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Abstract (Sr0.95La0.05)0.95�0.05TiO3 ceramics were prepared by solid state reaction and sintered by spark
plasma sintering at different temperatures ranging from 1473 to 1873 K for 10 min. The thermoelectric
properties show that sintering at temperatures higher than 1773 K allows reaching high thermoelectric
properties similar to the ones obtained after annealing at high temperatures in H2/N2 for several hours.
The high temperature sintered samples exhibit highest power factor near room temperature, resulting in
ZT values higher than 0.1. Therefore, the 10 min short SPS process at high temperatures described in this
paper is an easy, cheap, fast, and one step route to obtain dense and efficient SrTiO3-based thermoelectric
ceramics. However, SEM observations show that the samples are not pure perovskite phase but contain
titanium oxide and lanthanum compound aggregates.

1 Introduction

Since the discovery of the large Seebeck coefficient and
electrical conductivity in NaxCoO2 by Terasaki et al. [1]
in 1997, considerable attention has been given to ther-
moelectric oxide materials as a promising alternative
to current intermetallic compounds, with high potential
for future thermoelectric applications due to their abun-
dance, low cost and low toxicity [2,3]. Such progress in
thermoelectric oxides was mainly made for p-type semi-
conductors, where different cobalt oxides have been dis-
covered and most of them exhibit high figure of merit,
i.e., layered cobalt oxides [1,2,4–8], perovskite LaCoO3

[9–12] and rock salt CoO [13]. Considering n-type oxide
semiconductors, some promising candidates have been
identified such as Al doped ZnO [14], CaMnO3 [15],
substituted SrTiO3 [16,17], and such materials remain
quite challenging to achieve high thermoelectric perfor-
mance. Recently, SrTiO3 compounds have shown great
potential as thermoelectric materials [18–20]. SrTiO3 is
a cubic perovskite with ABO3 structure and tradition-
ally behaves as an insulator. However, through substitu-
tions with a suitable element, it may be converted into a
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semiconductor. The efficiency of thermoelectric mate-
rials is determined by a dimensionless figure of merit
ZT , ZT = (S2σ/κ)T , where S, σ, κ and T are the
Seebeck coefficient, electrical conductivity, thermal con-
ductivity and absolute temperature, respectively. High
figure of merit values (≈ 0.3–0.4) have been reported
in SrTiO3 sintered in reducing atmosphere (i.e sev-
eral hours at high temperatures under flowing Ar/H2)
and substituted on A-site by trivalent elements such as
La, Y, Pr, Dy, and Bi [16,17,21–25]. Besides, similar
ZT values have been recorded when doped with pen-
tavalent elements (Nb and Ta) on B-site [26,27]. How-
ever, owing to its large thermal conductivity, SrTiO3 is
not yet regarded as a practical thermoelectrical mate-
rial. Therefore, decrease of the thermal conductivity via
nanostructuring [28,29], nano-inclusions [18,30], as well
as through dispersion of nanoparticles [31,32] have been
explored. Unfortunately, despite the decrease of the
thermal conductivity, the electrical conductivity also
drastically decreases, resulting in a reduced thermoelec-
tric figure of merit. Moreover, the stability of nanos-
tructured materials can also be an issue, especially
at high temperatures [33]. Finally, it has been shown
that A-site deficiency in SrTiO3 can simultaneously
reduce the thermal conductivity and tune the electri-
cal properties [19,34–38]. Usually, SrTiO3-based ther-
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moelectric ceramics are first sintered in air and addi-
tional high-temperature treatments in reducing atmo-
spheres are required to generate high transport proper-
ties [16,17]. Spark Plasma Sintering (SPS) is a pressure
assisted sintering technique [39] allowing fast sintering
in reducing conditions due to the atmosphere (vacuum
or Ar usually) and the graphite die and punches. SPS
has been used to sinter SrTiO3-based ceramics with
high thermoelectric properties [20–24,40–42]: The high-
est ZT value reported (ZT (1073 K) = 1.4) have been
measured on ceramics sintered by SPS [43]. Based on
the aforementioned considerations, the present study
aims to investigate the thermoelectric properties and
microstructure evolution of La-doped, A-site-deficient
SrTiO3 ((Sr0.95La0.05)0.95�0.05TiO3) sintered in a short
one step process by spark plasma sintering or SPS at
different temperatures. Indeed, SPS process proposed
in this paper should allow reducing drastically the time
spent at high temperatures (from several hours to only
several minutes) and avoid the utilization of hazardous
gas such as H2, which could impede mass production of
SrTiO3-based compounds.

