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Abstract

The rapid development of miniaturization and refinement of modern electronic components has led to higher
requirements for nanosized powders. The barium strontium titanate (Ba,; Sr.TiO;, BST) nanopowders with
fine grains, uniform particle size and high purity have broad application prospects. Herein, BST nanopow-
ders were synthesized via nonhydrolytic sol-gel method and the effects of different processing parameters on
structure were investigated systematically by using X-ray diffraction, transmission electron microscopy, laser
particle size analyser and thermogravimetric mass spectrometry. In the first step, different dispersants, disper-
sant concentration and calcination temperature were selected for synthesis of Ba, (Sr, ,TiO; powder to find
optimal conditions. In the second step, these optimal conditions were used to synthesize BST powders, but
different (Ba+Sr)/Ti and Ba/Sr molar ratios were used to find those that can enable preparation of single phase
cubic perovskite powder. Therefore, this study showed how the processing parameters can be systematically
tuned with the idea to obtain ultra-fine single phase BST nanoparticles.

Keywords: nonhydrolytic sol-gel method, Ba, Sr TiO; powders, synthesis optimization

I. Introduction [8,9]. High-quality BST powders generally have the
characteristics of high phase purity homogeneous par-
ticle size. The preparation of high-quality BST ce-
ramic ultra-fine powders is the premise and foundation
for high-performance BST ceramics [10,11]. The tra-
ditional solid phase method [12] is generally used to
prepare BST powders. This method is not suitable for
preparing BST high-performance ceramics because of
its large particle size, high content of aggregates and
impurities. However, the current trend of miniaturiza-
tion of electronic components requires that the particle
size is usually less than 100 nm [13]. Synthesis meth-
ods for preparation of BST powders with narrow par-

Barium strontium titanate (BST) ceramics is a piezo-
electric ceramics with excellent performance [1,2]. It
has both the characteristics of high dielectric constant
and low dielectric loss of BaTiO4 and the stable char-
acteristics of SrTiO;. It is widely used in microwave
phase shifters, capacitors, resonators and wide fields [3—
6]. The performance requirements for BST ceramic ma-
terials are also increasing, with the continuous develop-
ment of science and technology. The performance and
reliability of BST ceramics-based devices are closely re-
lated to the morphology, phase purity, composition and

crystallinity of BST powders [7]. , ticle size distribution, good dispersion and high phase

The route and conditions for Ba, ,Sr,TiO; powders oty have been researched, including the hydrother-
synthesis have great influence on their performance |- method [14], citrate method [15], sol-gel method
[16] and nonhydrolytic sol-gel method (NHSG method)
[17]. However, the hydrothermal method is more prone
to side reactions, and the equipment requirements are
high. The citric acid method has low temperature and

*Corresponding author: tel: +86 798 8499328
e-mail: jiangfeng @jci.edu.cn (F. Jiang),
fengguo@jci.edu.cn (G. Feng)

224


https://doi.org/10.2298/PAC2402224J
https://orcid.org/0000-0002-1361-9588
https://orcid.org/0000-0001-6246-5661

F. Jiang et al. / Processing and Application of Ceramics 18 [2] (2024) 224-233

small particle size, but it is greatly affected by pH
value and dispersant. The hydrolytic sol-gel method
can achieve homogeneous mixing at molecular level,
but the hydrolysis rate of each component is not easy
to control. The NHSG method can be used for syn-
thesis of Ba,_ Sr TiO; powders at low temperature via
atomic-level uniform mixing, which makes it a promis-
ing method for preparing high quality BST powders.

In our previous work [18] we have started to inves-
tigate the effects of raw material types and some of
parameters in nonhydrolytic sol-gel synthesis on the
structure of Ba, ,Sr, ,TiO; powders. Based on that, in
this work those investigations are systematized and ex-
panded to Ba,_ Sr TiO, powders. Accordingly, a novel
type of ultra-fine BST nanopowders were developed by
the nonhydrolytic sol-gel method assisted by the addi-
tion of dispersant, which improved the low temperature
synthesis effect and the composition uniformity.

