
J O U R N A L O F M A T E R I A L S S C I E N C E 4 0 (2 0 0 5 ) 515 – 517 L E T T E R S

Preparation and dielectric properties of Sr5LnSn3Nb7O30

(Ln = Nd, La) ceramics

H. ZHANG, L. FANG∗
State Key Laboratory of Advanced Technology for Materials Synthesis and Processing, Wuhan University
of Technology, Wuhan 430070, People’s Republic of China; Institute of Inorganic Chemistry, RWTH Aachen
University, Aachen 52056, Germany
E-mail: fangliang001@263.net

T. H. HUANG, R. Z. YUAN
State Key Laboratory of Advanced Technology for Materials Synthesis and Processing, Wuhan University
of Technology, Wuhan 430070, People’s Republic of China

R. DRONSKOWSKI
Institute of Inorganic Chemistry, RWTH Aachen University, Aachen 52056, Germany

Electronic materials with high dielectric constants,
high Q-values and good stability of temperature co-
efficient of resonant frequency and low dielectric loss
have been extensively studied because of their appli-
cations in discrete and multilayer (MLC) capacitors,
microwave telecommunication applications, and low
loss substrates for microwave integrated circuits [1–4].
The high dielectric constant materials are also very im-
portant in advanced microelectronic technologies such
as dynamic random access memories (DRAM) [5]. So
far, many dielectric materials have been studied such
as BaO-TiO2, BaO-Nd2O3-TiO2. However, these ma-
terials (ε < 100) are not sufficient for miniaturization
of microelectronic devices. Hence, the development of
new materials with dielectric constant in excess of 100
has become very important. Sebastian et al. proposed
some promising compounds with tungsten bronze (TB)
structure under the formula Ba3(RE)3Ti5Nb5O30 (RE
= La, Y, Sm, Nd) for their high dielectric constants
of above 130 [6, 7]. Chen and Fang et al. also re-
ported the presence of dielectric materials with filled
TB structure with high dielectric constant and low di-
electric loss in the BaO-Ln2O3-TiO2-Ta2O5 and BaO-
Ln2O3-ZnO-Ta2O5 system (Ln = La, Sm, Nd) [8–
12]. However, very little data are available on the di-
electric properties of materials with the TB structure
in the SrO-Ln2O3-SnO2-Nb2O5/Ta2O5 system. This
paper presents the preparation, characterization, and
dielectric properties of two ceramics in this system,
namely Sr5NdSn3Nb7O30 and Sr5LaSn3Nb7O30 ce-
ramics, for the first time.

High purity powders of SrCO3 (>99.9%), Ln2O3(Ln
= Nd or La) (>99.9%), SnO2 (>99.95%), and Nb2O5
(>99.9%) were weighed to Sr5LnSn3Nb7O30 (Ln = Nd
or La) stoichiometry, respectively. The compounds with
Ln as Nd and La will be referred to as SNSN and SLSN,
respectively, in the remaining part of the text. The pow-
ders were ground in agate mortar to obtain homoge-
neous mixture and calcined at 1360 ◦C for 48 hrs. The
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calcined powders were reground into very fine powders
and pressed into disks of 11 mm diameter and about
2–4 mm thickness using a cold isostatic pressing with a
pressure of 200 MPa. The pellets were sintered in air at
1410 ◦C for 4 hrs and cooled naturally to room temper-
ature. The densities of the compacts were measured by
the Archimedes method. Phase identification and mi-
crostructure characterization were performed using a
Rigaku D/MAX-RB Powder X-ray diffraction (XRD)
using Cu Kα radiation (λ = 0.154 06 nm) and a JSM-
5610LV SEM. Silver paste was applied to the circular
faces, then dried at 600 ◦C for 20 min and cooled natu-
rally to room temperature.

The temperature-dependent dielectric measurements
were made using an HP4284A LCR meter equipped
with a thermostat from room temperature (30 ◦C) to
400 ◦C at 1, 10, 100 kHz and 1 MHz. The temperature
coefficients of the dielectric constants (τε) were calcu-
lated using the data in the temperature range of 30 to
400 ◦C at 1 MHz. The capacitance and the loss fac-
tor were determined at room temperature in the range
1 kHz to 1 MHz.

