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Influence of sintering temperature on microwave dielectric property
and crystal structure of corundum-structured Mg4NbSbO9 ceramic
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Abstract

The relationships between the influence of the sintering temperature on the microwave dielectric properties and crystal structure of Mg4NbSbO9

(MNS) ceramics with corundum structure were investigated in this study. From the XRPD patterns, it was found that the MgO compound was
identified as a secondary phase in the XRPD patterns of MNS ceramic when the samples were sintered at the sintering temperatures higher than
1500 ◦C because of the vaporization of Sb in MNS ceramic. The dielectric constants of MNS ceramic increased from 10 to 13 in the temperature
range of 1375–1500 ◦C, whereas those of MNS ceramic decreased at the sintering temperatures above 1550 ◦C. The quality factors (Q·f) of MNS
ceramic also decreased from 275,000 to 5000 GHz at the sintering temperatures above 1550 ◦C. Such a decrease in Q·f values may be related
to the vaporization of Sb and the formation of a secondary phase. The temperature coefficient of resonant frequency was ranged from −56 to
−46 ppm/◦C.
© 2008 Elsevier B.V. All rights reserved.
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1. Introduction

A variety of microwave dielectric ceramics are used for the
dielectric applications including the filters and resonators in the
wireless communication system. In the microwave dielectric
applications, there are three main requirements. Firstly, in order
to miniaturize the size of microwave dielectric resonator, a high
dielectric constant (εr) is desirable because the size of resonator
is known to be proportional to 1/

√
εr, though a low dielectric con-

stant is suitable for the application at high frequency. Secondary,
the temperature coefficient of resonant frequency (τf) which
ideally has near zero value is necessary because the resonant
frequency must be stable at the various operating temperatures.
Thirdly, the low dielectric loss (tan δ = 1/Q), i.e., high Q value, is
required for the commercial applications; the Ba(Mg1/3Ta2/3)O3
(BMT) ceramic, which has a 1:2 ordering of B site cation in
perovskite-type structure, is known to be one of the high-Q
materials [1]. Therefore, most of recent works have been focused
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on the perovskite-structured microwave dielectric ceramics with
the B site ordering such as BMT [2] and Ba(Zn1/3Ta2/3)O3 [3]
ceramics.

Recently, in the corundum-structured ceramic, i.e.,
Mg4Nb2O9 (MN) compound, it has been reported that the
microwave dielectric properties of MN and their solid solu-
tions are comparable to those of Al2O3. The Q·f values of
Mg4(Nb2−xTax)O9 (x = 0–2) and Mg4(Nb2−xSbx)O9 (x = 0–1)
solid solutions are extremely improved depending on the
composition x [4,5]. Although the effect of Sb substitution for
Nb on microwave dielectric properties and crystal structure are
investigated in the Mg4(Nb2−xSbx)O9 (x = 0–1) solid solutions
as described above, the relationships among the sintering time,
the microwave dielectric properties and the crystal structure of
MNS ceramic has not been clarified to date. Thus, the crystal
structural refinement of MNS ceramic sintered at the various
temperatures was performed by using the Rietveld method
[6] and the stability of crystal structure and site occupancy
of Sb site in MNS ceramic were determined to evaluate
relationship between the possibility of Sb vaporization which
depends on the sintering temperature and microwave dielectric
properties.
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2. Experimental method