2 Experimental section

Dense pellets of (Sr0.95La0.05)0.95�0.05TiO3 were pre-
pared by spark plasma sintering. Commercially avail-
able SrCO3, La2O3 and rutile TiO2 powders with
99.9% purity, purchased from Chempur, were used as
raw materials. La2O3 was heated at 1273 K for 10 h
to remove any trace of La(OH)3 and La2(CO3)3. For
each sample, a stoichiometric amount of precursors was
weighted and grounded together for 5 min at 300 rpm in
a tungsten carbide planetary ball mill (Retsch PM 100).
Following grinding, the resulting mixture was placed in
an alumina crucible and calcined at 1473 K for 10 h at
a heating rate of 5K min−1 to ensure the single phase
formation. This process was conducted in air in a muffle
furnace. After calcination, the obtained powders were
white in color.

Sintering was performed using a spark plasma sinter-
ing (Syntex 515S- FUJI) apparatus. About 2.2 g of cal-
cined powder were charged into a cylindrical graphite
die with a 15 mm diameter. In order to ensure a good
electrical contact, a graphite foil was placed between
the powder and the graphite die and punches. The A-
site deficient La-SrTiO3 samples were sintered at differ-
ent temperatures from 1473 to 1873 K at 100 K inter-
vals under the same conditions. According to the cor-
responding sintering temperature, a constant heating
rate of 100 K min−1 was applied and maintained for
10 min under an uniaxial pressure of 80 MPa in argon
atmosphere. During the sintering process, the continu-
ous temperature change was recorded by a pyrometer.

The sintered pellets were carefully polished to remove
the thin graphite foil and were cut to bar and cuboid
shaped samples of dimensions 3 × 3 × 13 mm3 and 6 ×
6 × 2mm3 respectively using a diamond wire saw for
measurements of thermoelectric properties.

Other parts were polished for SEM observations. Pol-
ishing was performed with a LAM PLAN Masterlam 2.0
polishing machine. Four steps were necessary. Between
each step, the sample was rinsed with deionized water
and dried with cold air blow. First, the ceramic sample
was applied with a load of 27 N on a P400 SiC paper
with deionized water for 5 min. The abrasive paper and
the sample were rotating synchronically at 300 and
60 rpm, respectively. Second, the ceramic sample was
applied with a load of 27 N on an Ultrapad Cloth with
MetaDi Supreme 9µm polycrystalline diamonds sus-
pension (Buehler) for 5 min. The abrasive cloth and
the sample were rotating in opposite directions at 150
and 60 rpm, respectively. Third, the ceramic sample
was applied with a load of 27 N on a Verdutex Cloth
with MetaDi Supreme 3µm polycrystalline diamonds
suspension (Buehler) for 5 min. The abrasive cloth and
the sample were rotating synchronically at 150 and
150 rpm, respectively. And fourth, the ceramic sam-
ple was applied with a load of 25 N on a ChemoMet
Cloth with MasterMet 0.06µm amorphous colloidal sil-
ica suspension (Buehler) for 10 min. The abrasive cloth
and the sample were rotating in opposite directions at
150 and 150 rpm, respectively. Finally, the sample was
rinsed with deionized water and then soaked in a deion-
ized water and citric acid solution in an ultrasonic bath
for 15 min and dried with cold air blow.

The apparent densities and porosities of sintered
ceramics were calculated from the pellets weight and
dimensions. Phase purity was analysed by powder X-
ray diffraction (XRD) with Cu Kα radiation (λ =
1.5418 Å) using a Bruker D8 advance diffractometer,
in the range of 20◦ to 80◦ (2θ) with a step of 0.02◦ and
a counting time of 0.5 s per step at room temperature.

The scanning electron microscopy (SEM) observa-
tions have been performed using FEI Nova NanoSEM
450 field emission SEM coupled with an Energy Dis-
persive Spectrometer (EDS Bruker Quantax). As the
samples are supposed to be conductive, no coating has
been deposited on the sample surfaces prior observa-
tion.

