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Abstract

In the present work, strontium calcium iron niobate ((Sr;_ Ca,)Feq sNbg sO3; SCFN) (x=0, 0.1, and 0.2) powders were synthesized
for the first time using a molten salt technique. The pure phase perovskite obtained at a relative low calcination temperature of 800 °C
was characterized using the X-ray diffraction technique (XRD). SCFN ceramics were fabricated and their properties were investigated.
The XRD data of the SCFN ceramics was consistent with an orthorhombic symmetry. However, the solubility of Ca in the SCFN
ceramics had an upper limit at x=0.1. All ceramics showed a large dielectric constants. The Ca doping inhibited grain growth, but
produced an improvement in dielectric-temperature stability. Furthermore, the doping reduced loss tangent, especially for the x=0.1
sample. These results suggest that the SCFN ceramics prepared from molten salt synthesis exhibit a good dielectric performances,
compared to many high dielectric materials that have been prepared using the conventional method.

© 2012 Elsevier Ltd and Techna Group S.r.l. All rights reserved.
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1. Introduction

Ceramics with high dielectric constants and giant dielectric
constants with a perovskite structure of AB’B”O3 have been
extensively developed due to their potentials for capacitor
applications [1,2]. The complex structure 4(Fey 5By 5)O3 with
A=Sr, Ca, Pb; B=Nb, Ta, and Sb are all perovskite type
ceramics which exhibit giant dielectric behavior [1,2]. For
example, the ceramic Ba(Fey sNby 5)O3 (BFN) exhibits a high
value for the dielectric constant (g,~10°~10% over a wide
range of temperatures [2,3]. BFN was first synthesized via a
solid-state reaction by Saha and Sinha in 2002 [4,5]. Since
then many authors have focused on the properties of these
BFNs. Works from Yokosuka [6], Tezuka et al. [7], Raevski
et al. [3], Saha and Sinha [4,5] have shown that the
BFN-based ceramics have a relaxor behavior. Furthermore,
Shanming et al. demonstrated that the value of ¢, of the BFN
ceramics depend on processing parameter [§].

Sr(Feq sNbg 5)O3; (SFN) is another interesting dielectric
material due to its high dielectric constant. The dielectric
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properties of the SFN ceramics were first reported by
Raevski et al. [3]. These materials have high dielectric
constants on the order of 10°~10* over a wide frequency
and a broad temperature range [3]. The high dielectric
behavior has been interpreted in terms of the Maxwell-
Wagner mechanism [3]. SFN ceramics also exhibit a
dielectric relaxation behavior, similar to other giant dielec-
tric materials such as Ba(Fey sNbg 5)O5 and Ba(Fey Al )-
Tag 503 [3-7,9]. The magnetic properties of the SFN at low
temperatures (lower than 100 K) were reported by Tezuka
et al. [7] The ferroelectric properties of SFNs could be
improved by forming a solid—solution with PbTiO3 com-
bined with MnO, or Li,CO; doping [10]. However, the
effects of doping on the properties of these SFN ceramics
have not been widely investigated. Furthermore, it should
be noted that most A(FeysB(5)O3; ceramics were synthe-
sized using a solid-state reaction method (the conventional
method). This method often requires a high calcination
temperature which can cause particle coarsening and
aggregation of the powders. Therefore, other routes
including the sol-gel process, hydrothermal synthesis
and molten salt synthesis have been employed produce
fine powders [11-13]. Among these methods, molten salt
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synthesis is a simple and practical technique with low costs
for powder preparation. In the present work, we report the
effects of Ca doping on the properties SFN ceramics. The
SFN powder and Ca doped SFNs were synthesized via the
molten salt synthesize for the first time.