The SNSN and SLSN compositions sintered into
dense ceramics without the use of any additive, and
they exhibit bulk densities of 5.393 gcm−3 (94.7%) and
5.384 gcm−3 (95.3%) respectively. The XRD patterns
obtained using Cu Kα radiation are shown in Fig. 1a
and b. These compositions were found to exhibit a sin-
gle phase tetragonal TB structure in agreement with
JCPDS file No. 34-409 of Sr3TiNb4O15.The unit cell pa-
rameters of those ceramics refined by the least squares
method are as follows: a = 12.4674(4) Å; c = 3.9013(2)
Å for SLSN; and a =12.4521(3)Å; c = 3.8906(1) Å for
SNSN. The replacement of La with relatively smaller
cation Nd leads to the smaller unit cell parameters of
SNSN being smaller than that of SLSN.

Figs 2 and 3 show the SEM photographs of the frac-
ture surfaces of the SLSN and SNSN ceramics. These
ceramics have good sinterability with a low porosity.
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Figure 1 XRD patterns of (a) SNSN and (b) SLSN.

Figure 2 SEM micrographs of SLSN ceramic.

Figure 3 SEM micrographs of SNSN ceramic.

The microstructure indicates a monophase constitution
with packed grains in the size range of 2–7 µm for
SLSN and SNSN.

The temperature dependencies of the dielectric con-
stants at 10, 100 kHz, and 1 MHz frequencies for
both compounds are shown in Fig. 4. As the tempera-
ture increases from 30 to 400 ◦C, the relative dielectric
constants ε of the SNSN and SLSN ceramics gradu-
ally decrease, and no dielectric peak for the ferroelec-
tric/ paraelectric phase transition is observed such that
the Curie point is below room temperature; obviously,
SNSN and SLSN belong to the paraelectric phase of
the TTB structure. The temperature coefficients of the

Figure 4 Temperature dependence of dielectric constants of (a) SLSN
and (b) SNSN ceramics.

Figure 5 Frequency dependence of dielectric constant and dielectric loss
of (a) SNSN and (b) SLSN ceramics.

dielectric constants (τε) at 1 MHz are –487 ppm ◦C−1

for SNSN and −497 ppm ◦C−1 for SLSN, which is
much smaller compared with those of the TB com-
pounds in the BaO-Ln2O3-TiO3-Nb2O5/Ta2O5 system
such as Ba5NdTi3Ta7O30 (−2500 ppm◦C−1 at 10 kHz)
[9].

Fig. 5 demonstrates the room temperature dielectric
characteristics of the SNSN and SLSN ceramics. The
dielectric constants and the dielectric losses of SNSN
and SLSN ceramics vary gradually with the frequency.
The dielectric constant of the SNSN ceramic decreases
from 152 to 144 upon increase of frequency from 1 kHz
to 1 MHz due to the reduction of active polarization
mechanism. The dielectric loss sharply lowers from
0.015 to 0.0014 with increasing frequency from 1 to

516



100 kHz, then slightly increases to 0.0021 at 1 MHz.
Similarly, the dielectric constant of the SLSN ceramic
decreases from 171 to 163 with increase of frequency,
while the dielectric loss sharply lowers from 0.0026 to
0.0048 upon increase of frequency from 1 to 200 kHz,
then slightly increases to 0.0054 at 1 MHz.

Two Sr5LnSn3Nb7O30 (Ln = Nd, La) ceramics
in the SrO-Ln2O3-SnO2-Nb2O5 quaternary system
were prepared and characterized. Both are paraelectric
phases and adopt filled tetragonal TB structures at room
temperature. At 1 MHz the two ceramics exhibit high
dielectric constants of 144 and 163 together with low
dielectric losses of 0.0021 and 0.0054, respectively.
Further, the temperature coefficients of the dielectric
constants (τε) are significantly reduced compared
to those of the TB compounds in the BaO-Ln2O3-
TiO3-Ta2O5 system. These materials have potential
application in temperature-compensating capacitors.
Considering the microwave application, the key issue
of the two ceramics was to lower the dielectric loss
further and to obtain near zero temperature coefficient
of the dielectric constant.
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