The thermoelectric measurements on bar-shaped
samples, including the electrical conductivity and the
Seebeck coefficient were simultaneously performed in
the temperature range of 400–1000 K using a ULVAC
ZEM-3 equipment. Thermal diffusivity measurements
of cuboid shape specimens were carried out using a
laser flash system (Netzsch LFA 457) in vacuum. Three
measurements were conducted at each temperature, in
between 400–1000 K, in order to assess the reproducibil-
ity. Both surfaces were coated with a thin layer of
graphite to increase the absorption of infrared radia-
tion energy. Specific heat capacity measurements were
carried out by Differential Scanning Calorimeter (DSC,
Netzsch STA 449 F3 Jupiter) in a continuous-heating
mode of 20 K min−1 up to 1000 K using 50 mg of pow-
dered sample introduced into platinum crucibles. Based
on the above measured parameters, the thermal con-
ductivity (κ) was calculated from the product of the
thermal diffusivity (D), the specific heat capacity (cp)
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and the bulk density ρ. In this study, the estimated
measurements uncertainties are evaluated according to
Alleno et al. [44].

3 Results and discussions

After sintering, ceramics were highly dense with rel-
ative densities about 99.9% of the theoretical value
for Sr0.95–La0.05TiO3 compound (the theoretical value
is 4.863 g cm−3) [45]. This is consistent with previous
works that achieve dense ceramics by SPS at 1473 K
[20,46]. In this work, the chosen maximal tempera-
ture is between 1473 and 1873 K, i.e. higher than the
temperature requested for densification. Besides den-
sity, the color of the final ceramics drifts from mid-
grey to dark grey with increasing sintering tempera-
ture. The XRD analyses of the samples at different sin-
tering temperatures are illustrated in Fig. 1. Accord-
ing to the XRD patterns of the sintered pellets, it
is found that there is no change of the main phase,
cubic SrTiO3 with Pm3m space group, during the sin-
tering process [PDF: 00-035-0734]. Besides, some addi-
tional small diffraction peaks are detected as shown in
the insert of Fig. 1. When the material is sintered at
1473 K, a weak diffraction peak marked by (◦) symbol
appears at 2θ ≈ 27.2◦. Loland et al. [46] and Singh
et al. [20] have attributed this peak to TiO2 rutile
structure [PDF:04-003-0648]. However, with increasing
sintering temperature, this peak disappears markedly.
Moreover, a second weak diffraction peak is detected at
2θ ≈ 29.3◦. Singh et al. [20] have attributed this peak to
La2Ti3O9 [PDF:01-075-4857]. However, it may also cor-
responds to lanthanum-containing compounds such as
La2(CO3)38H2O [PDF:00-025-1400] or La2O3 [PDF:01-
071-5408], as well as a structure of reduced titanium
dioxide such as Ti9O17 [PDF:00-050-0791]. However,
these peaks remain close to the detection limit and
further investigations by scanning electron microscopy
have been performed.

Whereas the density of all the ceramics is high
(> 99.9 % RD), backscattered-electron (BSE) images
(Fig. 2a) exhibit a large number of black spots that
could be pores. However, secondary electron images
(Fig. 2b) show that most of these features are not pores
but grains.

EDS analyses show that these grains are titanium
and oxygen rich (data not shown). This is consistent
with the presence of titanium oxides as observed in
XRD patterns. These grains are present in all the sam-
ples. As the XRD peaks for rutile are only present in
the sample sintered at 1473 K, it probably means that
the peak at 29.3◦ is at least related to some titanium
suboxides.

Another interesting feature is the presence of ran-
domly distributed white areas (Fig. 3a) in samples sin-
tered at 1473 K. EDS analyses show that these white
areas are composed by aggregates containing at least
lanthanum and oxygen (Fig. 3b–d). Therefore, there is
probably a contribution of lanthanum containing com-

Fig. 1 XRD patterns of 5% deficiency pellets sintered at
different temperatures. The marks in the insert point to a
secondary phase of: TiO2 (◦) and Ti9O17 and/or La2(CO3)3
8H2O (+)

pounds to the small 29.3◦ XRD peak. However, as these
areas don’t exhibit significant amount of titanium, the
presence of La2Ti3O9 compound as reported by Singh
et al. [20] can be ruled out. Figure 3b demonstrates that
perovskite grains around these aggregates are smaller
(200–300 nm) than grains not in their vicinity (700 nm–
1.5µm).

