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B-site disordering in Pb  (Sc4,Tay») O3 by mechanical activation
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B-site disorder in Pb(S&Tay,)0; (PST) is traditionally tailored by thermal annealing after
sintering at elevated temperatures. In this letter, we report B-site disordering in PST triggered by
mechanical activatiofMA), and the resulting ferroelectric behaviors thus derived. MA induces
B-site order—disorder transformation in PST, and more interestingly, the structural disorder can well
be retained in sintered PST, leading to a change in ferroelectric transition befaggrfrom a
normal ferroelectric to relaxprand a shift in Curie temperature. A designed degree of disorder in
PST can therefore be obtained by the effective combination of presinter MA and subsequent
sintering, giving rise to the specific ferroelectric properties that are required for certain applications.
© 2003 American Institute of Physic§DOI: 10.1063/1.1581384

In complex A(B B") O3 perovskite structures, B-site cat- Diffractometer, Phillipg and Raman spectroscopic studies
ion order—disorder transformation can occur, leading to @Spex™ T64000, Jobin-Yvort? Dielectric properties were
dramatic change in the ferroelectric behaviors of relaxorcharacterized using a precision LCR metidP 4284A.
ferroelectrics: By controlling the degree of B-site disorder, Figure Xa) shows the XRD traces of PST derived via the
ferroelectric properties of Pb(§gTay5) O; (PST) can be tai-  Wolframite route and then subjected to various hours of MA.
lored to meet specifically designed applicatidrisvestiga-  The cubic structure of PST is clearly indicated by the diffrac-
tions into the order—disorder transformation in relaxors havéion peak at 2 of 21.7° of the(002) plane, while the peak at
led to understanding on the physical origins responsible foR¢ of 18.8° of (111) superlattice indicates the degree of
the observed ferroelectric behaviéré.To realize a designed B-site order. With increasing MA time, the superlattice peak
degree of structural disorder in relaxors, previous studiebecame weakened and had almost completely disappeared
have been focused on partial substitutions for either B-site odpon MA for 6 h. At the same time, there was an apparent
A-site cations by certain doparit$® Alternatively, it was
achieved by an appropriate postsinter thermal anne&tihg. 002
several previous studies, Pb¢pta;;») O; was selected for M
studying B-site disorder and electric properties that were ; s ohr F
brought about by thermal annealing of quenched ceramic
bodies from high sintering temperature:!*~13 However,
thermal annealing at elevated temperatures can lead to for-
mation of other structural defects, such as Pb vacancies as a
result of loss of PbA-"13In a completely different ap-
proach, we report in this letter the order—disorder transfor- s 2ohs N
mation in Pb(Sg,Tea,) O5 triggered by mechanical activa- 20 22
tion, where the structural disorders can be retained in
sintered PST.

Intensity (arb. unit)

PST of ordered perovskite structure was synthesized via e o ()
the Wolframite routé? using PbO(>99%, J.T. Baker Ing, N ,2“( ) A,
S6,05 (99.6%, J.T. Baker Incand TaOs (>99%, Aldrich :E: ohr
as the starting materials. They were then subjected to me- : Y\_ : 12:3
chanical activationMA) for various time periods in high- 5 1\ -
energy shake mil(SPEX 8000, which were designed to E \\/"\:kmg—h%ﬁww
generate varying degrees of B-site disorder. Upon comple- ‘@ .
tion of MA, each PST composition was pressed into pellets 5‘:-’-
and then sintered at 1200 °Crfé h in anenclosed crucible - L zonrs
with powder bedding to minimize the PbO loss. Structural 200 800
evolution and variation in the degree of B-site order were Wavelength (cm™)

monitored by x-ray diffraction(XRD) (CuK,, X'pert™

FIG. 1. () XRD traces andb) Raman spectra for PST subjected to various

hours MA. S:(111) superlattice diffraction originated from B-site cation

dAuthor to whom correspondence should be addressed; electronic maibrder, and F: the fundamental diffraction of perovskite struct®reRaman
maswangj@nus.edu.sg F»4(2) band indicating B-site cation order.
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FIG. 3. LRO in sintered PST as a function of MA time prior to the high-
temperature sintering at 1200 °C.

der, by an appropriate combination of MA and subsequent
sintering at a normal sintering temperature. Figure 3 plots the
degree of long-range ordétRO) in sintered PST, as calcu-

| - lated on the basis of peak intensity ratio (@00 plane to
\M \_ 10nrs that of superlattice(111).1? The B-site order disappears

A \"—*"‘"‘“ . . .

