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Abstract Pb(Sc1/2Ta1/2)O3 (PST) ceramics were investigat-
ed greatly in the world for their unique pyroelectric,
ferroelectric and dielectric properties and comprehensive
applications on uncooled focal plane arrays, infrared
detectors and other electronic devices. However, the PST
ceramics doped with other perovskite ferroelectrics showed
more excellent electrical and electronic properties. In this
paper, (1−x)PST-xPZT(PSTZT) ferroelectric ceramics were
prepared by conventional solid state process. The experi-
ment results demonstrated that the PSTZT ceramics had
pure perovskite phase. The temperature dependence of
permittivity of PSTZT ceramics was investigated in detail,
which indicated that PSTZT was not a complete diffusive
phase transition ferroelectric ceramics. At room tempera-
ture, the pyroelectric coefficient of PSTZT (x=0.1)
ceramics was about 15*10−8C/(cm2 K).
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1 Introduction

Pb(Ta0.5Sc0.5)O3(PST) is a complex perovskite relaxor
ferroelectric ceramics [1, 2] with high permittivity(about

25000), large electrostrictive effect, and good pyroelectric-
ity, therefore PST ceramics could have comprehensive
applications on uncooled focal plane arrays, infrared
detectors and other electronic devices [3, 4]. However,
PST ceramics were always doped some other ions to
promote their properties for more complex applications.

Usually, Pb(B′,B″)O3 complex ferroelectric ceramics,
such as PST ceramics, were prepared by the precursor
method to avoid formation of pyrochlore phase which
deteriorated the properties of perovskite ceramics. How-
ever, the conventional solid state process (named as one-
step-sintering method, OSSM) in which all starting oxides
are mixed directly to fabricate electronic ceramics is rather
simple and suitable to industry production [4, 5].

In this paper, (1−x)PST-xPb(Zr0.52Ti0.48)O3(PSTPZT)
relaxor ferroelectric ceramics were prepared by OSSM.
The crystalline, dielectric and pyroelectric properties of
PSTZT ceramics were measured and discussed.

2 Experimental procedure

Ceramics with the normal composition (1−x)Pb(Sc0.5Ta0.5)
O3-xPb(Zr0.52Ti0.48)O3 (x=0.1, 0.2, 0.3, 0.4, 0.5) were
synthesized by using conventional solid state process. The
starting materials used in this study were Sc2O3 and Ta2O5

of 99.99% purity, TiO2 of 99.8% purity, PbO of 99.8%
purity, and ZrO2 of 99.8% purity. The mixture powders
were calcined at 850 °C for 2 h. The calcined powders were
milled, and the poly(vinylalcohol) was added into these
powders as a binder. The granulated powders were
subsequently granulated and pressed into disks of 10 mm
diameter and 1 mm thickness under 16 MPa pressure.
These powder compacts were fired in air at selected
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temperatures, depending on their x values, in the range
between 1200 °C and 1350 °C for 4 h. Pb(Zr0.52TI0.48)O3

pellets were used to compensate the volatilization of PbO
during sintering of PSTZT ceramics. For electrical charac-
terization, the PSTZT ceramics were polished and pasted
silvers as electrodes, and then immersed in silicon oil and
poled in a 4.0 kV/mm electric field. The electric field was
applied under the Curie temperature for about 15∼30 min
depending on their x values. The samples were aged for
24 h before test. The phase structure of samples was
determined by X-ray diffraction (DX-1000); Surfaces were
observed by SEM (HitachiS-450). The value of d33 was
measured with a Burlincourt-style d33 meter (ZJ-3A,
Institute of Acoustic Academia Sinica). The dielectric
properties were measured by using a high temperature
system (GJW-I) and a precision LCR meter (HP4282A,
Agilent). The pyroelectric coefficients of PSTZT ceramics
were measured by using a Keithely 6517 electrometer.

3 Experimental results and discussion

3.1 XRD analysis

The XRD patterns of PSTZT ceramics sintered at 1250 °C
and 1300 °C by OSSM were illustrated in Fig. 1. From
Fig. 1, it was found that the pyrochlore phase existed in the
samples sintered at different temperature. However, when x
is 0.5, no pyrochlore phase was found in samples at all four
sintering temperatures. Because of high activity, PbO firstly
reacts with constituents at B site to form pyrochlore during
sintering of Pb-base relaxor ceramics, and then changes into
perovskite with sintering temperature increasing [6, 7]. So,
when excessive PbO is added into oxides mixture, pyro-
chlore phase formed at lower temperature is enough
unstable to form more stable perovskite phase at higher
temperature. The perovskite content of PSTZT ceramics can
be calculated roughly as follows [8]:

Perovskite content %ð Þ ¼ Iper maxP

n
In max

� 100%

In the equation, Iper max is the intensity of the strongest
XRD peak line of perovskite phase, and In max is the
intensity of the strongest XRD peak line of No. n phase. It
was found that the perovskite content of PSTZT ceramics
was rather high, from 92 to 100%. It was also found that the
content of perovskite phase in PSTZT ceramics was
affected in some degree by sintering temperature. The
content of perovskite phase of PSTZT ceramics increased

basically in most of samples with increasing the sintering
temperature.

