PNN powders ltakes
place at 775°C, and perovskite structure is established above 780°C. Further increase in
temperature or heating time will promote crystallization of perovskite phase powders. 'l["hese
data were used to define the range of temperatures (650 to 950°C) for XRD investigation.
To study the phase development with increasing calcination temperature, all compositions
were calcined at varions temperatures for 4 h in air with constant heating/cooling rates of
20°C/min, followed by phase analysis using XRD technique. Fig. 2(a) shows XRD pat-
tern of the 0.5PZ-0.5PNN powders calcined at different temperatures for 4 h prepared by
columbite methods. The precursor phases PbO, NiNb,Ogand a small amount of crystalline
pyrochlore phase were detected by XRD at 650°C. The sample heated to 750°C contained
the perovskite phase, pyrochlore phase and a small amount of PbO. The heat treatment Pf the
precursors at 775°C for 2 h results in the formation of single-perovskite phase. The studies
also reflect the growth of crystallinity in the powders with the increasing heat-treatment
temperatures.

The results of the X-ray diffraction measurement support the DTA observation (Fig. 1)
that the perovskite phase is formed at approximately 775°C. The XRD patterns of (1-x)PZ~
xPNN powder with various x values are shown in Fig. 2(b). It can be seen that a complete
crystalline solution of perovskite structure is formed throughout the whole composition

ranges without the presence of pyrochlore or unwanted phases. From the patterns, PZ po‘wder

is identified as a single-phase material with a perovskite structure having orthorhombic

symmetry which could be matched with ICDD file no. 75-1607. The XRD patter’ns of
the PZ-PNN compositions show a combination between PZ and PNN patterns, showing a
perovskite structure having the symmetry varying between orthorhombic and pseudo-cubic
types. For better comparison, the ICDD file no. 34-0103 for PNN with a cubic structural

symmetry is also displayed in Fig. 2(b).

Table 1
Structure and dielectric properties of (1 — x)PZ-xPNN
ceramics
Relative
Lattice permittivity Tan §
Composition constant (A) (1kHz) (1kHz)
x =01 4.149 + 0.0060 320 0.08
x=02 4.134 £ 0.0032 580 0.01
x=03 4.126 £ 0.0025 960 0.05
x=04 4.111 £ 0.0040 1400 0.08

x=05 4.099 + 0.0027 2700 0.05
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Figure 4. SEM examination of the serface morphology in (1 — x)PZ- xPNN ceramics (a) x = 0.1
and (b) x = 0.5.

At the composition x = 0.1t00.5, an increase in the mole fraction of PNN did not show
any evidence of a change in symmetry. However, the lattice constant decreased as the amount
of PNN increased due to the smaller ionic radii of b-site cation. The lattice parameters of the
perovskite phase calculated from the XRD data for (1 — x)PZ-xPNN samples is summarized
inTable 1. InFig. 3(a) the relative permittivity and dielectric loss are plotted versus frequency
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for different compositions. All curves show the same trend, the permittivity & decreases| with
increasing frequency f in the form of ¢ ~ 1/ log f. Furthermore, an increase in permittivity
with increasing x concentration is observed. For dielectric loss results, it can be seen thtiat the
loss tangent increases with increasing the frequency.in all the samples. This may be attributed
to the collective relaxation of increased dipoles and change in their relaxation time due to
increased substitution of (Ni, ;3Nbas3 ). Fi gure 3(b) represents the relative permm‘lvny
versus the PNN concentration. The relative permittivity was increased with increased mol
percent of PNN as also illustrated in Table I. The effect of increasing the dielectric constant
with increasing PNN content is interpreted to be due to the drive toward the orthorho!mbic
to pseudo-cubic phase transition at room temperature, or in other words associated with the
possibility of the decrease of the transition temperature to near room temperature. QOther
authors have reported a similar behavior [7, 8]. Figure 4 shows scanning electron mlcroscopy
(SEM) images of the surfaces of the composition x = 0.3 and 0.5 respectively. No plate-hke
grains were observed in both samples, indicating an absence of pyrochlore formation. There

is not change in the grain size, nor is there any evidence of abnormal grain growth.

Conclusions

The columbite methods is explored in the preparation of single phase (1-x)PbZrOs—
xPb(Ni; ;3Nb,/3)03 powders. According to the results of DTA/TG and XRD analysis, |crys—
tallization of PZ-PNN powders took place at below 650°C and pure perovskite-type c'ould
be obtained above 775°C. The complete solid solutions of perovskite phase of PZ-PNN
ceramics were obtained over a wide compositional range. The results showed that the con-

centration of the PNN phase increased the calcination temperature must be increased in (I)rder
to obtain phase-pure perovskite. The permittivity & decreases with increasing frequency f
in the form of & ~ 1/log f. Furthermore, an increase in permittivity with i increasing PNN

concentration is observed.
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