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Abstract: Barium strontium titanate (Ba;—Sr,TiO;, BST) and strontium barium niobate (Sr,Ba;_Nb,Os, SBN) are important
ferroelectric materials with excellent pyroelectric, dielectric properties and faster response time of infrared radiation. SBN/BST
composite ceramics with different mole ratios of Nb and Ti were fabricated using a powder-sol (P-S) method with Nb,Os fine
powders suspended in the barium strontium titanate (BST in short) sol solution. The X-ray diffraction results indicate that three
intermediate phases, i.e. TiO,, BaNb,Os and SrNb,Oy, are developed during the formation of SBN-BST. Powders obtained from
dried gels are calcined at 800 C for 3 h. The Ti, spectra of only one spin-orbit doublet are observed, which indicates one 4+
chemical state in the composite ceramics. The binding energies of Nb element depend strongly on composition.
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1 Introduction

Barium strontium titanate (Ba;_,Sr,TiO;, BST) and
strontium barium niobate (Sr,Ba;_.Nb,Os, SBN) have
been widely studied due to their outstanding properties
and potential applications. They are important
ferroelectric materials with excellent pyroelectric,
dielectric properties and faster response time of infrared
radiation [1-3]. Because of the above important
technological applications, the preparation methods,
microstructure, properties and doping on SBN, BST
ceramics have been widely reported [4—6]. By ordinary
ceramic sintering technique, SBN-BST composite
ceramics have been fabricated [7,8]. However, the results
show that uniformity of microstructure is not easily
controlled, and the higher sintering temperature is
required than sol-gel technique. It is easy to make BST
by sol-gel through titanic alkoxide using titanium
hydroxide as raw materials [9]. Nb,Os is as a raw
material to make some Sr,Ba, . Nb,O¢ in the composite
ceramics. The formation center of Sr.Ba;_Nb,Oq
consists of a Nb,Os core. However, the preparation and
characterization on SBN-BST composite ceramics by
powder-sol (P-S) has not yet been reported, and little is

known about the formation and microstructure of
SBN-BST composite ceramics. So, there has been a great
interest in the preparation of y(Bag;, Sro3;)Nb,Og(1—y)
(Bayg.7, Sro3)TiO; (SBN-BST) composite ceramics as well
as in the microstructure.

The use of P-S processing can not only form
homogeneous structure, but also decrease the sintering
temperature. In the present work, the fabrication of
SBN-BST ceramics produced from P-S method was
reported and the effects of different mole ratios of Nb
and Ti on the composite materials were studied.

2 Experimental

Ba(C,H30,), (99.5%), Sr(C,H30,),:1/2H,0 (99.5%),
Nb,05(99.9%) and La,05 (99.9%) were used as starting
materials. According to the compositions of y(Bagz,
Sro3)Nb,Og(1—y)(Bag7, Sro3)TiO;, they were weighed.
The y values in SBN-BST were 0, 0.1, 0.2, 0.3, 0.4, 0.5,
0.6, 0.7, respectively. The A solution was prepared with
barium acetate [Ba(C,H;0,),] and strontium acetate
[Sr(C,H;0,),-1/2H,0] as the precursor, acetic acid and
deionized water as the main solvents, and deionized
water also as the accelerating agent. Tetrabutyl titanate
[Ti(OBu),4] is unstable due to its high sensitivity to the
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moisture in air. Here, anhydrous alcohol B solution was
used. Nb,Os fine powder was suspended in B solution
with the magnetic stirring and then ultrasonic was used
to make the powder disperse uniformly in the B solution.
The precursor A solution was mixed with B solution
under magnetic stirring and ultrasonic stirring. Gelation
started after B solution was added into A solution. In
order to control the viscosity of the sol, the velocity of B
solution adding into A solution has to be controlled. The
solid xerogel was obtained after about 0.5 h. The xerogel
was calcined in air at different temperatures to analyze
the formation course of composite ceramics. The xerogel
was calcined at 800 °C for 3 h to burn off organics and
partly crystallize the material, and then crushed and ball
milled for 8 h. After drying, the fine powder was
compressed into disks of 13 mm in diameter and 2 mm in
thickness under 300 MPa. The disks were sintered at
different temperatures for 3 h to analyze the phase
structure of composite ceramics. Finally, the pre-sintered
disks were sintered at 1200 °C for 3 h to produce dense
ceramics.

The crystallization behavior of the ceramics were
analyzed by X-ray diffraction (XRD, Model D/MAX-3B,
Tokyo, Japan) excited with Cu K, radiation, a sampling
interval of 0.02°, and a scan speed of 4 (°)/min. The
fracture surface morphology was studied by scanning
electron microscope (SEM, FEISirion 200, Netherlands).
The surface XPS analysis was performed with a Perkin
Elmer PHI5S300 ESCA/610 SAM using a spherical
capacitance analyzer, and all spectra were referenced to
the adventitious C;s peak at 284.6 eV. Mg K,(1253.6 V)
radiation was adopted as the excitation source, operating
at 250 W, 125 kV and 20 mA. The operating pressure of
instrument chamber was in the order of 10’ Pa. The
measured spectra were decomposed into Gaussian
components (20%) and Lorentzian components (80%)
with symmetry by least squares fitting method after
subtracting Shirley background.

