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Abstract

The structure evolution, sintering behavior and microwave dielectric properties of Lao_y3Na,(Mgi2W12)O0;3 (x=0-0.5) were investigated in
this paper. The X-ray diffraction (XRD) results show that all samples exhibit single phase, and the structure changed from orthorhombic when
0 <x<0.3 to monoclinic phase when 0.3 <x <0.5. The size and ordering degree of A/B-site domains decrease with the increase in x value. The
sintering temperature of the Na-doped samples increased compared to the pure Lay;(Mg12W12)O03 (LMW) due to the estimated decrease in the
concentration of A-site vacancies. The addition of Na* ion does not affect the dielectric permittivity greatly. The Q x f value decreases with the
increase in x value, although the estimated concentration of A-site vacancies decreases with increasing x, which may be ascribed to the decrease
of A/B-site ordering and domain size with the increase in x. The temperature coefficient of resonant frequency changed from negative values into

positive values with the increase in x value.
© 2005 Elsevier Ltd. All rights reserved.
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1. Introduction

Complex perovskites with general formula A”(B%EB%%)
O3 have received widespread interest in the wireless microwave
communications community. Previous researches have demon-
strated that the microwave dielectric properties of these ceram-
ics are closely related to the degree of cation ordering on the
B-site position, given that all other factors are equal.'> Com-
pared to the numerous examples of B-site ordered system,
A-site ordered perovskites are relatively rare. Most examples
are found in non-stoichiometric, oxygen-deficient perovskites
such as LaysTiO3_,.3 Park et al. reported on the synthesis and
structure of several new stoichiometric A-site systems.*> A-
site order—disorder reaction can play a critical role in affecting
the properties of perovskites. Several studies have focused on
the ionically conducting perovskites (REp;3_,Li3,)TiO3 (RE:
rare earth).%” Recently, another complex perovskite both with
A- and B-site cation ordering, Lay;3(Mg12W12)03 (LMW),
was reported to have good microwave dielectric properties
(6:r=23.6, O x f=32,500, and 7y=—43 ppm~C).} Its high O
value was considered to be mainly related to the A-site vacancies
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ordering.® On the other hand, the existence of high concentra-
tion of vacancies is a detrimental factor for further increase in
its Q value. The distribution (order—disorder) and concentra-
tion of vacancies, which may be interrelated, are expected to
have considerable effect on the microwave dielectric properties
of Lay;3(Mg12W1/2)03. Therefore, the effect of the coupled A-
site substitution of Na—La on the cation order and microwave
dielectric properties of the tungsten complex perovskite system,
Lap_y3Na,(Mgi2Wi2)03 (0<x=<0.5), was investigated in
this paper.

2. Experiment

Lap_y3Na,(Mgi2Wi2)03 (0<x<0.5) ceramic samples
were prepared by conventional solid-state reaction pro-
cess from the starting materials including MgO (99.5%),
WO3 (99.96%), NayCOs3 (99.9%) and LaO3 (99.99%).
The Lap_3Na, (Mg12W1/2)03 (0<x <0.5) compounds were
weighed and mixed with ZrO, balls in ethanol for 24 h, dried
and calcined at the temperature of 1200 °C for 2 h in an alumina
crucible. The calcined powders were grounded, dried and mixed
with 7 mass% PVA. The mixtures were pressed into pellets. The
compacts were sintered between 1400 and 1500 °C for 2 h. In
order to prevent the sodium evaporation loss, the compacts were
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covered with powder of the same composition in an MgO cru-
cible.

The phase constitutes of the sintered samples were identi-
fied by X-ray powder diffraction (XRD) with Ni-filtered Cu
Ka radiation (Model Dmax-RC, Japan). Bulk density of the
sintered specimens was identified by the Archimedes’ method.
The Raman experiments were carried out for the sintered sam-
ples (Model Jobin Y’von U1000). A laser line of 532 nm and
500 mW average power was used. The spectra were recorded
from 0 to 1000cm~!. Microwave dielectric properties of the
sintered samples were measured between 7 and 8 GHz using net-
work analyzer (Hewlett-Packard, Model HP8720C, USA). The
quality factor was measured by the transmission cavity method.
The relative dielectric constant (¢;) was measured according to
the Hakki—Coleman method using the TE( resonant mode,
and the temperature coefficient of the resonator frequency (tr)
was measured using invar cavity in the temperature range from
—20to 80°C.

