Materials Letters 72 (2012) 128–130

Contents lists available at SciVerse ScienceDirect

Materials Letters
journal homepage: www.elsevier.com/locate/matlet

Microwave dielectric ceramic with intrinsic low ﬁring temperature: BaLa2(MoO4)4
Li-Xia Pang a,⁎, Huan Liu a, Di Zhou b, Guo-Bin Sun a, Wen-Gang Qin a, Wei-Guo Liu a
a
b

Laboratory of Thin Film Techniques and Optical Test, Xi'an Technological University, Xi'an 710032, China
Electronic Materials Research Laboratory, Key Laboratory of the Ministry of Education, Xi'an Jiaotong University, Xi'an 710049, China

a r t i c l e

i n f o

Article history:
Received 17 November 2011
Accepted 22 December 2011
Available online 29 December 2011
Keywords:
Ceramics
Dielectrics
Low-temperature co-ﬁred ceramic
technology

a b s t r a c t
A low ﬁring microwave dielectric ceramic BaLa2(MoO4)4 with monoclinic structure was prepared via a solid
state reaction method. The BaMoO4 and La2(MoO4)3 phases were ﬁrst formed at 600 °C and then the monoclinic BaLa2(MoO4)4 phase was formed gradually above 700 °C. Dense and homogeneous microstructure can
be obtained in ceramic sample sintered at 800–860 °C for 2 h with grain size lying between 3–7 μm. Optimal
microwave dielectric properties can be obtained in ceramic sintered at 860 °C for 2 h with a permittivity of
~10.3, a Qf value of ~29,800 GHz and a temperature coefﬁcient of resonant frequency of ~−76 ppm/°C at
about 9.9 GHz.
© 2012 Elsevier B.V. All rights reserved.

1. Introduction
With the fast development of miniaturization and integration of
electronic devices, the low temperature co-ﬁred ceramic (LTCC) technology has become an important fabrication method due to its simplicity and high efﬁciency. Commercially available LTCC systems not
only provide the platform and components for fabrication of complex
electronic circuitry within a three-dimensional (3-D) matrix, but
LTCC tapes can also be shaped to form integrated micro system elements such as micro ﬂuidic channels. LTCC requires the microwave
dielectric ceramics with high performance and low sintering temperature (usually lower than 900 °C). The introduction of low melting
point aids to the matrix ceramic by addition or substitution is a common method to lower the sintering temperature besides the use of
nano-size starting materials[1–7]. Recently, considerable attention
has been paid to developing new microwave dielectrics with intrinsic
low ﬁring temperature, such as Bi2O3-rich compounds, Li2O-rich compounds, TeO2-rich compounds, MoO3-rich compounds, etc. [8–11]. In
this work, a MoO3-rich composition BaLa2(MoO4)4 was prepared via
the solid state reaction method. The phase evolution, microstructure
and microwave dielectric properties were studied.

stoichiometric formulation BaLa2(MoO4)4 (La2O3 was pre-ﬁred at
850 °C for 4 h). Powders were mixed and milled for 4 h, and then calcined at 600 and 700 °C for 4 h. After being crushed and re-milled for
5 h, powders were pressed into cylinders (10 mm in diameter and
5 mm in height). Samples were sintered in the temperature range
from 700 to 890 °C for 2 h.
The crystalline structures of samples were investigated using Xray diffraction (XRD) with Cu Kα radiation (Rigaku D/MAX-2400 Xray diffractometer, Tokyo, Japan). Microstructures of sintered ceramic
were observed on the as-ﬁred surface with scanning electron microscopy (SEM) (JSM-6460, JEOL, Tokyo, Japan). Microwave dielectric behaviors were measured with the TE01δ shielded cavity method with a
network analyzer (8720ES, Agilent, Palo Alto, CA) and a temperature
chamber (Delta 9023, Delta Design, Poway, CA). The temperature coefﬁcient of resonant frequency (TCF or τf value) was calculated with
the following formula:
TCF ¼

f 85 −f 25
6
 10 ðppm=CÞ
f 25 ð85−25Þ

ð1Þ

where f85 and f25 were the TE01δ resonant frequencies at 85 and 25 °C,
respectively.