The sample sintered at 1573 K exhibits a similar
kind of microstructure. However, lanthanum compound
aggregates show clear reaction aureole (Fig. 4a). The
perovskite grains around the lanthanum compound
aggregates exhibit a “core-shell like” microstructure
(Fig. 4b) similar to the one described by Dehkordi
et al. [47] for Pr substituted SrTiO3 samples sin-
tered by SPS at 1673–1773 K for 5 min with a heating
rate of 300 K min−1. It is interesting to note that in
Sr0.95La0.05TiO3 samples prepared by the same meth-
ods, these authors didn’t observe such features. EDS
analyzes clearly show that the rim contains lanthanum
whereas it is not clear for the core. According to Dehko-
rdi et al. [47], Pr was found in both core and rim
but in higher concentration in the rim. However, in
their study, the Pr concentration was usually higher
than the La concentration used in the present study.
Finally, Dehkordi et al. [47] didn’t mention the pres-
ence of titanium oxides but some dark spots on their
SEM images could be attributed to their presence.
Moreover, the perovskite grains around the lanthanum
compound aggregates seem to be slightly larger (300–
800 nm) whereas the size of other perovskite grains
doesn’t significantly change compared to the sample
sintered at 1473 K.

The sample sintered at 1673 K exhibits a differ-
ent kind of microstructure as grain growth starts to
occur. The perovskite grain size is in the range 1–5µm
(Fig. 5a). Therefore, most of the lanthanum compound
aggregates are located inside perovskite grains. More-
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Fig. 2 SEM images of the polished ceramic sintered at 1573 K, a backscattered-electrons (BSE) and b secondary electrons
(SE)

Fig. 3 SEM images of the polished ceramic sintered at 1473 K showing, a the distribution of white areas (BSE image),
b the EDS lanthanum mapping of the same area, c the EDS strontium mapping of the same area, d the EDS titanium
mapping of the same area

over, some grains with “core-shell-like” microstructure
can still be observed. In the sample sintered at 1773 K,
perovskite grains exhibit a size between 2 and 20µm
(Fig. 5b). Grains with “core-shell-like” microstructure
have disappeared and lanthanum compound aggregates
are located inside perovskite grains. Small titanium
oxide grains are always associated with lanthanum com-
pound aggregates, whereas larger ones lie at the bound-
aries of the perovskite grains.

The microstructure of the sample sintered at 1873 K
is similar (Fig. 6a) but with even larger perovskite
grains (6–40µm). Figure 6b shows that the lanthanum
compound aggregates are still well dispersed within the
sample.

Vickers microhardness (Buehler Wilson VH1202) was
measured at room temperature on the polished ceram-
ics. Microindentation measurements with several loads
were performed to determine the constant plateau hard-
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Fig. 4 BSE images of the polished ceramic sintered at 1573 K showing, a the reaction aureole around lanthanum compound
aggregates and b the “core-shell-like” microstructure of the small grains in the vicinity of lanthanum compounds

Fig. 5 BSE image of the polished ceramic sintered, a at 1673 K showing grain growth, lanthanum compound aggregates
inside large perovskite grains, grains with “core-shell-like” microstructure and titanium oxides and b at 1773 K showing
large perovskite grains

Fig. 6 BSE images of the microstructure of the polished ceramic sintered at 1873 K showing, a large perovskite grains
and b the distribution of the lanthanum compound aggregates

ness. The given microhardness value is the average of
six measurements with a load of 0.1 kgf, corresponding
to the constant plateau hardness for the samples for
10 s.

Loland et al. [46] reported that some of their sam-
ples sintered by SPS were brittle and broke into sev-
eral pieces when machined. No similar behavior was
observed in this study, but the hardness of the samples
sintered at 1473 and 1773 K was measured. The later
exhibits a lower hardness compared to the one sintered

at 1473 K, 8.9 and 6.0 GPa, respectively. This could be
related to the lower oxygen content in the sample sin-
tered at 1773 K. However, these values are consistent
with the 7.7 GPa Vickers Hardness reported for pure
SrTiO3 ceramics [48] or the 9.8 to 9.2 values reported
for Tm-substituted SrTiO3 ceramics [49].

In order to evaluate the potential for thermoelectric
applications, a systematic study of the compounds pre-
pared has been undertaken to assess simultaneously
the electrical conductivity and Seebeck coefficient.
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Figure 7a shows the temperature dependence of elec-
trical conductivity (σ) of ceramics sintered at different
temperatures.