3. Results and discussion

Fig. 1 shows the XRD patterns of synthesized Na-doped
LMW. The examination of the patterns shows that they are all
in single phase of perovskite type. In pure LMW (x=0) the A-
site cations exhibit the usual (00 1) ordered structure with one
layer of vacancies alternating with a second that contains an
apparently random distribution of 1/3 La and 2/3 vacancies.’
Orthorhombic structure (S.G.: 1222) with doubled ¢ value is
adopted due to the ordering of A-site vacancies.” For compar-
ison, the XRD pattern of pure LMW (x=0) is also presented
here. It shows that the intensity and width of the superstruc-
ture reflection peak produced by A-site ordering (marked with
asterisk) become decreased with the increase in Na* addition. It
seems to indicate the decrease of A-site cation ordering degree.
It is also confirmed by the diminish of weak addition reflections
marked by filled diamond, which are caused by the anti-parallel
displacement of B-site cations along c-axis produced by the
ordering of A-site vacancies along the c-direction in addition to
the B-site 1:1 ordering (marked with solid circles).” The XRD
patterns of the samples with x=0.5 are in good agreement with
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Fig. 1. XRD patterns of synthesized Lap—y),3Na,(Mg12W1,2)03.
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Fig. 2. XRD patterns of sintered Lap_y)3Na,(Mgi12W12)03.

the pattern in JCPDS card (37-0243) which adopted monoclinic
structure (S.G. P2;). However, with the decrease in x value
the reflection peaks shift to lower degree when 0.3 <x <0.5
and shift to higher degree when 0 <x<0.3, which seems to
indicate the abrupt structure change began at x =0.3. The struc-
ture changed from orthorhombic when 0 < x < 0.3 to monoclinic
phase when 0.3 < x < 0.5, which may be related to the tilt of oxy-
gen octahedron. It is noted that the experimental peak intensity
associated with the B-site ordering (marked with solid circle)
also becomes decreased as the doping of Na* ion, which implies
that the microstructure is comprised of small domains of various
orientational and anti-phase variants of the 1:1 ordered struc-
ture, although the ionic charge difference between Mg?* and
WO+ is large. The samples (x=0.1 and 0.2) sintered 1400 °C/2h
and the samples (x=0.3, 0.4 and 0.5) sintered at 1450°C/2h
exhibit the same phase as their calcined powders, respectively
(Fig. 2). For the sample, x = 0.5 unknown second phase(s), which
is marked by open triangles, appeared after it was sintered at
1500 °C/2 h, which may be caused by the evaporation of Na at
high temperatures. Compared to the pure LMW, the sintering
temperature of Na-doped samples increased greatly due to the
estimated decrease of A-site vacancies concentration, because
the diffusion coefficients of A-site cations might be decreased
by the decrease in A-site vacancies concentrations.

Raman spectroscopy was considered to be an ideal tool for
probing the degree of cation ordering. Narrow and intense peaks
are usually observed for well-ordered structures, and generally
sharpness and intensity of the Raman lines may be taken as a
measure of the degree of ordering. Four mode bands are active
in Raman scattering for cubic phase of complex perovskite:
Ay +Eg +2F,. The existence of ordered regions with particular
symmetry allows additional Raman scattering.!” Fig. 3 shows
the Raman scattering spectrum of Na-doped LMW. It shows four
main band modes, which correspond to A1, E; and 2F, (F1¢ and
Fag), respectively. Ag and the Fog mode bands near 425 cm™!
were considered to be very sensitive to the long range ordering
of B-site cations, and were only present due to B-site and not A-
site ordering.!! In terms of the line width of A; ¢ and Fag shown
in Fig. 3, it seems that the B-site domain size decreases with the
increase in Na addition when x < 0.4 and slightly increases again
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Table 1