II. Experimental

2.1. Material and methods

Raw materials, used in experimental part, were
all purchased from Sinopharm Chemical Reagent Co.
Ltd. and are of AR grade. In the first part of this
work, different dispersants, dispersant concentration
and calcination temperature were selected for synthe-
sis of Ba, Sr,, ,TiO; powder to find optimal conditions
for preparation of very fine powder. Barium acetate
(Ba(CH,COO),) and strontium acetate (Sr(CH,COO),)
were weighed into a conical flask and dissolved in glyc-
erol (C;HgO,). Butyl titanate (Ti(OC,H,),) was poured
into another conical flask with 50 ml glycerol. Both of
them were placed on the magnetic stirrer and stirred
for 10 min. Then, the barium acetate and strontium ac-
etate solution were poured into the butyl titanate solu-
tion and stirred evenly to obtain a mixed solution. The
following cation ratio in solution was used: Ba/Sr/Ti
= 0.6/0.4/1.2. Subsequently, surfactant was added in
amount of 1.0 wt.% in relation to the total mass of the
precursors and stirred for 15 min. Different surfactants
were analysed: PEG 1000 (CP, Shanghai), Tween 60
(CP, Shanghai) and Span 80 (CP, Shanghai). In addi-
tion, different concentrations of the selected surfactant
were used (0.5, 1.0, 1.5 and 2.0 wt.%) to determine the
optimal one. The flask of the mixed solution was then
placed in a constant temperature digital display oil bath
at 110 °C for 24 h to obtain an orange precursor sol. Fur-
thermore, the precursor sol was distilled at 250 °C for
6 h with the formation of a black xerogel. Finally, the
xerogel was ground and calcined at different tempera-
tures: 700, 800, 900 and 1000 °C for 2 h.

In the second part of this work, the selected optimal
conditions were used to synthesize BST powers with
different Ba/Sr molar ratios (i.e. Ba, Sr TiO;, where x
=0.2,0.3,0.4, 0.5) and the influence of (Ba+Sr)/Ti mo-
lar ratios were analysed to find optimal one for prepara-
tion of a single phase perovskite powder.
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2.2. Characterization

X-ray diffraction (XRD, DX-2700B, Dandong
Haoyuan Instrument Co. Ltd, China) with Cu-K,
radiation (wavelength of 0.154 nm) was used to analyse
the crystal phase composition of the samples. The
measuring 26 range was 10-70° and scanning time
10 min with a stepping angle of 0.02°. For the Rietveld
refinement, the stepping scan rate was increased to 6s
and other parameters remained unchanged.

A laser particle size analyser (Mastersizer 3000,
Malvern Company, UK) was employed to characterized
particle sizes and distribution. The particle size distribu-
tion width was measured by Span parameter, which was
calculated according to the following equation [19]:

Dgy — D1

1
Dy )

Span =

where, Dy, D5y and Dy are particles sizes at 10%, 50%
and 90% in cumulative distribution, respectively. The
closer the Span value is to 0, the more uniform the par-
ticle size is, and the higher the particle size uniformity.
On the contrary, larger Span values indicate worse uni-
formity.

Surface area was characterized by low-temperature
nitrogen adsorption (ASAP2020M, Micromeritics,
USA) by Brunaure-Emmett-Teller method. High res-
olution transmission electron microscopy (HR-TEM,
JEM-2010, JEOL, Japan) was used to obtain high-
resolution transmission electron microscopy images.
DTA-TG instrumen (STA 449C, NETZSCH, Germany)
equipped with a mass spectrometer (QMS403C, NET-
ZSCH, Germany) was employed to characterize the
thermogravimetric effects of xerogel in the heating
process. The heating rate was 10 °C/min and the final
temperature was 1000 °C.

II1I. Results and discussion

3.1. Effect of dispersant type

This research group has successfully prepared single
phase Ba,, ;Sr, , TiO; powders before [18], so in this work
we used the Ba, Sr,, ,TiO; powders for the further study
the influence of dispersant type on particle sizes and dis-
tribution. Figure 1 shows XRD patterns of the samples
prepared with different dispersants: Span 80, Tween 60
and PEG 1000, with the concentration of 1.0 wt.% to the
total mass of the precursors. The calcination temperature
of the samples was 900 °C. XRD pattern of the sample
prepared without dispersant is also presented in Fig. 1 for
comparison. It can be seen that the addition of dispersant
has little effect on the phase composition of samples, and
no other phase except for Ba Sr, ,TiO; phase (JCPDS
34-0411) in all samples was detected. However, com-
pared with the sample without dispersant, the diffraction
peaks of the samples with a dispersant have higher inten-
sity and narrower width, which indicates that the samples
have higher crystallinity.
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Figure 1. XRD patterns of samples prepared with different
dispersants (amount of dispersants: 1 wt. %, calcination
temperature: 900 °C)

