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Abstract

Effect of heating rate on properties of Pb{k8lb,,,)Os (PFN) perovskite ceramics produced by a simplified wolframite route are investi-
gated. Without calcining, the mixture of FeNp@&nd PbO was pressed and heated to @5directly at various rates. PFN ceramics of 100%
perovskite phase were obtained at 5, 10, 15, arfcC2@in heating rates. Density increases as heating rate increased from S0 and
reaches a maximum of 8.29 g/émt 10°C/min. As the heating rate increased from 5 td ©0min, K., increases and reaches a maximum
of approximately 21,000 at Z@/min.
© 2003 Elsevier Ltd and Techna Group S.r.I. All rights reserved.
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1. Introduction directly into stoichiometric PFN ceramics after 2 and 4h
sintering at 1120-1211C [5].

Pb(Fa,2Nb1,2)O3 (PFN) has been reported difficult to Lejeune and Boilot[1] showed that the percentage
produce as single-phase ceramics due to the appearance aif Pb(Mgy,3Nbz/3)03 (PMN) phase decreased from
stable pyrochlore phases on calcination. In the study of Leje- 79 to 49% as the heating rate increased from 5 to
une and Boilof1], pure PFN powder is obtained after fir- 170°C/min. Liou and Wu[6] reported an increasing heat-
ing of a mixture of 4Pb0O, F©3, and NBOs at 850°C for ing rate to result in high perovskite content and dense
16 h. Shrout et al2] prepared PFN powders by first mixing  0.9Pb(Mg,3Nby,3)03-0.1PbTiQ (0.9PMN-0.1PT) ce-
and reacting FgO3 and NpO5 at 1000°C for 4 h to form ramics. The maximum dielectric constant was optimized
FeNbQ, (wolframite precursor). The obtained material was with a heating rate of 10C/min.
subsequently reactively sintered together with PbO at tem-  In this investigation, the effect of heating rate on the prop-
peratures ranging from 750 to 800 for 4 h. Chiu et al. re-  erties of Pb(Fg2Nby,2)O3 perovskite ceramics produced
ported that single-phase stoichiometric PFN powders were by the simplified wolframite route are studied.
formed by molten salt synthesis using mixtures of NaCl and
KCl salts at 800C for 1.5h[3]. Liou et al.[4] proposed a
simplified wolframite route to produce pyrochlore-free PEN 2. Experimental procedure
ceramics. The mixture of FeNkGind PbO was pressed to
pellets and sintered to PFN ceramics. The second calcina- Pb(Fea,2Nbi,2)O3 (PFN) ceramics were prepared from
tion and pulverization stages in Shrout and Swartz’s wol- reagent-grade oxides: PbO (>99%).6g (>97%), NizOs
framite route were omitted. In their other study, a simple (99.9%). First, FgO3 and NOs with 10mol% excess
and effective reaction-sintering process was used to produce-€20z were ball-milled in distilled water with alumina me-
pyrochlore-free PFN ceramics. Without calcination, a mix- dia for 24 h. The slurry was dried and calcined at 1000

ture of PbO, NbOs and Fe(N@)3 was pressed and sintered  for 3 h with a heating rate 1@/min to form the wolframite
precursor, FeNb@ The calcined powder was pulverized,

and the appropriate amounts of PbO with 3mol% excess
* Fax: +886-6-2050523. were then added. After ball-milling and drying, the mix-
E-mail address: ycliou@mail.ksut.edu.tw (Y.-C. Liou). ture of FeNbQ and PbO was pressed to pellets (12 mm in
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diameter and 2 mm thick). The pellets were heated at vari- (110)
able rates of 5, 10, 15, and 2G/min to 1050 C before sin-
tering in air for 4 h. The density of sintered PFN pellets was
measured by the water immersion method. Microstructures §
were analyzed by scanning electron microscopy (SEM). S
Sintered PFN ceramics were analyzed by X-ray diffraction