For all sintered ceramics, in the whole measuring
temperature range (from 400 to 1000 K), the electri-
cal conductivity σ decreases with increasing tempera-
ture indicating a metal behavior. Moreover, increasing
sintering temperature significantly raises the electrical
conductivity σ of the samples sintered at 1673 K and
above over the whole measuring temperature range (at
400 K, 2×103, 2.5×104 and 8 × 104 S m−1 for the sam-
ples sintered at 1473, 1673 and 1873 K respectively).
The highest value measured in this study is still lower
than the one reported by Acharya et al. for Nb-doped
SrTiO3 + 1% graphite (3.2 × 105 S m−1 at 500 K) [43].

Figure 7b illustrates the temperature dependence of
the Seebeck coefficient for all sintered ceramics. All
samples exhibit a negative value of the Seebeck coef-
ficient over the whole examined temperature range,
indicating n-type conduction. As can be seen from
Fig. 7b, the Seebeck coefficient of the pellets sintered
at 1473 K remains nearly constant (≈ −350µV K−1)
over the whole temperature range, whereas sintering
above 1473 K dramatically decreases the Seebeck coef-
ficient down to −150µV K−1 for the samples sintered
at 1673 K and above. Moreover, increasing the sinter-
ing temperature above 1673 K does not seem to signifi-
cantly affect the Seebeck coefficient value. For metal or
degenerated semiconductors, the Seebeck coefficient is
defined according to the following equation [50]:

S =
8 π2 kb

2

3 e h2
m∗ T

( π

3 n

)2/3

(1)

where n, kb, m∗ and h are the carrier concentra-
tion, Boltzmann constant, effective mass and Planck
constant respectively. Hence, Seebeck coefficient is
inversely proportional to the carrier concentration. It
is difficult to understand clearly the behavior of these
samples properties. Indeed, they are probably related to
the oxygen vacancies created due to high temperature
sintering, but some contribution of the lanthanum con-
centration within the perovskite phase or its amount,
size, nature and/or distribution as well as those of tita-
nium oxide phases could be significant. However, an
interesting feature can be observed for samples sintered
at 1673, 1773 K and 1873 K. Indeed, these three samples
exhibit similar Seebeck coefficient values but increas-
ing electrical conductivities with sintering temperature.
Moreover, since the Seebeck coefficient is inversely pro-
portional to the carrier concentration, this means that
once the temperature exceeds 1673 K, the charge car-
rier concentration is constant. In the same time, as
the electrical conductivity increases, the temperature
of sintering probably leads to an increase of charge
carriers mobility. A similar behavior has been recently
reported by Cao et al. [51] for samples sintered with
green body embedded in sacrificial carbon powder bed.
These authors have attributed such behavior to changes
in the grain boundary properties. It is possible that the

graphite dies and punches used for spark plasma sinter-
ing play a similar role as their sacrificial carbon powder
bed. Srivastava et al. [19] in samples reduced in Ar/H2

for 24 and 48 h and Kovalevsky et al. [38] in convention-
ally sintered Nb-doped A-deficient SrTiO3 also noticed
an increase of charge carriers mobility.

The calculated power factor of the as-sintered ceram-
ics is presented in Fig. 7c, showing a temperature
dependent thermoelectric performance. As reflected by
the electrical conductivity and Seebeck coefficient, the
power factor of studied compounds increases with ris-
ing sintering temperature and the highest recorded
value is 2 × 10−3 W m−1 K−2 at 400 K for the com-
pound sintered at 1873 K. According to the previous
studies [23], owing to their high density, the obtained
ceramics have extremely large electric conductivity
which resulted in high power factors. The experimen-
tal results of this study compared to previous stud-
ies, also using SPS, show a similar behavior of the
power factor as function of the sintering temperature.
In this regard, recent studies have reported, on the
same class of materials , a value close to 1mW m−1 K−2

on (La0.12Sr0.88)0.95TiO3−δ [20], 0.6 mW m−1 K−2 on
Nb doped SrTiO3 [52], 1.2 mW m−1 K−2 on Sr0.8La0.13

Ti0.95Nb0.05O3 [53] and 1.6 mW m−1 K−2 on Sr0.94Ti0.8

Nb0.2O3±δ [34] at 400 K. Consequently, the optimum
sintering temperature for A-site deficient La-SrTiO3

ceramics sintered by spark plasma route is considered
as 1873 K to achieve maximum power factor value. The
power factor observed in this work is among the highest
recorded values to date for oxides near room tempera-
ture [43]. Hence, a short high temperature SPS treat-
ment appears as a good strategy to achieve high ther-
moelectric performance.