Figure 2 shows the particle size distribution of the
Ba (Sr,, ,TiO; powders prepared with different disper-
sants. It can be seen that the portion of particles smaller
than 2 um in the sample without dispersant is 94.1%,
whereas the portions of those particles are 98.5%,
99.4% and 98.1% for the powders synthesized with
Span 80, Tween 60 and PEG 1000, respectively. In ad-
dition, all particle sizes of the samples with Span 80,
Tween 60 and PEG 1000 are less than 10 um, which is
not the case for the sample without dispersant. These
results indicate that the addition of dispersant makes
the size distribution of the Ba, ;Sr,, , TiO; powders more
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uniform and improve dispersibility of particles in glyc-
erol. When the nanoparticles are close to each other, the
existing adsorption layer will be compressed to gener-
ate repulsive force, thus preventing the agglomeration
between the nanoparticles [20].

Furthermore, as it can be also seen from Fig. 2
the Dyy, Dsp and Doy of the samples prepared with
Tween 60 as a dispersant are smaller than those with
other dispersants. The reason can be different molecu-
lar structure of the selected dispersants (Fig. 3). Thus,
in comparison with PEG 1000, Tween 60 and Span
80 have terminal “anchor” structures of polyhydroxy
and polyalkoxy groups. They also have multiple “an-
chor” active sites, which is convenient for molecular
“anchors” to be fixed on the surface of colloidal par-
ticles. At the same time, compared to Span 80, Tween
60 has no double bond at the tail alkyl position, which
enables better flexibility of the tail molecule than that of
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Figure 3. Molecular structural formula of Tween 60 (a),
PEG 1000 (b) and Span 80 (c)
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Figure 2. Particle size distribution of samples prepared with different dispersants: a) without dispersant, b) Span 80,
¢) Tween 60 and d) PEG 1000 (amount of dispersants: 1 wt. %, calcination temperature: 900 °C)
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Figure 4. XRD patterns of samples prepared with different
amounts of Tween 60 (calcination temperature: 900 °C)

Span 80. The better flexibility is more conducive to the
full opening of the molecular chain, playing full steric
hindrance of long-chain molecules and avoiding cross-
entanglement of molecules to cause aggregation. These
results and analysis confirm that Tween 60 is better than
other two dispersants.

3.2. Effect of Tiveen 60 concentration

XRD patterns of the samples prepared with different
concentration (0.5, 1.0, 1.5 and 2.0 wt.%) of Tween 60
and calcined at 900 °C are presented in Fig. 4. It clearly
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shows that there is no obvious influence of the Tween 60
addition amount on crystallinity of the Ba,Sr, ,TiO,
phase. However, as it can be seen from Fig. 5, the
amount of Tween 60 has influence on the particle size
distribution of the samples. This is because Tween 60,
as a surface modifier, can be adsorbed on the surface
of Ba (Sr, , TiO, particles as a growth inhibitor to pre-
vent the agglomeration and hinder the excessive growth
[21]. The calculated Span values for the samples with
0.5, 1.0, 1.5 and 2.0 wt.% Tween 60 are 1.774, 1.287,
1.320 and 1.385, respectively, and the smallest particle
sizes have the samples with 1.0 and 1.5 wt.% Tween 60.
These results can be explained by the electrostatic re-
pulsion force of the electric double layer on the sur-
face of nanoparticles which is the largest at these dis-
persant amounts. However, when the dispersant addi-
tion amount is higher, supersaturated adsorption will be
generated at the nanoparticle surface. In this case, the at-
traction between particles will be greater than the repul-
sive force between electric double layers, and the parti-
cles will agglomerate and settle resulting in poor unifor-
mity [21]. Therefore, we selected 1.0 wt.% as an optimal
amount of Tween 60.

