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Abstract SrSnO; was synthesized by the polymeric
precursor method with elimination of carbon in oxygen
atmosphere at 250 °C for 24 h. The powder precursors
were characterized by TG/DTA and high temperature
X-ray diffraction (HTXRD). After calcination at 500, 600
and 700 °C for 2 h, samples were evaluated by X-ray
diffraction (XRD), infrared spectroscopy (IR) and Rietveld
refinement of the XRD patterns for samples calcined at
900, 1,000 and 1,100 °C. During thermal treatment of the
powder precursor ester combustion was followed by car-
bonate decomposition and perovskite crystallization. No
phase transition was observed as usually presented in lit-
erature for SrSnO; that had only a rearrangement of SnOgq
polyhedra.
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Introduction

Alkaline earth stannates, with the general formulae
ASnO3; and A,SnO4 (A = Ca, Sr and Ba) present very
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interesting properties as recently showed [1-3]. These
compounds have been receiving more attention in recent
years, as components of ceramic dielectric elements.
Strontium stannate, for instance, has been used as
humidity sensor [1].

Structure of SrSnQOj is characterized by distorted cubes,
due to the inclination of the octahedra. The coordination
around Sn** does not change, as well as the tridimensional
arrangement of the octahedra [4]. According to literature
data, SrSnOj3; undergoes phase transitions, changing from
orthorhombic to tetragonal and from tetragonal to cubic,
with temperature increase or doping [4, 5].

SrSnO; has been synthesized by different methods: solid
state reaction [3—5] with heat treatment temperature above
1,200 °C, hydrothermal method [2] and polymeric pre-
cursor method [6].

The polymeric precursor method, derived from the
Pechini is characterized by the formation of a high amount
of organic material favoring the formation of carbonates,
especially when alkaline-earth elements are present [6-8].
As a consequence, the elimination of this organic material
is an important factor which can change the short and long
range order.

In this work, SrSnOj crystallization was evaluated as a
function of temperature increase, using thermogravimetry,
differential thermal analysis and high temperature X-ray
diffraction. Characterization by infrared spectroscopy and
X-ray diffraction was also done.

Experimental
The SrSnO; perovskite was prepared by the polymeric

precursor method, as already described in [8]. Tin citrate
was the starting material for the synthesis of the SrSnOs.
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This citrate was obtained using citric acid (99.5%—Carg-
ill) and tin chloride dihydrate (99.9%—Aldrich) [6-8]. A
3:1 citric acid:metal molar ratio was used, besides a 60:40
citric acid:ethylene glycol (99.0%—Vetec) mass ratio.

After de-agglomeration in a 100 mesh sieve, the powder
precursors were milled in an atritor mill, in alcohol media,
at 500 rpm. After sieving and drying, the precursor was
calcined in oxygen atmosphere at 250 °C for 24 h. The
thermal characterization of the precursor was performed by
thermogravimetry (TG) and differential thermal analysis
(DTA), using a TA Instruments—SDT 2960 thermal ana-
lyzer. Samples of about 10 mg were heated at 10 °C min~"
up to 1,200 °C in air atmosphere with a flow rate of
100 mL min~", inside alumina pans.

The crystallization of the perovskite phase was evalu-
ated by high temperature X-ray diffraction (HTXRD) that
was carried out with Cu-Ku radiation and nickel filter on a
SIEMENS D5000 diffractometer equipped with an
Edmund Buehler controllable high temperature thermo-
static chamber. The heating unit consists of a vacuum
heating chamber with a Pt heater, temperature controller to
an accuracy of £1 °C and Pt-PtRh10% thermocouple to
monitor the temperature of the sample during the mea-
surements. The heating cycles were performed under
ambient atmosphere at a constant heating rate of
40 °C min~" up to the soak temperatures of 500, 600 and
700 °C. Once the temperature reached a constant value the
XRD patterns were collected using continuous scanning
mode in the 260 range 40-48° with a scanning speed of
0.02° s~! at a counting time of 2.0 s per step. The total
duration of XRD recording was 26.5 min.

The precursor was also calcined with a heating rate of
10 °C min~" up to 300, 400, 500, 600 and 700 °C for 2 h, in
air atmosphere. The infrared analyses were carried out in a
MB 102 Bomem spectrometer, using KBr pellets, in the range
from 4,000 to 400 cm™". The FT-Raman analyses were done
in a FRS/100/S Bruker spectrometer, using Nd:YAG laser,
with a power of 60 mW, a wavelength of 1,064 nm, 4 cm™" of
resolution, in the range from 10 to 1,200 cm” L.

