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In earlier work [1], the 2 mol% Ba(Mg1/3Nb2/3)O3

doped BaTiO3 specimens sintered at 1300 ◦C ex-
hibited the highest dielectric constant, εr, value of
about 43000. The obtained results are in good agree-
ment with those of Weill et al. [2, 3] who employed
the chemical method. The present work thus aims
at lowering the sintering temperature of 0.98BaTiO3-
0.02Ba(Mg1/3Nb2/3)O3 (abbreviated as (BT)(BMN))
ceramic in order to reduce the fabrication cost particu-
larly in the manufacture of MLC capacitors.

The liquid phase sintering technique had been used
by many researchers [4–8] to decrease the sintering
temperature down to about 1000 ◦C. Additives of rel-
atively low melting temperatures such as Bi2O3, PbO
and Li2CO3 were used to promote the densification.
Unfortunately, a lower sintering temperature is often
accompanied by a significant decrease in εr of the ce-
ramics. It is expected, however, that the reactions be-
tween the base compounds and appropriate flux con-
tents will possibly yield high εr ceramics.

Consequently, effects of various flux contents
on the microstructural and dielectric properties of
(BT)(BMN) ceramic were investigated. The chosen
fluxing agents were Bi2O3, Li2CO3 and PbO whose
melting temperatures are 825, 618 and 880 ◦C,
respectively.

The raw materials used were 99% pured and the
calcined powder (BT)(BMN) was obtained by a con-
ventional oxide-mixing process, the details of which
had already been described in [1]. Mixtures of powder
Bi2O3/Li2CO3 and PbO were then blended with the
calcined powder (BT)(BMN) according to the sample
compositions shown in Table I.

The powder samples were ball milled once more
in ethyl alcohol for 24 h, dried and pressed to form
disc-type pellets under 60 MPa pressure. The obtained
green compact samples were then sintered at various
temperatures for 2 h in air. They were heated by con-
trolling the furnace temperature at the rate of 5◦C/min.
The linear shrinkage and densities, determined by the
Archimedes method, of the sintered samples were
recorded and their microstructures were investigated
via X-ray diffractometry (XRD) and scanning electron
microscopy (SEM). Silver paste was applied on both
polished faces of the disc samples for electrical mea-
surements. Evolution of the dielectric constant against
temperature was measured at various ambient tempera-
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T AB L E 1 Sample compositions in wt%

Sample composition

Code (BT)(BMN) Bi2O3/Li2CO3 PbO

(BT)(BMN) 100 – –
A 98.25 1.32 0.43
B 96.50 2.63 0.87
C 92.99 5.26 1.75

n.b.: Sample compositions are of the form (100-x-y)0.98BaTiO3-
0.02Ba(Mg1/3Nb2/3)O3- xBi2O3/Li2CO3-yPbO.

Figure 1 Density (a) and linear shrinkage (b) of fired samples containing
different amounts of fluxing agents against sintering temperature.

tures ranging from room temperature to around 200 ◦C,
using an LCZ meter (Hewlett Packard 4276A) operated
at 1 kHz.

Fig. 1 shows the effect of the sintering temperature
on the densities and linear shrinkages of the samples
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Figure 2 XRD patterns of specimens sintered at 950 ◦C. (∗ identified as Bi4 Ti3 O12).

Figure 3 Microstructures of Bi2O3/Li2CO3 and PbO added (BT)(BMN) ceramics sintered at 950 ◦C for 2 h.



Figure 4 Dielectric constant at 1 kHz as a function of temperature for
Bi2O3/Li2CO3 and PbO - added (BT)(BMN) and pure (BT)(BMN).

containing various flux concentrations. It can be seen
that the density and shrinkage reach saturation at the
temperature as low as 850 ◦C, i.e., the additives used
can significantly reduce the sintering temperature of
the ceramic down to around 900 ◦C. The XRD pat-
terns of specimens containing various flux concen-
trations are shown in Fig. 2. These patterns reveal
that the sample containing small amounts of fluxes
(Sample A) has the tetragonal perovskite structure. This
can be attributed to the diffusion of some amounts of
fluxes into the (BT)(BMN) lattices and as a result the
ceramic can not retain the coexistence of tetragonal and
cubic phases at room temperature. It is also evident that
the tetragonal-cubic transformation occurred in Sample
B at room temperature while Sample C contained mul-
tiphases, with the cubic structure as a major phase and
Bi4Ti3O12 as a second phase. This is quite agreeable
with Maher [6] who detected the same second phase of
bismuth in BaTiO3 system. Fig. 3 reveals the observa-
tion of chemically etched, polished ceramic surfaces of
Sample A, B and C by scanning electron microscopy.
The size distribution in each sample is reasonably ho-
mogeneous and the average grain sizes of Sample A,
B and C are 5.64, 2.85 and 0.92 µm, respectively. The
inhibition of grain growth caused by the added fluxes
was also observed in all samples. This same result was
realised by Li and Cheng [7, 9]. Comparison of the
temperature dependent dielectric characteristics of the
ceramic samples with various flux concentrations and
pure (BT)(BMN) is depicted in Fig. 4. The dielectric
temperature peak of Sample B is seen much higher than
that of Sample A due to the smaller average grain size
of Sample B, according to Moulson [10], and the coex-
istence of tetragonal and cubic phases in this sample.
It should also be noted that this Sample B possesses
a relatively high (exceeding 16500) and invaried εr

over the temperature range of 100 to 225 ◦C. This is
suitable for MLC capacitors whose applications are in
high temperature environment. For samples with large
amounts of fluxes (demonstrated by Sample C), the di-

electric temperature peak is suppressed and broadened
appreciably due to the presence of the second phase,
evidently confirmed by the X-ray diffractogram.

Inconclusion, the sintering temperature of
(BT)(BMN) ceramics could be lowered from around
1300 to 900 ◦C via liquid phase sintering by adding
Bi2O3/Li2CO3 and PbO. The XRD data confirmed the
ferroelectric phase of the so prepared ceramics using
lower amount of additives (1.32wt%Bi2O3/Li2CO3-
0.43wt%PbO). The transformation from ferroelectric
to paraelectric phase occurred when flux concentration
was double the amount used to cause the ceramic
ferroelectric state. The XRD data confirmed the
presence of the second phase, Bi4Ti3O12, in cases
where flux concentrations were too high (Sample C).
Apart from acting as the liquid phase formers, the
additives apparently had influence on the mirostructure
and hence the dielectric constant-temperature charac-
teristic of the ceramic. Inhibition of grain growth was
observed and subsequently the average grain sizes of
all specimens were not larger than 6 µm but the grain
size distribution was quite homogeneous. In general,
the dielectric constant of the ceramic was considerably
decreased except for Sample B (additives used were
2.63 wt% Bi2O3/Li2CO3-0.87wt%PbO) whose εr was
found to be relatively high (>16500) and invaried over
the temperature range around 100 to 225◦C.
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