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Morphology-controlled synthesis of SrTiO3 micro-scale particles∗
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A novel and simple strategy of morphology-controlled SrTiO3 (ST) micro-scale particle synthesis by the flux method
is reported. Systematic experiments are designed to realize the tunable morphologies of the particles when the flux salt,
sintering process, and the precursors are changed. The ST plates can be synthesized by plate-like Bi4Ti3O12 (BIT) precur-
sors in NaCl flux. However, the as-synthesized Bi4Ti3O12 grains transform into reticular particles and finally into rods at
higher temperature in NaCl and KCl compounds. Besides, cubic ST particles are also prepared using different precursors as
a comparative experiment. This study provides a strategy for further investigations in designing the morphology-controlled
particles and efficient anisotropic materials of perovskite structure such as ferroelectric and photocatalyst.
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1. Introduction
Strontium titanate, a famous perovskite material, has been

widely studied due to its excellent dielectric, photoelectric,
and optical properties.[1–5] Besides, as a promising photo-
catalytic candidate, SrTiO3 has been widely studied in split-
ting water into H2 and O2 and decomposing organic com-
pounds due to its excellent photocatalytic performance.[6–12]

Conventionally, SrTiO3 is synthesized from SrCO3 and
TiO2 powders by a solid state reaction, which results in
large particle sizes, low surface areas, and irregular particle
morphologies.[13] Compared with the bulk counterparts, spe-
cific morphology-controlled structures[14,15] always exhibit
physical and chemical properties,[16–18] and much effort has
been made to understand the electronic,[19,20] magnetic,[21]

and optical properties[22] of these structures. Though it has
exhibited good performances compared with the traditional
morphology,[23,24] few research results have been systemati-
cally reported about the flux synthesis of SrTiO3 with spe-
cific grain orientations and different morphologies. On the one
hand, many methods have been suggested to overcome the dis-
advantages synthesized by the conventional process;[11] on the
other hand, the topochemical microcrystal conversion (TMC)
method has been successfully used to synthesize perovskite-
structured template seeds such as NaNbO3,[25] KNbO3,[26]

and Na0.5Bi0.5TiO3.[27]

Therefore, in this paper, we use the two-step molten salt
method to synthesize SrTiO3 with plate-, reticula-, rod-, and
cube-shapes in NaCl and KCl. Bi4Ti3O12 (BIT) particles are
prepared as precursors because of their excellent platelet mor-
phologies in the two-step molten salt method. Different shapes
obtained under various processes are analyzed in detail, and it
is indicated that the precursors, the flux salt and the sintering

processes are the important factors that seriously affect the fi-
nal morphologies of SrTiO3 particles.

2. Experimental details
2.1. Preparation of plate-like BIT precursors

In order to optimize the morphology of SrTiO3, optimized
plate-like intermediate Bi4Ti3O12 (BIT) with anisotropic prop-
erties was first synthesized in this research. Bi2O3 and TiO2

(analytical reagent) were used as the bismuth and titanium pre-
cursors with 1-mol% excessive Bi2O3. To prepare BIT parti-
cles, the raw compounds were mixed with NaCl in a weight
ratio of 1:2. The mixture was first heated at 800 ◦C at a heat-
ing rate of 10 ◦C·min−1 for 1 h to melt NaCl and then to 920 ◦C
at a heating rate of 6 ◦C·min−1 for 2 h followed by furnace an-
nealing. For comparison, the compounds of Bi2O3, TiO2, and
the same amount of flux (NaCl:KCl = 1:1 in mole ratio) were
first heated at 660 ◦C at the same sintering rate for an hour fol-
lowed by a higher temperature treatment at 920 ◦C for 2 h. The
final products were washed with diluting water several times
to remove NaCl/NaCl–KCl impurities.

2.2. Synthesis of ST-1, ST-2, and ST-3 particles

In our experiments, the plate-like SrTiO3 (denoted as ST-
1), reticular ST (denoted as ST-2), and rod-like SrTiO3 (de-
noted as ST-3) were synthesized by a two-step molten salt
method, except for the cubic SrTiO3 particles (denoted as ST-
4) which were produced by a single molten salt method. As
shown in Fig. 1, ST-1 particles were prepared by BIT plates
and SrCO3 in a mole ratio of 1:3. The mixture was homog-
enized thoroughly with flux salt (NaCl) in a weight ratio of
1:4 and sintered in the furnaces. ST-2 and ST-3 samples were
prepared by the same method but the fluxes (1:4 in a weight
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ratio) were NaCl–KCl compounds (50%-mol NaCl and 50%-
mol KCl). The final products were washed by the HNO3 solu-
tion and diluting water several times to remove the impurities.
For comparison, the SrTiO3 cubes (ST-4) were first sintered
in NaCl–KCl flux (1:4 in weight ratio and NaCl:KCl = 1:1 in
mole ratio) from SrCO3 and TiO2 precursors, and the sam-

ple was washed by diluting water to obtain pure products. It
should be noted that all the sintering processes in the experi-
ments included a primary flux-melting procedure at low tem-
perature and a rate of 10 ◦C·min−1 for 2 h, a high sintering
procedure to reach the aimed points at a rate of 6 ◦C·min−1,
and finally an annealing procedure in the furnace.