Microwave dielectric properties of sintered La—)3Na,(Mgi2W1/2)O3 ceramics sintered at different temperatures

Composition S.T. (°C) Bulk density (g/cm3) &y 0 x f(GHz) ¢ (ppm/°C)

x=0 1250 6.65 23.6 32500 —43

x=0.1 1400 6.30 22.6 19738 -339
1450 6.28 21.9 12591

x=0.2 1400 6.23 22.6 16667 —26.6
1400 6.20 22.08 9550

x=0.3 1450 6.22 22.88 11509 453
1500 6.18 20.69 7749
1400 6.10 20.9 4428

x=04 1450 6.14 22.06 5456 46.7
1500 6.03 21.1 3734
1400 5.92 20.35 4500

x=0.5 1450 6.01 20.76 5693 47
1500 5.98 18.6 5400

when x=0.5, which is in agreement with the XRD results. The
low frequency Fi; mode, which was predominantly caused by
the motion of A-site ions against the oxygen octahedron should
increase with the increase in lighter Na* ion. This is consistent
with the experimental results. It is noted that the lower frequency
band near by F1, mode marked with arrow on the Raman scatter-
ing of pure LMW (x =0), which is due to the long range ordering
of A-site cations, diminishes when x > 0.1. It may be related to
the decrease of long range ordering of A-site cation and ordered
domain size with the increase in Na addition, which is in agree-
ment with the XRD analysis. The Eg mode bands centered at
about 300 cm™! corresponding to the internal vibration of oxy-
gen octahedron is observed to split when x > 0.3, which is due
to lowering of the symmetry in some region. This is in agree-
ment with the XRD analysis that the structure is changed from
orthorhombic to monoclinic phase at x=0.3. Further structure
analysis should be taken by TEM.
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Fig. 3. Raman spectrum of sintered La;>_3Na,(Mg12W1/2)O3 ceramics.

Table 1 illustrates the microwave dielectric properties of Na-
doped samples. For comparison the microwave dielectric proper-
ties of pure LMW are also presented.® It shows that the addition
of Na* does not affect the dielectric permittivity greatly except
for the sample with x=0.5 sintered at 1500 °C/2h. The slight
change of dielectric permittivity with x value is mainly caused
by the variation of bulk density. The relatively lower dielectric
permittivity for sample with x=0.5 sintered at 1500°C/2h is
mainly caused by the appearance of second phase (Fig. 2) and
low bulk density (93.1% TD). The Q x f values of Na-doped
samples are affected greatly by the sintering temperature. The
maximum Q X f value of each doped sample corresponding to
the sample with highest bulk density decreases with the x value.
This is mainly related to the decrease of A/B-site cations order-
ing degree and domain size, although the concentration of A-site
vacancies decreases with the x value. For the sample withx=0.5,
its O x f'value increases slightly although the A/B-site ordering
degree increases compared to the sample with x =0.4. This may
be related to its low bulk density. The temperature coefficient of
resonant frequency ty is negative when 0 <x < 0.3 and changed
into positive value when 0.3 <x<0.5, which may have been
originated from changes in structure that might accompany the
ordering state reactions. This interpretation is in agreement with
the references.'?

4. Conclusions

The structure and microwave dielectric properties of the
Na-doped Lap—y3Na,(Mg12W1/2)03 (x=0-0.5) system have
been invested. The structure changed from orthorhombic when
0 <x<0.3 to monoclinic phase when 0.3 <x <0.5. The doping
of Na does not cause great alteration in the dielectric constant.
The Q x f value of the Na-doped sample is sensitive to pro-
cessing conditions, and decreases with the increase in x value,
although the concentration of A-site vacancies decreases with
increasing x, which may be ascribed to the decrease of A/B-site
ordering degree with the increase in x. The temperature coeffi-
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cient of resonant frequency changed from negative values into
positive values with the increase in x value.
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