3.3. TEM test and finishing

Figure 6 shows TEM micrograph of the calcined
Ba, Sr, ,TiO, sample prepared without dispersant as
well as TEM micrograph, HR-TEM micrograph and
SEAD pattern of the same sample with 1.0 wt.% Tween
60 as a dispersant. It can be seen from Figs. 6a and
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Figure 5. Particle size distribution of samples prepared with different amounts of Tween 60: a) 0.5, b) 1.0, ¢) 1.5 and
d) 2.0 wt.% (calcination temperature: 900 °C)
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Figure 6. TEM micrographs of samples without dispersant (a) and with 1.0 wt.% Tween 60 (b,c); HR-TEM micrograph (d)
and SAED pattern (e) of sample with 1.0 wt.% Tween 60

6b that the dispersion of the Ba, (Sr,,TiO, particles
is improved after adding 1.0 wt.% Tween 60. The lat-
tice stripes can be seen in HR-TEM graph shown in
Fig. 6d, which indicate the high crystallinity of the
Ba(Sr, ,TiO; particles [22]. In addition, the mea-
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sured crystal plane space is d = 0.284 nm, which is in
good agreement with the (110) crystal plane spacing of
0.281 nm from the PDF card of Ba,, ;Sr, ,TiO; (JCPDS
34-0411). Figure 6e clearly shows single crystal struc-
ture electron diffraction patterns of the Ba, (Sr, ,TiO,
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Figure 7. DTA-TG curve of xerogel (a), MS curves of each product during thermal decomposition (b-c) and XRD patterns of
samples calcined at different temperatures (d)
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Figure 8. Particle size distribution of barium strontium titanate synthesized at different temperatures: a) 700 °C, b) 800 °C,
¢) 900 °C and d) 1000 °C (type of dispersant: Tween 60, amount of dispersant: 1 wt.%)

with 1.0wt.% Tween 60. The smallest array points
correspond to (100), (010) and (110) planes of the
Ba (Sr, ,TiO; phase, which conform the parallelogram
rule of the vector. At the same time, it can be deter-
mined that the diffraction direction corresponds to [001]
(Fig. 6e). The two-dimensional lattice stripe clearly
shows that the nanoparticles are crystalline without
dislocation, grain boundary or other defect structures,
which further confirms the single crystal property of
Ba, (Sr, ,TiO; particles [23].

3.4. Effect of calcination temperature

The thermogravimetric effects and the structure of es-
caping gases during heat the treatment of xerogel were
detected by DTA-TG-MS and used to find optimal cal-
cination temperature for preparation of small particles
with the highest possible phase purity [24]. Investiga-
tion was conducted on the Ba,, ,Sr,,TiO, powder and
the selected type and amount of dispersant were Tween
60 and 1.0 wt.%. The DTA-TG curves in Fig. 7a show
that the thermogravimetric effects can be divided into
two stages. In the first stage, an exothermic peak at
338.2 °C appears from room temperature to 400 °C, and
the corresponding weight loss is 28.08%. It is related
to the oxidative combustion of organic groups and sub-
stances such as acetate, butoxy and glycerol (boiling
point 290 °C). The exothermic peak in the second stage
appears at 504.6 °C. Two major exothermic peaks in the
first and second stages correspond to the mass spec-
trometer (MS) curves shown in Figs. 7b and 7c. Ac-

cording to the optimized raw materials [25] used in this
work, the following ions and exothermic effects are de-
tected: 14-CH,* (306 °C), 16-CH,* (308 °C), 18-H,0"
(312°C, 473 °C), 28-CO™" (331°C, 455°C), 29-C,H,*
(305 °C, 455 °C), 30-C,H," (294 °C), 32-0," (290°C),
34-HO-OH (294 °C), 40-C,H," (294 °C) and 44—-CO,
(312°C, 491 °C). It can be seen from the MS curves that
a large amount of gas escapes at 200-400 °C and 400—
600 °C, corresponding to the DTA-TG curves. Among
them, CO (331 °C) has the strongest ionic strength and
confirms that the whole system is in a reducing atmo-
sphere and not affected by oxygen in the air. The O
in the detected fragment ions (H,0", CO", O,", HO-
OH, CO,") are all from the residual organic groups [26].
In the second stage, the concentration of C02+ ions in-
creased significantly, possibly because some CO is oxi-
dized to CO,.

To confirm the reasons for the formation of exother-
mic peak at 504 °C on the DTA curve, the XRD patterns
of the samples calcined at 400-1000 °C with 100 °C in-
terval are shown in Fig. 7d. It can be seen that the sam-
ples calcined at 400 and 500 °C are amorphous. Crys-
talline Ba,, (Sr, ,TiO, phase (JCPDF 34-0411), without
other impurity phases, forms when temperature rises to
600 °C, confirming that the exothermic peak at 504.6 °C
is partially caused by the formation of this crystal phase.
This temperature is much lower than that in other meth-
ods, which is in some cases even 1200 °C [27].