The sample was also calcined between 900 and 1,100 °C,
for characterization using Rietveld refinement of XRD
patterns. For these samples XRD data were collected using
a Rigaku DMax 2500PC diffractometer applying 40 kV and
150 mA with Cu-Ka radiation, graphite monochromator
and rotary anode. In the analysis a 20 range from 10 up to
110° in a step-scanning mode was used, with step width of
0.02° s~! and fixed time of 3 s. The divergence slit used
was fixed at 1° and receiving slit at 0.3 mm. The Rietveld
refinement was conducted by means of the (GSAS) pack-
age—General Structure Analysis System program of Lar-
son and Von Dreele [9, 10]. The peak profile function was
modeled using a convolution of the pseudo-Voigt with the
asymmetry function described by Finger et al. [11].

@ Springer

Results and discussion

The TG and DTA curves of the powder precursor are
presented in Fig. la and b. In TG curves three thermal
decomposition steps were observed while DTA curves
showed six transitions. At the first step, water and gases
adsorbed on the powder surface were eliminated, with an
endothermic transition. The second step was assigned to
the combustion of the organic material between 300 and
570 °C with exothermic transitions in the DTA curve. Two
endothermic transitions were observed in the DTA curves
at 650 and 710 °C, with and exothermic peak between
them. The last endothermic peak was observed at about
1,091 °C [12].

The elucidation of this behavior was done associating
thermal analysis with IR spectroscopy (Fig. 2) and
HTXRD (Fig. 3).

In the IR spectra of the sample calcined at 300 °C
(Fig. 2), bands were observed at 1630, 1574, 1488, 1389,
1088, 850, 770 and 600 cm™'. The band at 1,630 cm™"'
was assigned to presence of water. Bands at 1,547 and
1,389 were assigned to chelated esters [13]. The intensity
of these bands decreased when heat treatment temperature
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Fig. 1 TG (a) and DTA (b) curves of the SrSnO3 precursor
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Fig. 2 Infrared spectra of SrSnOj; calcined at different temperatures.
(a) 250 °C; (b) 300 °C; (c) 400 °C; (d) 500 °C; (e) 600 °C; (f) 700 °C
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Fig. 3 HTXRD patterns of the SrSnOs, at different temperatures.
Legend: *—SrSnO;; Pt—platinum sample holder

increased. These results indicated that the exothermic
peaks between 300 and 570 °C were due to the ester
combustion.

Bands at 1770, 1488, 1088 and 850 cm~! were assigned
to strontium carbonate [13, 14]. The formation of this
phase occurred after calcination at 400 °C, increased up to
500 °C and decreased at higher temperatures. Comparing
to DTA curve, the endothermic peaks at 650 and 710 °C
were assigned to carbonate decomposition.

The vibrations of the stannate group (SnO5%7) are
observed as high intensity bands in the ranges of 300—-400
and 600-700 cm ™! [15, 16]. The stretching vibration of the
Sn-O bond is located at about 530 cm~' [14]. In the
present work, these bands were observed at about
674 cm™" with a shoulder at about 535 cm™' and another
band starting at about 400 cm™'. The definition of these
bands occurred after calcination at 700 °C. This result
indicated that the exothermic peaks observed at 668 and

680 °C in DTA curve may be due to the SrSnO;
crystallization.

The HTXRD patterns are presented in Fig. 3. The
material was amorphous up to 600 °C and crystalline at
700 °C. This result was in agreement to infrared spectra
and indicated that short and long-range ordering occurred
simultaneously. It can be concluded that the previous
assignment of the exothermic peaks at 668 and 680 °C to
perovskite crystallization was correct. These correlations
show the importance of the thermal analysis in the under-
standing of the transformations that occur during the heat
treatment of the materials, being also possible to evaluate
the crystallization process [12].

Evaluation of the endothermic peak at 1,090 °C was
done using Rietveld refinement of the XRD patterns of
samples calcined between 900 and 1,100 °C (Fig. 4). The
structural parameters and the amounts of the different
phases are presented in Tables 1 and 2, respectively. SnO,
precipitation with cassiterite structure was observed in all
samples. SrCO; was not observed, confirming that the
endothermic peak at 710 °C in the DTA curve was cor-
rectly assigned to the strontium carbonate decomposition.