2. Experimental

Strontium calcium iron niobate (Sr;_.Ca,)FeysNby s
03; (x=0.0, 0.1, 0.2) samples were synthesized using the
molten salt technique from high purity raw powders of
SrCO; (98.0%, Aldrich), Fe,O5; (99.0%, Aldrich), Nb,Os
(99.9%, Aldrich), and CaCOj; (98.5%, Riedel-de Haé]n ).
The raw metal oxide powders were weighed based on the
stoichiometric formula of (Sr;_.Ca,)FeysNbgysOs3, then
ball milled in alcohol and zirconia milling media for 24 h.
The mixture was dried at 110 °C for 12 h. An equal molar
ratio of salt mixtures, NaCl (99.5%, Fluka) and KCl
(99.5%, Riedel-de Haen) were mixed by hand-grinding
for 20 min. The mixed precursors and mixed salts were
weighed into a 1:1 ratio. After hand-grinding for 30 min,
the obtained powders were calcined at 800 °C for 3 h with
a heating rate of 100 °C/h and cooling rate of 300 °C/h.
The products were washed with hot deionized water for
several times until no trace of anion was detected by
AgNO; aqueous solution. The obtained powders were then
added with 3% polyvinyl alcohol (PVA) and pressed into
disc compact shapes with a diameter of 1.00 cm. These
green compacts were then sintered at temperatures ranging
from 1300 °C to 1450 °C for 3 h with the same conditions
of that of the calcination rate. The phase formation was
identified using the X-ray diffraction technique (XRD).
The microstructures were then examined using a scanning
electron microscope (SEM). To investigate the electrical
properties, the sintered ceramic pellets were painted with
silver paste on both sides and fried at 600 °C for 15 min.
The electrical characteristics were then evaluated using an
LCR meter.

3. Results and discussion

In the present work, the mixed raw powders were
calcined over a temperature range 600-900 °C. Selected
XRD patterns of the obtained powders are illustrated in
the inset of Fig. 1. The XRD results indicate that the
x=0.0—0.1 samples exhibited a pure perovskites structure
at a calcination temperature of 800 °C. Generally, the pure
phase of SFN can be synthesized at the calcination
temperature of 1200 °C by using the solid-state reaction
method [14,15]. Thus, the presence of pure phase SFN at
800 °C in the present work, suggests that the molten salt
synthesization method can reduce the calcination tempera-
ture by 400 °C.

Fig. 1 also shows the X-ray patterns of the studied
ceramics. These XRD results show that the diffraction
peaks of the ceramics correspond to an orthorhombic
perovskite phase. This result agrees with the work done by
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Fig. 1. XRD patterns of Sr;_.Ca,FeqsNbysO3; (SCEFN) powders and
ceramics.

Liu et al. [15]. The appearance of three main peaks of
(332), (240), and (116) with reflections at 20~75-77°,
confirms the presence of the orthorhombic phase for the
studied samples. However, the three main peaks merged
into an ambiguous peak at the higher Ca concentration
(x=0.2). Furthermore, a pure perovskite phase was
observed for x <0.1 samples. Extra impurity peaks were
observed and indexed (by ), as seen in Fig. 1. This second
phase was identified as Ca,FeNbOg according to the
JCPDS file no. 01-089-1442. The appearance of the second
phase for the x=0.2 sample, indicates that the solubility of
Ca in SFN had a low limit. The unit-cell volume of the
samples calculated based on orthorhombic symmetry was
found to decrease from 251.22 (A3) for the x=0.0 sample
to 249.57 (A3) for the x=0.2 sample. This decrease in unit-
cell volume with increasing Ca content indicates an
introduction of Ca ions in the SFN lattice. In general,
the solubility of a dopant in a lattice depends not only on
the charge but also on the radius of the dopant. The charge
of Ca®™ ion is the same as that of Sr*™ and the radius of
the Ca®>™ ion (0.134 nm) is close to that of the Sr*™ jons
(0.144 nm). Therefore, it is possible that partial Ca®* ions
substituted Sr’* ions in the lattice as a result in the
decrease of unit-cell volume.