2. Experimental procedure
3. Results and discussion
Proportionate amounts of reagent-grade starting materials of
BaCO3 (>99%, Shu-Du Powders Co. Ltd., Chengdu, China), La2O3
(>99%, Guo-Yao Co, Ltd, Shanghai, China) and MoO3 (>99%, Fuchen
Chemical Reagents, Tianjin, China) were prepared according to the
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Fig. 1 shows the XRD patterns of the BaLa2(MoO4)4 powders calcined at 600 and 700 °C for 4 h, and ceramic samples sintered at
770–890 °C. It can be seen that the scheelite BaMoO4 phase and
La2(MoO4)3 phase were ﬁrst formed at 600 °C. With the increase of
temperature to 700 °C, the BaLa2(MoO4)4 phase started to appear. Till
the sintering temperature up to above 800 °C, the BaMoO4 and
La2(MoO4)3 phases cannot be observed from the XRD patterns. All the
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Microwave dielectric permittivity and Qf value of BaLa2(MoO4)4 ceramic.
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Fig. 1. XRD patterns of the BaLa2(MoO4)4 ceramics calcined and sintered at different
temperatures.

peaks can be indexed as a pure monoclinic BaLa2(MoO4)4, which
agrees well with Egorovo's report [12]. The phase evolutions during
the calcining and sintering processes can be described as the following chemical reactions:


≈600 C

BaCO3 þ MoO3 → BaMoO4 þ CO2 ↑

ð2Þ



≈600 C

La2 O3 þ 3MoO3 → La2 ðMoO4 Þ3


700–800 C

ð3Þ

BaMoO4 þ La2 ðMoO4 Þ3 → BaLa2 ðMoO4 Þ4
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SEM micrographs of BaLa2(MoO4)4 ceramics sintered at 800–890 °C
for 2 h are shown in Fig. 2. Dense and homogeneous microstructures
with almost no pores were revealed in BaLa2(MoO4)4 ceramics sintered at 800–860 °C. The grain size of BaLa2(MoO4)4 ceramics sintered at 800 °C lies between 3 and 7 μm. When sintering
temperature increased to 830 and 860 °C, the grain size increased little, which indicates that there was no secondary grain growth in the
sintering temperature range of 800 ~ 860 °C. When sintering

temperature increased to 890 °C, the pores caused by the melt volatilization appeared. This result indicates that the BaLa2(MoO4)4 ceramic can be well densiﬁed at 800–860 °C.
Microwave dielectric permittivity and Qf value of BaLa2(MoO4)4
ceramic are shown in Table 1. As the sintering temperature increases,
the dielectric permittivity increases ﬁrstly and reaches a saturated
value about 10.4 as there is an elimination of the pores[13,14]. With
the further increase of sintering temperature, the microwave dielectric permittivity decreased slightly and this phenomenon can be observed in many other systems[15]. This phenomenon might be
caused by the volatilization of the low melting point oxides. Although
the BaMoO4 and La2(MoO4)3 phases were reported to possess high Qf
values [16,17], the Qf values of samples sintered at 700–770 °C for 2 h
are very low due to the pores in ceramics and complex phase composition. With the increase of sintering temperature, the BaLa2(MoO4)4
phase dominated and the pores were eliminated from the ceramics
gradually, and the Qf value reached a maximum about 29,800 GHz
(at about 9.9 GHz) at sintering temperature 860 °C, which is due to
a complex inﬂuence of grain size, grain size distribution etc. The Qf
value decreased to 24,600 GHz when sintering temperature increased
to 960 °C because of the melt volatilization when over-sintered.
The microwave dielectric permittivity and Qf value of BaLa2(MoO4)4
ceramic measured in the temperature range from 30 to 115 °C are
shown in Fig. 3. It is seen that as temperature increases from 30 to
115 °C, the microwave dielectric permittivity linearly increases
from 10.21 to 10.35 and the Qf value decreases from 26,800 to
22,500 GHz. The temperature coefﬁcient of microwave dielectric

Fig. 2. SEM photos of BaLa2(MoO4)4 ceramics sintered at 800–890 °C for 2 h.

130

L.-X. Pang et al. / Materials Letters 72 (2012) 128–130

La2(MoO4)3 phases were ﬁrst formed at 600 °C and then the monoclinic BaLa2(MoO4)4 phase was formed gradually above 700 °C.
Dense and homogeneous microstructure can be obtained in ceramic
sample sintered at 800–860 °C for 2 h. Optimal microwave dielectric
properties can be obtained in ceramic sintered at 860 °C for 2 h
with a permittivity of ~10.3, a Qf value of ~29,800 GHz and a temperature coefﬁcient of resonant frequency of ~−76 ppm/°C.
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Fig. 3. Microwave dielectric permittivity and Qf values of BaLa2(MoO4)4 ceramic vs
temperature.
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