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Synthesis of Highly Porous SrTiO3 Materials
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Strontium titanate is a perovskite with a great potential to act as an anode material for solid oxide fuel cells.
The requirements for these materials concern not only electrical but also microstructural properties. The stron-
tium titanate with regular pore structure can exhibit lower flow resistance compared to random pore distributed
materials. Several methods of synthesis (with addition of various organic agents) allowed obtaining materials
with regular/irregular pore structure. Regardless of synthesis methods all materials showed high porosity (above
40 vol.%). Additionally it was found that three–dimensionally ordered macroporous structure collapsed after sin-
tering at 1200 ◦C whereas macro-mesoporous structure of P-123 modified strontium titanate had persisted.
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1. Introduction

Strontium titanate based perovskites are materials
that can potentially be applied (after doping) as an al-
ternative to Ni/YSZ as anode backbone for solid oxide
fuel cells (SOFCs). Apart from proper catalytic and oxy-
gen conductive properties, obtained materials should ful-
fill other crucial requirements associated with their mi-
crostructure. It was found that the length of the three
phase boundary TPB — created by electron-conductive,
ion-conductive material and fuel (in the simplest case hy-
drogen) — should be as long as possible to ensure high
efficiency of the electrode reaction. It was estimated
that open porosity level should be greater than 30 vol.%
in order to be entirely serviceable as anode material in
SOFC [1, 2]. The use of regular pore structure materials
can increase the fuel flow rate of the anode material rela-
tive to materials with random pore structure. A route of
synthesis have a great impact on microstructural prop-
erties such as size, shape and distribution of pores. To
increase level of porosity the classical solid-state synthe-
sis can be replaced by one of wet preparation methods.
The high porosity strontium titanate (STO) can be ob-
tained by various modifications of sol-gel synthesis route.
The synthesis of such porous perovskites involves several
crucial steps that are: preparation of stable sol-gel initial
solution, micelle formation by addition of various non-
ionic surfactants, deposition of solution on soft templates.
Each of these steps is important since the configuration of
the final matrix and its structure depend on the combina-
tion of inorganic precursor and surfactant porogen in the
solution. Furthermore it depends on the conditions ap-
plied during elimination of the soft polystyrene templates
and the stabilization of the inorganic network [3]. In this
manuscript a focus on impact of various surfactants and
soft template on STO microstructure was given.
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2. Experimental

2.1. Synthesis of perovskite and preparation of samples

All SrTiO3 samples were prepared using citrate
method. Firstly the required amount of citric acid was
placed into flask containing ethanol solution of tita-
nium(IV) isopropoxide. The mixture was stirred. After
several minutes the aqueous solution of strontium nitrate
was added. The obtained mixture was stirred for 15 min.
The final concentration of all inorganic ions (Sr, Ti) to
citric acid was 1:2. Various organic compound such as
Triton X-100, Pluronic P-125, poly (vinyl alcohol) (all
in aqueous solutions) and polystyrene nanospheres were
used. In the case of synthesis with polymeric soft tem-
plate, the polystyrene (PS) spheres were immersed in pre-
cursor mixture, vacuum filtered, dried and calcinated.
The calcination temperature for all samples was set at
900 ◦C with a temperature ramp of 1 ◦C/min. All samples
were formed into pellets pressed at 2 MPa and sintered
at 1200 ◦C.

2.2. Methods

Phase compositions of the samples (calcined powders)
were identified by X-ray diffraction analysis, based on
the ICDD databases. XRD analysis was performed using
Philips X’Pert Pro diffractometer.

The microstructure of all SrTiO3 prepared samples
was examined by a scanning electron microscope (NOVA
NANO SEM 200,FEI). The total porosity of samples was
determined on the basis of geometric measurements and
mass.

3. Results

The calcination temperature was based on our previ-
ous work [4]. For support the X-ray diffraction (XRD)
measurements were taken. The calcination was carried
out in flow of air for 180 min. The phase compositions
of samples were determined by XRD method presented
in Fig. 1.
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Fig. 1. X-ray diffraction pattern of SrTiO3

samples after calcination.

All of the obtained samples were single-phase materi-
als (SrTiO3). As expected the introduction of organic

surfactants or soft templates prior calcination had no
impact on SrTiO3 cubic structure (with the unit cell
a = 3.9073 ± 0.0005 Å. The synthesis procedure led to
obtain materials that differ with microstructures as pre-
sented in Fig. 2.

The first three samples presented in Fig. 2. (A)–(C)
did not exhibit any regularity in their structure. Fur-
thermore samples synthesized (presented in Fig. 2C and
D) with the use of Pluronic P-123 appearance of macro-
mesoporous structure was observed. Moreover, samples
made with P-123 exhibit opal-like pores, that differ from
pores of all other samples which are a consequence of
crystallites or particles agglomeration. For samples with
PS templates three-dimensionally ordered macroporous
structure was observed. Still after sintering process only
sample made with the use of P-123 sustained macro-
mesoporous its native structure. The total porosity of
pellets sintered at 1200 ◦C with the use of Pluronic P-123
or Triton X-100 had the highest value — (57±3 vol.%),
next group with lower value (51±3 vol.%) was found
for samples with only citric acid and with PS template.
Lastly the lowest porosity was observed for samples when
PVA was applied — 41±4 vol.%.

Fig. 2. The SEM microphotographs STO samples after calcination and sintering made with different surfactants: (A)
only citric acid, (B) Triton X-100, (C) poly (vinyl alcohol), (D) Pluronic P-123, (E) soft polystyrene templates. The last
picture (F) shows polystyrene spheres used for sample E.

4. Conclusions

Strontium titanate (SrTiO3) materials has been syn-
thesized via sol-gel synthesis that differs by application
of several kinds of pore former media. All approaches
result in single-phase perovskite structure. However,

the modification of synthesis path with surfactants and
soft templates leads to significant differences in mate-
rials microstructure. As a consequence of surfactant
usage, the random pores distribution was obtained in
Pluronic P-123 modified samples. Additionally uniform
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pore structure was observed when polystyrene soft tem-
plate was introduced during synthesis. However only
P-123 modified STO samples have sustained their macro-
mesoporous structure after sintering.
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