Figure 8 shows the particle size distribution of the
samples calcined at 700-1000 °C with 100 °C intervals,
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Figure 9. N, adsorption-desorption isotherm curves of
Ba, (Sr, ,TiO; powder

to further confirm the optimal conditions for obtaining
powders with uniform and small particle sizes. It can
be seen that the powders calcined at lower temperatures
have bimodal size distribution, whereas only one main
peak exists in the powders calcined at 900 and 1000 °C.
The particle sizes of Dy, D5y and Dy, of the sample
calcined at 900 °C are the smallest. In addition, the es-
cape curves at 900 °C (Figs. 7b and 7c) are relatively
flat, indicating that the organic groups are eliminated
before 900 °C. Therefore, 900 °C is the optimal calci-
nation temperature.

Figure 9 shows the N, adsorption-desorption
isotherm curves of the optimized Ba,, ,Sr, ,TiO, sample
prepared by the NHSG method. The determined specific
surface area is 12.8 m?/g, which is an ideal value for ap-
plications especially in slurry.

3.5. Effect of Ba/Sr and (Ba+Sr)/Ti ratios

Figure 10a presents XRD patterns of samples pre-
pared with different Ba/Sr ratios. Among them, the dis-
persant type, dispersant concentration and calcination
temperature were Tween 60, 1 wt.% and 900 °C, respec-
tively. For better comparison, 3D XRD patterns of the
samples prepared with different Ba/Sr ratios are shown
in Fig. 10b. The main phase of all samples is perovskite

()
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Bag sSro.sTiO3 | JCPDS 05-0626 BaTiOs3
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BaTiO; phase (JCPDS 05-0626). In addition, the shift
of XRD peaks towards lower 26 angles with the de-
crease of Sr content is obvious. According to the Bragg
diffraction equation (2d-sin 6 = n- 1), the corresponding
crystal plane space increases when the diffraction angle
decreases, which indicates that strontium enters the bar-
ium titanate lattice due to the substitution of larger Ba>*
(r = 0.134nm) with smaller Sr>* (» = 0.112nm) ions
[28]. The pure phase Ba, (Sr, ,TiO; was prepared with
the optimal (Ba+Sr)/Ti ratio of (0.6+0.4)/1.2. However,
there are obvious impurity phases which can be clearly
visible in 3D XRD patterns (Fig. 10b). Thus, the sam-
ples Ba, ;Sr, ;TiO; and Ba (Sr, ,TiO; have no impu-
rity phase detected, but diffraction peaks (at 22° < 26 <
25°) of barium carbonate heterophase are present in the
Ba, ¢Sr,, ,TiO; and Ba,) ;Sr,, ; TiO; samples. In addition,
the diffraction peak intensities increase with the increase
of Ba ratio.

The (Ba+Sr)/Ti ratio was further adjusted to ob-
tain Ba, Sr TiO; pure crystal phase with different
Ba/Sr ratios. XRD patterns of the Ba,,Sr,;TiO; and
Ba, ;Sr, ,TiO; samples with different (Ba+Sr)/Ti ra-
tios are shown in Fig. 11. It can be seen that the
impurity content of barium carbonate gradually de-
creases with the increase of the (Ba+Sr)/Ti ratio. Fi-
nally, the Ba, ;Sr,, ;TiO; and Ba, ;Sr,, , TiO, pure phase
powders were prepared with (Ba+Sr)/Ti molar ratios of
(0.740.3)/1.3 and (0.84+0.2)/1.4, respectively.

Figure 12 shows XRD patterns of the Ba, Sr TiO,
samples with different Ba/Sr ratios and the optimized
(Ba+Sr)/Ti molar ratio. It can be seen that there is no
barium carbonate impurity diffraction peak at 22°-25°,
which indicates that pure phase Ba, Sr TiO; powders
were formed. The XRD peak intensities increase with
the increase of strontium content (Fig. 12c), indicat-
ing that the substitution of strontium reduces the crys-
tallinity of BST [29], due to the growth rate of SrTiO,
being faster than that of BaTiO, [30]. It is important to
mention that one single peak is observed and there is no
splitting of the XRD peak from (200) plane, indicating
that all diffraction peaks belong to the cubic perovskite
structure (space group: Pm3m). This result is due to the
size effect of nanocrystals and stabilization of a high-
symmetry phase [31].
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Figure 10. XRD (a) and 3D XRD (b) patterns of samples prepared with different Ba/Sr ratios
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The diffraction peak also gradually broadens with
the increase of Ba content. Due to its limited size, the
formed crystal may not be perfect. The difference or de-
viation of the complete crystallinity leads to the broad-
ening of the diffraction peaks. Two main factors for a
peak broadening are microcrystalline size and lattice
strain. Table 1 lists the XRD peak analysis results of
the samples prepared with different Ba/Sr ratios. The
source of lattice strain is mainly attributed to the lat-
tice expansion or lattice contraction in nanocrystals due
to the size limitations, because the atomic arrangement
changes slightly due to the size limitation compared
with their corresponding phase.