Analysis of the refinement index (Table 1) indicated thata
good fit was obtained for all calcination temperatures.
Except for the Xz values, the refinement indexes were
maintained in a small variation range and with low values
indicating the fit quality. The high values of the y* parameter
were due to the secondary phase (SnO,), which was the only
one with relatively high y* values. The GSAS program
provides only the Rg values individually in a coexistence of
phases. By comparing the R indexes depicted in Table 2, it
was verified that the SnO, phase presented the highest val-
ues, which increased for samples heat treated at higher
temperatures. This fact can be attributed to the low resolution
of the SnO, diffracted peaks due to minor quantity of this
phase (mass amount less than 1.5%), prejudicing the fit
quality for this phase. On the other hand, low Rg values were
obtained for SrSnOs, assuring the fit quality in the perovskite
evaluation.

According to literature, different structures are usually
observed for SrSnOj; [1-7]. According to Glerup [12], three
high temperature structural phase transitions were identi-
fied in the perovskite SrSnO; using differential scanning
calorimetry and dilatometry, with subsequent character-
ization using high-resolution neutron powder diffraction.
For synthesis using solid state reaction, SrSnOj; is ortho-
rhombic between 25 and 634 °C, space group Pmcn, before
undergoing a continuous phase transition to a second
orthorhombic phase with space group Incn. At 800 °C
there is a first order phase transition to a tetragonal phase
with space group [4/mcm before finally transforming to the
aristotype phase at 1,021 °C. All these transitions are
presented in Eq. 1.
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Table 1 Results of the Rietveld refinement for SrSnO5; (Pmcn)
Temp/°C Lattice paLrameters/;\3 Unit cello Rgrage/ % R, /% RWP/% CHI?
volume/A*
a b c
900 8.07274 571122 5.71251 263.422 1.68 4.47 6.34 2.84
1,000 8.07649 5.70882 5.71109 263.322 1.95 3.92 5.77 2.29
1,100 8.07316 5.71157 571157 263.296 1.78 4.48 7.36 3.75

Table 2 Phase amount, in mass percentages

Temperature/°C  SrSnO5/%  RFg5n03/%  SnO0yx/%  RFg,00/%
900 98.51 2.19 1.49 3.25
1,000 98.56 2.34 1.44 5.62
1,100 98.64 2.96 1.36 13.57

800 °C 900 °C 1,000°C -
Pmen — Incn — 14 /mem "—  Pm3m (1)

In the present work, Rietveld refinement indicated that
SrSnO; had an orthorhombic structure with space group
Pmcn at all heat treatment temperatures. This same space
group was reported by Glerup et al. that synthesized
SrSnO; by solid state reaction, but only after calcination at
800 °C [12]. In the present work, the phase transition was
not observed. This may be related to the difference in the
defect formation when samples are synthesized by solid
state reaction or by a soft chemical method.

@ Springer

Typical Rietveld analysis outputs are described in
Fig. 4a—c for the quality evaluation of the fitting. It can be
observed that the difference between calculated and
observed patterns decreased with increasing temperature.
This fact was easily visualized at about 31.6°, which cor-
responded to the mainly reflection of the SrSnO; phase.
This result indicated that an improvement in the ortho-
rhombic crystalline arrangement occurred with increasing
calcination temperature.

Small variations were observed on the a, b and ¢ lattice
parameters; a decrease in cell volume was observed with
increasing temperature probably due to the influence of the
decrease in the ¢ parameter.

These results indicated that the endothermic peak at
about 1,091 °C in DTA curve (Fig. 1b) was not assigned to
a phase transition, being probably related to a structural
rearrangement among SnQOg polyhedra in the orthorhombic
perovskite.
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Conclusions

SrSnO; was synthesized by the polymeric precursor
method, with orthorhombic structure at all calcination
temperatures. TG curves of the powder precursors dis-
played three thermal decomposition steps, while DTA
curves showed six transitions. The elucidation of this
behavior was done associating thermal analysis with IR
spectroscopy, HTXRD and Rietveld refinement of the
XRD patterns of samples calcined between 900 and
1,100 °C. The first step was assigned to the elimination of
water and gases adsorbed on powder surface. Infrared
spectra confirmed that the second step was assigned to the
ester combustion. Evaluation of the third transition was
done using infrared spectra and Rietveld refinement, being
assigned to the decomposition of strontium carbonate, with
two endothermic peaks in the DTA curves. The exothermic
peak around 670 °C was determined considering the
infrared spectra and HTXRD patterns, being assigned to
perovskite crystallization. Rietveld refinement indicated
that the last endothermic peak at about 1,091 °C was
assigned to a structural rearrangement among SnOg¢ poly-
hedra, not being related to phase transition.
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