The samples with nominal composition of Mg4NbSbO9 (MNS) were
prepared via a conventional solid-state reaction method. The initial powder reac-
tants, MgO (99.99%), Nb2O5 (99.9%) and Sb2O5 (99.9%), were weighed in
stoichiometric proportions and mixed with acetone. These powders were cal-
cined at a temperature of 1100 ◦C for 10 h in air. After calcining, the obtained
powders were ground, mixed with polyvinyl alcohol and uniaxially pressed at
100 MPa into the pellets with 12 mm in diameter and 7 mm thickness. These
pellets were sintered at the various temperatures ranging from 1375 to 1600 ◦C
for 10 h in air in order to investigate the sintering dependence of microwave
dielectric properties. Subsequently, the sintered pellets were polished, and then
the dielectric constant (εr) and quality factor (Q·f) were measured in the fre-
quency range of 11–12 GHz by Hakki and Coleman method [7,8], using the
vector network analyzer (Agilent 8720ES). The temperature coefficient of res-
onant frequency (τf) was determined from the resonant frequencies at 20 and
80 ◦C. The polycrystalline phase of the sintered samples was identified by using
the X-ray powder diffraction (XRPD, Rigaku RINT-2200) with Cu K� radiation
at room temperature. In order to clarify the effect of sintering temperature on the
possibility of Sb vaporization, the crystal structural refinements were performed
in terms of the Rietveld analysis [6,9]; therefore, the site occupancy of Sb site
of each sample sintered at the various temperature was determined in this study.
The initial structural model for MNS ceramic was taken from the work obtained
by Kumada et al. [10] who characterized the crystal structure of Mg4Nb2O9

compound, using the neutron powder diffraction at the room temperature. The
morphological changes in the sintered samples were also investigated by using
field emission electron microscopy (FE-SEM, JEOL JFM-6330F).

3. Results and discussion

Fig. 1 shows the XRPD patterns of MNS ceramic sintered at
the temperatures of 1375–1600 ◦C for 10 h in air. In the sinter-
ing temperature range of 1375–1500 ◦C, a single phase of MNS
ceramic was obtained. When the samples were sintered at the
temperatures above 1550 ◦C, the presence of secondary phase,
i.e., MgO compound, was observed in the XRPD patterns of the

Fig. 1. XRPD patterns of MNS ceramic sintered at various temperatures for 10 h
in air.

ceramics; this result may be attributed to the Sb vaporization.
As for the formation of the secondary phase which consists of
the Nb2O5–MgO system, it is known that the Nb2O5–MgO sys-
tem produces the liquid phase at the temperature above 1550 ◦C
after formation of MN compound in the temperature range of
1200–1500 ◦C [11]. Moreover, the deviation of Nb2O5 and MgO
concentrations from the stoichiometric composition of MN com-
pound was also characterized by the evaluation of sintering
temperature dependence of the MN compound [12], and such
a deviation has an detrimental effect of the microwave dielec-
tric properties of the MN compound. Based on these results, it
is considered that the XRPD patterns of MNS ceramic did not
show the presence of secondary phase which containing MgO
and Nb2O5 in this study. The weight fraction of compounds,
which are identified in XRPD patterns, is known to be esti-
mated by using Rietveld analysis and the relationship between
weight fraction and refined structural parameters is given by the
following equation [13]:

Wp = Sp(ZMV )p∑
iSi(ZMV )i

(1)

where S is refined scale factor of phase p and i is number of
phase detected in XRPD patterns. Moreover, Z, M and V are
formula number, mass of formula and unit cell volume, respec-
tively. The variations in the weight fractions of MNS ceramic
and MgO compounds are shown in Fig. 2. The significant vari-
ations in the weight fraction are observed at the temperatures
above 1550 ◦C which correspond to the formation of secondary
phase as mentioned above; therefore, such a variation in weight
fraction may be related to the Sb vaporization of MNS ceramic.
In order to confirm the possibility of Sb vaporization in MNS
ceramic, the crystal structural parameters of MNS ceramic sin-
tered at the various temperatures were refined by the Rietveld
analysis [7] and the refined site occupancy of Sb site are shown
in Fig. 3 as a function of sintering temperature. The site occu-
pancy of Sb is refined to be 1.0 in the sintering temperatures of
1375–1500 ◦C; therefore, from these results, no Sb vocalization
is observed in MNS ceramic sintered at such a sintering tempera-

Fig. 2. Variations in weight fractions of MNS ceramic and MgO compounds as
a function of sintering temperature.
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