The Rietveld refinement of XRD data of the pure
phase Ba, Sr TiO, powders prepared with different

Ba/Sr ratios was also conducted. The Rietveld refine-
ment compares the experimental Bragg intensity with
the Bragg intensity calculated by a reasonable structural
model and then adjusts the parameters until the best fit-
ness with the experimental diffraction data is obtained
[32]. The lattice parameters, unit cell volume and re-
fined parameters calculated from X-ray diffraction data
are shown in Table 2. R, is the full spectrum factor, that
is, the variance factor; R,,, is the weighted full spectrum
factor, representing the weighted figure variance factor;
both are descriptions of the fitted results. y? represents
the variance value. The R,,, values of all Ba, Sr TiO,
samples are lower than 10%, indicating that there is an
excellent agreementt between the experimental results
and the theoretical results. The cell parameters and cell
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Table 1. Crystallite size calculated by different methods

Williamson-Hall

Sample Crystallite size [nm] o .
Crystallite size [nm] Strain
Ba, 4Sr,,TiO;4 17.2 22.5 4818 x 107
Ba, ,Sr, ; TiO, 24.2 29.2 0.00140 x 107*
Ba (Sr, ,TiO, 28.0 29.0 0.00177 x 10~
Ba, sSr, sTiO, 23.8 33.2 0.00145x 107

Table 2. Rietveld refinement data obtained for samples with different Ba/Sr ratios

Sample BaTiO; Ba,¢Sr),TiO; Bag,Sr,;TiO; Ba,Sr,,TiO; BajsSr,sTiO4
a=b=c[A] 4.0073 3.9926 3.9869 3.9704 3.9619
a=F=y 90.00 90.00 90.00 90.00 90.00
Volume [A%]  64.351 63.788 63.488 62.590 62.188
Ry 8.35 8.61 8.36 8.70
R, 5.57 6.05 5.81 6.13
x° 1.712 1.895 1.778 2.080
Ba-0 [A] 2.8253 2.8215 2.8074 2.8015
Ti-O [A] 1.9978 1.9951 1.9852 1.9809

volumes of all samples are smaller than those of BaTiO,
(JCPDS 05-0626). The lattice constants and cell vol-
umes decrease gradually with the increase of strontium
content because the ion radius of Sr** is smaller than
that of Ba**. The calculated bond lengths are also given
in the table. With the increase of Sr content, the bond
length of Ba—O/Ti—O decreases gradually. It can also be
verified according to the size of the ion radius.

IV. Conclusions

Ba, Sr TiO, nanopowders were synthesized via
nonhydrolytic sol-gel method and the effects of dif-
ferent processing parameters on structure were sys-
tematically investigated. Among three different disper-
sants, the smallest particles with uniform distribution
were obtained with Tween 60. The dispersibility and
uniformity were optimal when 1.0wt.% of Tween 60
was used as the dispersant. Moreover, the results of
mass spectroscopy and laser particle size distribution
analysis show that the optimized calcination tempera-
ture was 900 °C at which crystalline phase was formed
and all organic groups were removed. The pure phase
Ba,, sSr, sTiO; and Ba,, .Sr, ,TiO, powders can be pre-
pared when (Ba+Sr)/Ti = 1/1.2, while higher ratio is
necessary for the samples with lower Sr content. Thus,
the pure phase Ba, ;Sr,, ; TiO; and Ba, ¢Sr,, ,TiO; can be
prepared when (Ba+Sr)/Ti ratios are 1/1.3 and 1/1.4,
respectively. All pure phase powders have cubic per-
ovskite structure due to small particles and the size ef-
fect. The lattice constants and cell volumes of cubic
phase decrease gradually with the increase of Sr content.
This study confirms that the ultra-fine BST nanopow-
ders with narrow size distribution can be prepared by
optimizing important process parameters.
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