preparation of plate like BIT precursors 

at 920 C for 2 h at 1000 C for 3 h

mixing Bi2O3, TiO2, NaCl, and KCl salt  mixing SrCO3, TiO2, NaCl, and KCl salt  

mixing BIT, SrCO3, and NaCl-KCl salt  

drying BIT after washing the salt

mixing BIT, SrCO3, and NaCl salt

washing the particles with HNO3 solution and deionized  water several  times

molten 

salt

synthesis

TMC

synthesis

washing the particles with deionized water 

drying ST 4 particles

drying ST 1 particles drying ST 2 particles

preparation of  polyhedron SrTiO3 particles 

preparation of ST 2 preparation of ST 1 preparation of ST 3 

at 1000 C for 3 hat 900-1000 C for 3 hat 840-1000 C for 3-11 h

drying ST 3 particles

Fig. 1. Flow chart of preparing morphology-controlled SrTiO3 particles.

2.3. Characterization

The XRD patterns of the samples were recorded by a
Mini Flex II Desktop X-ray Diffractometer using Cu-K radia-
tion (λ = 1.54059 Å) in the range 2θ = 5◦–85◦ in scan steps
of 0.02◦. The data analyses were carried out with the aid of
the JADE 5.0 software package. Microstructures of all the
samples were analyzed using a scanning electron microscope
(SEM JSM-6700F).

3. Results and discussion
3.1. Plate-shape analysis of BIT precursors

The diffraction patterns of BIT particles obtained by a
molten salt method are shown in Fig. 2. The predominant
diffraction peak intensities of BIT samples obtained in NaCl
flux (Fig. 2(b)) can be indexed to the phase of BIT (JCPDS-

73-2181), although a few of the secondary phases are visible
such as NanTi4O8 and TiO2 phases. However, figure 2(a) indi-
cates that the XRD patterns of BIT in NaCl–KCl complex flux
are nicely indexed to an orthorhombic BIT phase, indicating
that the obtained powder is a highly crystallized phase of pure
Bi4Ti3O12.

It can be seen from Fig. 2 that the degree of anisotropy for
pure perovskite structure particles prepared at 920 ◦C simul-
taneously increases with the addition of KCl salt. First, the
compounds are annealed at the flux molten point (m.p.) for an
hour and then the temperature increases for a higher synthesis
sintering. The molten points of NaCl, NaCl–KCl, and Bi2O3

are 801 ◦C, 657 ◦C, and 820 ◦C, respectively. It can be con-
cluded that the molten points of NaCl and Bi2O3 are so close
to each other that the sintering process around 800 ◦C acceler-
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ates the volatilization of Bi2O3, which leads to the secondary
phases such as NanTi4O8 and TiO2. However, the NaCl–KCl
complex salt has a much lower molten salt (657 ◦C). Further-
more, the complex salt has better liquidity than single NaCl
salt, which is more advantageous in the synthesis of pure Bi-
rich products.

NaCl+KCl salt 920 C, 2 h

NaCl salt 920 C, 2 h

JCPDS 73 2181
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Fig. 2. XRD patterns of the prepared BIT powders (a) in NaCl and KCl
compounds, (b) NaCl salt, and (c) the stand diffraction pattern of BIT
(JCPDS-73-2181).

The scanning electron microscopy (SEM) image of BIT
particles in NaCl–KCl salt is shown in Fig. 3. The particles
always have constant plate properties with a mean size up to
0.3 µm×8 µm×8 µm synthesized at 920 ◦C for 2 hours. Thus,
in this process, the plate-shaped BIT is obtained and provides
sufficient precursors with large size and regular templates to
build up SrTiO3 plates with the perovskite structure.

1 mm

Fig. 3. SEM image of plate-shaped BIT precursors.