3.2 Dielectric properties

The temperature dependences of permittivity and dielectric
loss of PSTZT ceramics were measured at several frequen-
cies from 25 to 250 °C. Figure 2(a)–(c) show these
experiment results of PSTZT ceramics sintered at 1200
and 1300 °C, with x=0.2, 0.4 and 0.5, respectively. It could
be found from Fig. 2 that the frequency diffusion of PSTZT
ceramics was rather weak. The difference, ΔTm, between
peak permittivity temperature at high frequency and one at
low frequency, and the temperature difference, ΔT(1 KHz),
between the temperatures at half of peak permittivity, can
represent frequency diffusion (FD) and diffusive phase
transition (DPT), respectively. Table 1 showed the FD and
DPT values of PSTZT ceramics.

The temperature dependences of ɛr and tanδ of PSTZT
ceramics demonstrated that PZT dopant had a main
important effect on Tm: Tm increased with the increasing
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Fig. 1 The crystalline properties of PZTZTceramics prepared by OSSM
(a) patterns and (b) perovskite content
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of PZT dopant; permittivity decreased with the increasing
of PZT dopant. For ceramics prepared by using conven-
tional solid state process, the composition of ceramics could
not be well distributed at the atoms’ level and a little
amount of impurity is unavoidable. The ion radius of Ta5+,
Sc3+, Ti4+, Zr4+ is 0.064, 0.075, 0.061, 0.072 nm, respec-
tively, so for close size of ions, a stable uniform phase
could be achieved more easily. When PZT was doped into
PST, the amount of impurity was decreased, and the space
charge from inhomogeneous phase composition was re-
duced, and its attribution to polarization got smaller, which
resulted in permittivity decreased with increased dopant of

PZT. Because the Curie temperature of Pb(Zr0.52Ti0.48)O3 is
about 380 °C, the Curie temperature of PSTZT ceramics is
enhanced, and the more PZT is doped into PST, the higher
the Curie temperature of PSTZT is.

3.3 Pyroelectric properties

Figure 3 showed the temperature dependences of pyroelec-
tric properties of PSTZT ceramics. From Fig. 3(a), it was
found that when sintering temperature increased, the
pyroelectric coefficient of PSTZT(x=0.3) ceramics in-
creased except for sintered at 1350 °C. It might be due to
the formation of glass phase in PSTZT ceramics sintered at
high temperature as to 1350 °C. The temperature depen-
dences of pyroelectric coefficients of PSTZT ceramics
sintered at 1300 °C with different PZT dopant were shown
in Fig. 3(b) and (c). Obviously, the pyroelectric coefficient
of PSTZT ceramics decreased when increasing PZT dopant
because the pyroelectric property of PZT was much weaker
than that of PST ceramics. It was found that the pyroelectric
coefficient of PSTZT(x=0.1) ceramics at room temperature

Table 1 FD and DPT values of PSTZT ceramics sintered at different
temperature for 2 h.

Samples x=0.2,1200 °C x=0.4,1300 °C x=0.5,1200 °C

ΔTm/ °C 2 1 2
ΔT/ °C 72 73.5 53.5
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Fig. 2 The temperature dependences of permittivity and loss of PSTZT ceramics (a) sintered at 1200 °C, x=0.2, (b) sintered at 1200 °C, x=0.5,
and (c) sintered at 1300 °C, x=0.4
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was much higher, which could be as to 15*10−8C/(cm2 K).
That meant PSTZT ceramics had a promising application in
the infrared detector field.

4 Summary

With oxides as starting materials, (1−x)PST-xPZT ceramics
were prepared by conventional solid state process. The
PSTZT ceramics without pyrochlore could be acquired
when sintered for 4 h at 1350 °C and at 1200 °C when x=
0.5 for 4 h. According to the temperature dependence of ɛr
and tanδ of PSTZT ceramics, it was found that PSTZT
ceramics was a ferroelectric ceramics with a limited DPT:
Tm increased, and ɛrm increased firstly, then decreased with
frequency increasing. Tm was affected greatly by the
amount of PZT doped and increased with PZT dopant
increasing. The amount of PZT dopant had an important
main effect on the pyroelectric coefficient of PSTZT

ceramics: the pyroelectric coefficient of PSTZT ceramics
decreased with PZT dopant increasing.
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Fig. 3 The temperature dependences of pyroelectric coefficients of PSTZT ceramics (a) x=0.3, sintered at different temperature; (b) x=0.2∼0.5;
and (c) x=0.1 sintered at 1300 °C

624 J Electroceram (2008) 21:621–624


	Dielectric and pyroelectric properties of (1 − x)PST-xPZT ferroelectric ceramics
	Abstract
	Introduction
	Experimental procedure
	Experimental results and discussion
	XRD analysis
	Dielectric properties
	Pyroelectric properties

	Summary
	References




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /SyntheticBoldness 1.000000
  /Description <<
    /ENU <>
    /DEU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [5952.756 8418.897]
>> setpagedevice