3 Results and discussion

Dried gel powders with Nb”" content of y=0.5 were
heat-treated at various temperatures to obtain the
perovskite phase and tetragonal tungsten bronze phase.
Fig. 1 shows the X-ray diffraction patterns of composite
powders. It illustrates the evolution of crystallization of
the BSTN powders with increasing the calcining
temperature [7]. After calcined at 700 °C for 3 h, XRD
peaks of BST, Nb,Os, TiO, and some weak BaNb,Og
phase appear [10]. It is found from Fig. 2 that the phase
assembly of SBN-BST composition calcined at 800 °C is
composed of BST, Nb,Os, new-formed SrNb,Og and
SBN. When the calcination temperature is further

increased to 950 °C, XRD peaks of Nb,Os and TiO,
finally disappear, and the intensities of SBN and BST
continually increase.

Figure 2 exhibits the X-ray diffraction patterns of
SBN-BST powders pre-sintered at 800 °C, at different
sintering temperatures for 3 h. After sintered at 820 °C
for 3 h, XRD peaks of BaNb,O and BST phase occur.

1—BST 2—SBN
3—Nb,05 4—TiO,
S—BN " 6—SN
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751 212

260/(°)

Fig. 1 XRD patterns of BSTN dry gel at different presintering
temperatures for 3 h: (a) 700 °C; (b) 800 °C; (c) 950 °C

20/(°)

Fig.2 XRD patterns of 0.5Ba00.5Sr00.5Ti0,0.5Nb,Os
composite ceramics at different sintering temperatures for 3 h:
(a) 820 °C; (b) 900 °C; (c) 980 °C; (d) 1050 °C; (e) 1150 °C; (%)
1200 °C

As the sintering temperature further increases to 900
°C, some weak XRD peaks of SBN appear, and XRD
peaks of BaNb,Og finally disappear. Subsequently, with
the increase of sintering temperature, the diffraction
peaks of SBN and BST continually increase. When the
sintering temperature increases to 1150 °C, the unknown
phase assigned by arrows occurs; when the sinter
temperature further increases to 1200 °C, the unknown
phase disappears. In Fig. 3, it can be founded clearly that
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the (311) peak of SBN phase shifts to a high Bragg angle
slightly while there is no change in the position of
perovskite structure BST (110) peaks, which reveals that
the lattice parameters of SBN phase decrease.

Figure 3 shows that the effect of Nb/Ti ratios on the
valence states of Nb (3d) in the SBN-BST system. It is
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shown that the binding energy of Nb** 3ds,, is 206.8 eV,
and the spin-orbit splitting is 2.8 eV.

The least squares fitting method was used in above
figures. The binding energy quoted for Nb°* 3ds, in the
case of CAO [11] and ATUCHIN et al [12] is in good
agreement with Nb”“ions in this study. From the binding
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Fig. 3 XPS spectra for Nb in sintered 0.7Ba00.3SrO(1-y)TiO,yNb,Os ceramics: (a) y=0.1; (b) y=0.2; (¢) y=0.3; (d) y=0.5;

(e) y=0.6; (f) y=0.7
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energy, it can be concluded that the Nb>" ions are present
in all samples. As shown in Figs. 3 (a) and (b), the
binding energy of new component is 206.1 eV, which is
close to that of Nb*" [13]. It is proved that there is a
small part of Nb*" presented in the samples (Figs. 3(a)
and (b)). The mole ratio of Nb*" to Nb’" is 1:6.1
according to Fig. 3(a). With the increase of Nb/Ti ratios,
it is found that the ratio of Nb*" to Nb*" ions decreases to
1: 9.4 as seen from Fig. 3 (b). Furthermore, there are no
Nb*" ions presented in the samples of Figs. 3(d)~(f).
Therefore, the binding energies of this element strongly
depend on composition. This additional pair of lines may
be associated with the dissolution of Nb*" ion in BST.

The high-resolution Ti spectra are present in Fig. 4
for the 0.7Ba00.3SrO0.5Ti0,0.5Nb,05 composite
ceramics. The detailed scans (20 eV wide) are recorded.
As shown in Fig. 4 (f), Ti*" ion arenot detected because
of a small content. From the Figs. 4(a)—(e), only one
spin-orbit doublet is observed for Ti element, the binding
energy of Tiypzp is 458.3 eV, and the spin-orbit splitting
is 5.8 eV. In the case of HU et al [14] and CHEN et al
[15], it is concluded that the valence of Ti ion is
identified as +4. Nb-doped Bay ;Sr(;TiO; is found via Ba
or Sr-site vacancies, and the corresponding defect
formula can be represented by

BaO/SrO+Nb,Os—>Bag,/Srg,+ V"p/V" st
2N b +60¢ (1)

where V denotes the vacancy at the A-site.
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Fig. 4 XPS spectra for Ti in sintered 0.7Ba00.3SrO-
(1=y) TiOyyNb,Os ceramics: (a) y=0.1; (b) y=0.2; (c) y=0.3;
(d) y=0.5; () y=0.6; () y=0.7

4 Conclusions

1) The beneficial effect of this powder-Sol process
on preparing composite ceramics is that the process
improves not only the sintering activity and densification,
but also the phase uniformity and mechanical properties

of the sintered body.

2) For all compositions in the Tiy, spectra, only one
spin-orbit doublet is observed, which indicates 4+
chemical state in the composite ceramics. The binding
energies of Nbsq are strongly depend on compositions.
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