3.2. Morphology analysis of plate-like, reticular, and rod-
like ST by ion-exchange, and cubic ST by the conven-
tional molten salt method

For the plate-, reticula-, and rod-shaped products, we use
SrCO3 as the strontium precursors and BIT, with plate mor-
phologies, as the titanium precursors. Our results indicate that
different fluxes adopted in the same sintering process lead to

various morphologies in the molten salt synthesis of SrTO3.
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Fig. 4. (color online) XRD patterns of ST plates synthesized at 900 ◦C,
950 ◦C, and 1000 ◦C for 11 h and washed by nitric and diluting water.
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Fig. 5. SEM images of ST particles synthesized in molten salt at (a)
1000 ◦C, (b) 950 ◦C, and (c) 900 ◦C for 11 h.
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Figure 4 displays the XRD patterns of ST plates synthesized
in single NaCl salt from 900 ◦C–1000 ◦C for 11 h. All the
diffraction peaks can be indexed to the cubic phase of ST
(JCPDS 35-0734), indicating the prepared powder at 900 ◦C
is a highly crystallized phase of pure SrTiO3, above or be-
low which the structure was still maintained. The SEM image
(Fig. 5) demonstrates that the shape of the ST product is ex-
tremely related to that of the plate-like BIT precursor. How-
ever, the plates exhibit melting zones at these temperatures,
and the particles are seriously hollowed at 1000 ◦C, leading to
many holes through the plates, as shown in Fig. 5(a).

The holes in the particles indicate that the sintering tem-
perature is too high for the synthesis of the plates, so the sinter-
ing temperature is reduced in the following experiments. Fig-
ures 6 and 7 display the XRD patterns and the effects of the
sintering process on the morphology of ST particles at 840 ◦C–
900 ◦C for 11 h, respectively. With temperature decreasing,
the particles are first relatively hollowed and inhomogeneous
but then become clean and uniform.
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Fig. 6. (color online) XRD patterns of ST synthesized at 840 ◦C,
870 ◦C, and 900 ◦C for 11 h and washed by HNO3 solution and di-
luting water.

To investigate the fabrication shape of ST plates at
840 ◦C, the raw materials are sintered at 840 ◦C but for dif-
ferent soaking times in NaCl salt. Figure 8 shows the XRD
results of ST plates synthesized at 840 ◦C for 3 h–11 h, which
verifies that there is no detectable impurity peak, and the ef-
fects of the soaking time in flux on ST particles are shown in
Fig. 9. When the soaking time is reduced from 11 h to 7 h
at 840 ◦C, the products display more anisotropic growth than
at 840 ◦C for 11 h, but it is not uniform. When the sample
was soaked at 840 ◦C for 3 h, the sizes of ST particles de-
crease and many irregular particles are found because of the
low solubility and mobility of the oxides in NaCl salt at low
temperature. It can be seen from Fig. 9 that the ST plates (ST-
1) at 840 ◦C for 11 h exhibit the cleanest surface and large
sizes (the mean size up to 0.2 µm×4 µm×4 µm) compared

with the other samples when the soaking time is reduced.
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(c)
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1 mm

Fig. 7. SEM images of ST plates particles synthesized in molten salt at
(a) 900 ◦C, (b) 870 ◦C, and (c) 840 ◦C for 11 h.
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Fig. 8. (color online) XRD images of ST plates synthesized in NaCl salt
at 840 ◦C for 3 h, 7 h, and 11 h.
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(a)
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Fig. 9. SEM images of ST plates synthesized at 840 ◦C for (a) 11 h
(ST-1), (b) 7 h, and (c) 3 h in NaCl salt.
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Fig. 10. (color online) XRD patterns of ST particles synthesized in
NaCl–KCl salts at 900 ◦C, 950 ◦C, and 1000 ◦C for 3 h.

Further investigation is also made to study the growth fea-
tures of ST particles when the synthesis process is changed.
In order to analyze the characteristic influence of the flux, a

half mole of NaCl is replaced by KCl in the ST plates synthe-
sis by a two-step molten salt method. As shown in Fig. 10,
the pure phase of ST can also be obtained in NaCl–KCl salt
above 900 ◦C for 3 h. The ST plates can be synthesized in
NaCl salt, however, the well-developed reticular ST particles
are obtained when half NaCl is replaced by KCl in mole ratio
for a comparative morphology, as shown in Fig. 11(a).

Figures 11(a) and 11(b) indicate that the products always
maintain a reticula-shape fabricated from the BIT plates at
temperatures in a range between 900 ◦C and 950 ◦C. When
the temperature is increased from 950 ◦C (ST-2) to 1000 ◦C
(ST-3) for 3 hours, the reticular ST-2 suddenly decreases and
regular rod-shape particles form, as shown in Fig. 11(c). The
further increase of sintering temperature does not obviously
change the morphologies of ST products according to our ex-
periments.