The thermal conductivity of the as-sintered ceram-
ics was evaluated and showed in Fig. 8a. Obviously,
it was found that the thermal conductivity decreases
with increasing temperature due to the enhancement
of the phonon–phonon interactions (Umklapp process
[54]). Thermal conductivity does not exhibit a clear
trend versus the sintering temperature: indeed, the low-
est thermal conductivity is measured for the sample
sintered at 1573 K whereas the highest is for the sam-
ple sintered at 1873 K; It is probably due to the fact
that the samples are not pure phase but composites
with varying phases nature, amounts and grain size.
Therefore, many parameters can contribute positively
or negatively to the total thermal conductivity. How-
ever, it seems that the samples sintered at 1673 K and
above exhibit slightly higher thermal conductivity. This
could be due to their higher electrical conductivity and
the larger grains. κL, the lattice part of thermal con-
ductivity (Fig. 8b) calculated using the Wiedemann–
Franz law (κe = σ L T with T the temperature,
L = 2.45 × 10−8 Ω K−2 and κ = κL + κe), clearly
demonstrates that samples sintered at 1573 and 1873 K
exhibit similar values and that the values for other sam-
ples are not significantly different. The thermal con-
ductivities of the samples sintered at high temperature
are higher than those reported for A-deficient conven-
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Fig. 7 Temperature dependence of a electrical conductiv-
ity, b Seebeck coefficient and c Power factor for the 5%
A-site deficiency La-SrTiO3 ceramics sintered at different
temperatures

Fig. 8 Temperature dependence of the thermal conductiv-
ity (a) and lattice thermal conductivity (b) for the 5% A-site
deficiency La-SrTiO3 ceramics sintered at different temper-
atures

tionally sintered samples [35,53] but similar to those
reported by Singh et al. [20] for samples with microme-
ter grains sintered by SPS. These results are consistent
with Loland et al. [46], who didn’t observe significant
effect of the rutile phase on thermal conductivity.

The calculated ZT values of the as-sintered ceramics
are shown in Fig. 9. One can see a significant improve-
ment on ZT values with respect to sintering temper-
ature. The figure of merit was increased by approxi-
mately tenfold than the one sintered at 1473 K. Owing
to the increase in the power factor, the ZT value was
enhanced.
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Fig. 9 Temperature dependence of ZT value for the 5%
A-site deficiency La-SrTiO3 ceramics sintered at different
temperatures

Furthermore, the highest ZT ranging from 0.1 to
0.2 was achieved at low temperature (at 400 K), for
(Sr0.95La0.05)0.95�0.05TiO3 compound sintered at 1873 K
and remains almost constant in the whole measur-
ing temperature range. Considering the A-site defi-
ciency, and comparing with previous studies, one can
see that the obtained results reveal a good agreement.
For example, in the work reported by Lu et al. [35] and
Azough et al. [55], the highest ZT value (0.2) at 800 K
have been achieved for Sr0.84La0.1TiO3−δ. Similarly, for
Singh et al. [20], the highest ZT value (0.2) at 800 K was
recorded for (Sr0.88La0.12)0.95TiO3. This study clearly
shows that the higher the sintering temperature, the
higher the thermoelectric properties. Moreover, it has
been shown that using a one step 10 min short SPS
treatment leads to similar properties as a several-hours
sintering step and a several-hours reducing atmosphere
annealing step.

4 Conclusion

(Sr0.95La0.05)0.95�0.05TiO3 ceramics were prepared by
solid state reaction and sintered by spark plasma sin-
tering at different temperature ranging from 1473 to
1873 K for 10 min. The thermoelectric properties show
that sintering at temperatures higher than 1773 K
allows reaching high thermoelectric properties similar
to the ones obtained after annealing at high tempera-
tures in H2/N2 for several hours. Therefore, the 10 min
short SPS process at high temperatures described in
this paper is an easy, cheap, fast, and one step route to
dense and efficient SrTiO3-based thermoelectric ceram-
ics. The microstructure observations by SEM show that
titanium oxide phases are present as well as some lan-
thanum compound aggregates. Therefore, the 5% La
substitution that usually exhibits the best thermoelec-
tric properties for SrTiO3 is probably not the most

appropriate concentration for A-vacancy-Sr-titanates
sintered by this process and further studies to find the
optimum thermoelectric properties have to be under-
taken.
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