(XRD) to check the relative amounts of perovskite and py- @)

rochlore phases. The ratio of the major X-ray peak intensity 200)

of the perovskite Iperoy) and the pyrochlore phaseky(o) (100) amn (210)

is used to determine the volume percent of the perovskite

phase as follows:

Perovskitg%) = 100<ﬂ> 20 30 40 50 60
Iperov+ Ipyro 20 (degree)

After polishing, the dimensions were measured before silver _ _ _ o

electrodes were deposited onto the peIIets. Dielectric prop- Fig. 1. XRD profile of the as-fired PFN ceramic after 10804 h sintering
. . . at 10°C/min.

erties were measured with an HP4194A impedance analyzer

in a temperature-controlled chamber from 60 to 160
(110)

3. Results and discussion
5°C/min

The variation of density with the heating rate for PFN
ceramics produced by the simplified wolframite route were
listed in Table 1 The density increases as the heating
rate is increased from 5 to T@/min and reaches a max-
imum of 8.29g/crA at 10°C/min. It decreases at heating 15°C/min \
rates of 15 and 20C/min. This behavior is different from
0.9PMN-0.1PT ceramics proposed by the columbite route
[6]. In 0.9PMN-0.1PT ceramics, the density increases with
increased heating rate due to the decreased evaporation of
PbO. In the simplified wolframite route, pellets of a mixture
of FeNbQ, and PbO powders were sintered directly without
any calcining. At rates of 5 and 2C/min, the mixture was
calcined completely during the heating-up period, and den-
sification was also completed in that process. In contrary,
at rates of 15 and 2@/min, the mixture was not calcined 20 (degree)
completely during the heating-up period. This resulted in rig 2 xRrD profiles of the as-fired PFN ceramics after 1050th
calcination at early sintering period. Therefore, densifica- sintering at 5, 15, and 2@/min.
tion was not completed after sintering at 1080for 4 h.
Compared with PFN produced by the molten salt synthesis phase at 2 = 29.2° is not found in the profile. For other
reported by Chiu et a[3], the density of PFN sintered with  heating rates, 100% perovskite phase were also obtained in
our simplified wolframite route reaches 97% of the theoret- PFN ceramics as illustrated Fig. 2
ical density, whereas in their study, it was found to be about  SEM photographs of the as-fired PFN ceramics after sin-
90% of the theoretical density. The XRD profile of PFN tering at various heating rates are illustratedrig. 3. No
ceramic sintered with a heating rate IYmin is shown in pyrochlore phase is found. Obviously, the grain size does
Fig. 1L The major peak (222) of BbbsO13 pyrochlore not seem to be influenced by the heating rate. This may be

Count

20°C/min

25 30 35

Table 1
The density, average grain sizes, maximum dielectric consisix), and tars under 10 kHz of PFN ceramics sintered at 106%4 h at various heating
rates

Heating rate {C/min)

5 10 15 20
Density (g/cni) 8.13 8.29 8.22 8.16
Grain size m) 2.3 3.3 2.7 2.6
Kmax 18100 (102C) 21000 (100C) 14500 (102C) 13300 (102C)

tané 0.21 0.24 0.19 0.15
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from 5 to 10°C/min and reaches a maximum of approx-
imately 21,000 at 10C/min. It decreases at heating rates
of 15°C/min and 20C/min. The amount of the perovskite
phase and the grain size did not change much for various
heating rates. This is resulted from density of PFN pellet
listed in Table 1 As the heating rate increases from 5 to
20°C/min, tans varies between 0.15 and 0.24.

4. Conclusion

PFN ceramics produced by the simplified wolframite
route and sintered at a temperature 1050or 4 h are all
pyrochlore-free for heating rates of 5-20/min. The den-
sity reaches a maximum of 8.29 g/8rat 10°C/min. The
grain size did not change much for various heating rates,
grains of 2.3-3.3um are obtained at heating rates from 5
to 20°C/min. Kmax under 10 kHz of PFN ceramics reaches
a maximum of approximately 21,000 at 40/min.
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