(a)

(b)

(c)

1 mm

1 mm

1 mm

Fig. 11. SEM images of ST-2 (b) and ST-3 (c) particles synthesized at
(a) 900 ◦C, (b) 950 ◦C, and (c) 1000 ◦C for 3 h.
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To investigate the effect of the precursors on the ST mor-
phology, the comparative experiments by different precursors
(Fig. 12 for XRD pattern) are carried out. Herein ST-4 parti-
cles with a cubic morphology are sintered in the same amount
of NaCl–KCl flux (1:4 in weight ratio, 50%-mol NaCl and
50%-mol KCl) with the raw materials SrCO3 and TiO2 as
strontium and titanium precursors at 1000 ◦C for 3 h. It is no-
ticed that the ST particles each exhibit a uniform cubic shape,
which is much different from ST-3, as shown in Figs. 11(c)
and 13(d). The experiments indicate that the morphology of
ST can also be affected by changing the precursors.

Finally, the SEM photographs of the samples with differ-
ent shapes in this research are shown in Fig. 13. It can be
concluded that all the samples are different and the sintering
process, the flux, and the precursors have significant influences
on the morphology of ST, for the particles change significantly
through changing the sintering temperature and soaking time,

increasing the KCl flux and changing the strontium and tita-
nium precursors.
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Fig. 12. XRD pattern of ST-4 particles synthesized at 1000 ◦C for 3 h.
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1 mm 1 mm

1 mm1 mm

Fig. 13. SEM images of ST particles (a) ST-1, 840 ◦C for 11 h in NaCl salt, (b) ST-2, 950 ◦C for 3 h, (c) ST-3, 1000 ◦C for 3 h, and
(d) ST-4, 1000 ◦C for 3 h in NaCl–KCl salt.

3.3. Crystalline analysis of ST particles under different
conditions

The factors affecting the anisotropic growth of the final

products include the precursors, the flux, and the sintering pro-

cesses. First, the BIT plates can be maintained in NaCl single

flux below 1000 ◦C, and the results show that the initial shape

of the precursor can determine the final morphology, which is

as important as the effects of the sintering process.

As shown in Fig. 14, for the synthesis by a two-step

molten salt method, the Bi ions in the Bi2O2-layered struc-
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ture may be first exchanged with Sr ions for the high activity

of Bi in bismuth-layer structure Bi2O2-, then the increasing

of the temperature causes a transposition between Bi ions in

the perovskite structure and Sr ions. The mild melting solu-

tion built by NaCl salt can maintain the BIT plates and in-

duce the formation of ST plates by ions exchange. However,

the scheme will not performed under different flux conditions

and sintering temperatures, just like the reticular-fabrication

for ST-2 particles at 950 ◦C in NaCl–KCl salt for a better and

destructive liquidity. Thus the NaCl–KCl flux at a lower eu-

tectic point can break up the plates and induce new shape fab-

rication above 1000 ◦C such as rods for their better liquidity

and low melting point (avoiding ions volatilization). As shown

in Fig. 15, the layer structure is so seriously destroyed and dis-

turbed that the well-evolved rod-shaped particles are obtained

in the final products in NaCl–KCl flux at the same tempera-

ture.

Bi

Ti

O

a
b

c
a
b

cSr

BIT ST

Fig. 14. (color online) Illustration view of the layered BIT precursors
and ST plates, and schematic structure of plane transformation from
BIT to ST plates.

plated ST

plated BIT

reticular ST

rod like ST cubic ST

Fig. 15. (color online) Proposed schematic diagram of the synthetic
mechanism of ST-1, ST-2, ST-3, and ST-4 particles in the molten salt.

Furthermore, the shapes of ST can be critically deter-

mined by changing the sintering temperature and soaking

time. The microcrystal can nucleate and grow up into vari-

ous shapes through mass transportation in liquid phase under

different conditions. Thus the precursors, the flux, and the sin-
tering process can be used to control the shape and size of the
final products. All in all, this research provides a novel ap-
proach to fabricating morphology-controlled micro-scale ST
particles with perovskite structure.

4. Conclusions

In the present study, we develop a simple and novel syn-
thetic process of SrTiO3 (ST) by changing the molten salt con-
ditions such as the flux, the precursors, the sintering temper-
ature, and soaking time, for designing morphology-controlled
SrTiO3 micro-scale crystals. The morphology of the plate-like
BIT precursor is retained during the ion-exchanges into ST
plates in NaCl salt below 1000 ◦C. However, particular atten-
tion is paid to the flux effect on the morphologies of ST parti-
cles in view of reticular and rod-shaped ST when the half mole
ratio of NaCl is replaced by KCl. We also report that the pre-
cursors can affect the shape of ST, for the cubic ST is obtained
by changing the strontium and titanium precursors in the same
sintering condition. The results demonstrate the internal syn-
thetic mechanism for the SrTiO3 micro-scale crystals and may
provide guidance for the shape-controlled synthesis of materi-
als with a perovskite structure.
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