The SEM micrographs of the selected ceramic surfaces
are illustrated in Fig. 2. The micro structural analysis
revealed that Ca doping result in a change in grain size.
Average values of grain size, as calculated by the linear
intercept method, decreased from ~11.1 pm for the pure
SFN ceramic to ~6.4 um for the x=0.2 ceramic. This
result indicates that the additive inhibits grain growth. This
may be due to the low solubility limit of Ca in the SFN
lattice, resulting in the formation of the secondary phase
which may form at the grain boundaries and prevent grain
boundary movement during the sintering process [16].

The dielectric constant and loss tangent as a function
of frequency at room temperatures is shown in Fig. 3.
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Fig. 2. SEM micrographs of (a) x=0.0 and (b) x=0.2 of SCFN ceramics.

For pure SFN ceramics, the diclectric constant at 1 kHz
was ~ 11,200 which is high compared to many high
dielectric ceramics that were fabricated using the conven-
tional technique [2,15]. Further, all presented samples
exhibited high dielectric constants especially at lower
frequencies (the dielectric constant versus frequency in
log scale is shown in the inset of Fig. 3). However, the
dielectric constant of all samples decreased with increasing
frequencies. A similar behavior was found by Intatha et al.
who investigated the properties of BFN ceramics [17]. The
loss tangent values as a function of frequency with
different Ca concentrations are also shown in Fig. 3. The
general trend of the loss tangent value over the frequency
range for the doped samples is similar to that observed in

some giant dielectric material such as CaCusTi;O,
(CCTO) [18,19] where the loss tangent behavior of CCTO
was related to microstructure characteristics [19]. However,
all samples showed a peak of the loss tangent for frequencies
> ~2.5x 10’ Hz.

Fig. 4 shows plots of the dielectric constant and loss
tangent (at 1 kHz) as a function of temperature at various
Ca concentrations. Each sample showed an increase in
dielectric constant with temperature. This behavior is
similar to that reported in previous work on SFN and
BFN ceramics [15,17]. The dielectric constant in the
temperature range 27-95 °C increases with increasing Ca
concentrations. However, the dielectric constants of the
doped samples at temperatures > 95 °C were relatively low



S44 T. Phatungthane, G. Rujijanagul | Ceramics International 39 (2013) S41-S45

200000 4 T
2, x=0.

150000 { %, 02 e 10— N

100000 -

10010 10 10° 10 g
Frequency (Hz) 8
E

10000
Frequency (Hz)

100000 1000000

Fig. 3. Frequency dependence of ¢ and tano of SCFN ceramics for room
temperature.
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Fig. 4. Temperature dependence of ¢ and tand of SCFN ceramics for
1 kHz.

compared to the undoped samples. This result indicates
that Ca doping produced a higher degree of temperature
dielectric stability. It should be noted that the generated
samples exhibited a high loss tangent. This may be due to
oxygen non-stoichiometry and/ or cation non-stoi-
chiometry in the samples [20]. However, the Ca doping
reduced the loss tangent value for the x=0.1 sample (inset of
Fig. 4). The change in dielectric behavior is unclear but could
be linked to the microstructure since there were changes in
microstructure after doping. Further, heterogeneous compo-
sition and the presence of a second phase in the samples after
doping are considered to be other reasons for these beha-
viors. However, the dielectric constant values observed in the
present work are still considered to be high for giant dielectric
ceramics.

4. Conclusions

The molten salt technique was employed to synthesize
the SCFN powders. This technique was able to reduce the

calcinations temperature to a very low temperature com-
pared to the conventional method. The pure phase pow-
ders were then used to form SCFN ceramics. All ceramics
showed high dielectric constants while the doped ceramics
also exhibited the better dielectric—temperature stability
and a lower loss tangent (compared to SFN ceramic).
Based on the advantage of molten salts synthesize, it is
interesting to apply this technique for preparation of other
electro ceramic materials for future work.
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