\/\/v /\ 20 hrs quickly at the initial few hours of MA, and a more-or-less
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T completely disordered structure is generated after MA for 6
h.
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Wavelength(cm’) B-site disorder in sintered PST has a dramatic effect on

FIG. 2. (a) XRD traces andb) Raman spectra for PST subjected to various ItS dielectric properties. Figure 4 plots the dielectric constant
hours of MA and subsequently sintered at 1200 °C for 4 h113) super-  as a function of temperature for PSTs subjected to various
lattice diffraction patt_ern; and F: the fundamental diffraction p&&kRa- hours of MA prior to sintering at 1200°C. As expected, PST
man F(2) band indicating the B-site cation order. without any presinter MA exhibits a dielectric peak at

20.3°C with little frequency dispersion. This is apparently
broadening of the cubi¢002) and (111) peaks, implying a due to its ordered structure, as confirmed by both XRD and
refinement in both crystalline and ordering domain sizes. Thé&aman studies. One hour of MA prior to sintering led to a
order—disorder transformation triggered by MA was a|soShift in the dielectric peak towards lower temperature, to-
clearly reflected in Raman spectra as shown in Fig).TThe ~ gether with a notable frequency dispersion. With increasing
bands at around 60, 358, and 832 ¢mwhich are assigned MA time, an apparent frequency dispersion is observed, and
to Fpq(1), Fog(2), and A4, respectively, are related to the at the same time there is a sharp rise_ in th_e peak die_lectric
Fm3m Space group in PSJ:F__]J”] particu|ar, 59(2) peak iS constant. The enhanced frequency dISpel’Slon and Wldel’led
originated from the B-site order and can be used to represefiielectric peak brought about by presinter MA demonstrate
the degree of B-site order. As illustrated in Figbll Fpq(2) the relaxor behavior in association with the structural disor-
diminishes quickly in band intensity with increasing MA der in PST. Relaxor to normal ferroelecti®—nFB phase
time and has almost completely disappeared upon 10 h dfansition is indeed observed in PST derived from the inter-
MA, consistent with the XRD resullts. mediate hours of MA.

More interestingly, as shown in Fig(d, the B-site dis- To further explore the variation in phase transition be-
order generated by presinter MA in the fine PST particlediavior brought about by MA in sintered PST, the reversal of
cannot be eliminated by sintering at 1200 °C, which is a typi-
cal sintering schedule for PST, although there is a notable
buildup in the structure order, as indicated (i) superlat- 15000
tice peak. The B-site disorder retained in sintered PST was
also confirmed by Raman spectroscopic studies as shown in
Fig. 2(b), where the relative intensity of,f(2) of PST sin-
tered at 1200 °C fo4 h decreases with increasing presinter
MA duration.

The phenomena observed in PST are very much different
from the order—disorder transformation in
Pb(MgysNb,5) O3—Pb(Mg ,W1,,)O; triggered by MAY
where the structural order can easily be recovered by anneal-
ing at 900°C. In PST sintered at 1200 °C, the degree of
B-site order is strongly affected by the number of MA hours Temperature (°C)
p”of o .Smtermg' Suc_h unexpected retention of B-site dlso!‘_FIG. 4. Dielectric constants as a function of temperature for PST derived
der in sintered ceramic body creates an excellent opportunityom various hours of MA and subsequently sintered at 1200 °C for 4 h, at

for synthesizing PST with a designed degree of B-site disorthree different frequencies.
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@ e otr sintered PST is much beyond the nanometer scales. For ex-
\ . ;:r ample, an average particle size of 1.3, 1.7, 3.0, anduBi5
0 - s

was measured for the PST sintered at 1200 °C that was me-
chanically activated for 2, 6, 10, and 20 h, respectively.
Therefore, on the one hand, the disordering and dielectric
behaviors in association with presinter MA in sintered PST
are not due to particle size effect. On the other hand, MA of
the PST powder significantly enhances its sintering behavior.
R ..o For example, a sintered density of 93.1% theoretical at
40 20 0 20 40 € 80 100 1200°C fa 4 h for the PST subjected to 20 h of MA is
Temperature("C) . . .

compared favorably with 83.5% theoretical for the PST with-
out any presinter mechanical activation.

In summary, mechanical activation triggers B-site
order—disorder transformation in PST of perovskite struc-
ture, where the B-site disorder created by MA cannot be
eliminated by normal sintering at high temperatures, and it is
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‘E_ 1l //e —=—0hr thus retained in sintered ceramics. The degree of disorder in

= :“:;::S sintered PST can therefore be tailored by a combination of

5 el CETIE ——6 hrs presinter mechanical activation and subsequent sintering. By
1;8::2 controlling the presinter MA duration, transition from a nor-

-18E

mal ferroelectric to a typical relaxor ferroelectric in PST is
demonstrated in this letter. Accordingly, varying dielectric
behavior and phase transition are realized in PST via a com-

FIG. 5. (@) Reversal of dielectric constant as a function of temperature andpletely different approach from the traditional quenching and
(b) In(L/e— 1/ey) vs In(T—T,y plot for PSTs derived from various hours of than postsinter annealing.
MA and then sintered at 1200 °C.
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dielectric constant is plotted in Fig.(®& as a function of
temperature. The more-or-less linear relationship at abov
Curie temperature for PST without any presinter MA sug-
gests that it is a normal ferroelectric material. An apparent,
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