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Synthesis by a solid state reaction of the Sr ;AlsO,,SO, compound
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The synthesis and formation of Sry;Al;O,SO; in the system SrCO;-Al,O3;-SrSO, has been studied in the range of temperatures
from 800 °C to 1400 °C using X-ray diffraction, thermo gravimetric, differential thermal and scanning electron microscopy
analysis. Pellets of a mixture of 3 : 3 : 1 molar ratio of reactive grade AL, O;, SrCO; and SrSO, respectively were prepared, by
solid state sintering, the reactive powders were thoroughly mixed under high energy ball-milling, uniaxially pressed into
cylindrical samples and pressureless-sintered. Additionally the densities of some samples that were heat treated for 10 h at
1200, 1300 and 1400 °C were determined by the Archimedes method. The powder mixture was analyzed by TGA and DTA
from room temperature to 1200 °C. XRD patterns indicated the formation of Sr;ALO4 and SrAl, O, as intermediate phases
that nearly at the end of the process reacted with SrSO, to form Sr,Al;0;,SO,. The formation of Sr,Al;0;,SO, was complete
at 1150 °C as XRD and DTA analysis indicated. An increase in the heat treatment time promotes the formation of Sr;Al;0,SO,
at lower temperatures. The SryAlO0,SO, powders were composed of spherical particles of small agglomerates. Results of
density measurement indicated that only 80% of the theoretical density was reached for a treatment at 1400 °C of 10 h, which
indicated the difficulty to obtain a dense material.
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Introduction formation of the Sr;Al;0,,SO, compound using mixtures
of SrCO, Al,O; and SrSO, sintered at 1200 °C for 20 h
Mexico is one of the main worldwide producers of has also been reported [10]. Teoreanu et al. [11] have
celestite (SrSOy). There are several strontium compounds reported the formation of this compound at temperatures
obtained from celestite such as carbonates, sulphides and between 1350 and 1400 °C where a strontium aluminate
oxides [1]. Strontium carbonate is widely used as a com- (SrAl,O4) was formed at 1000 °C as a transitory phase. In
ponent in several applications such as; pyrotechnics com- all of these studies information about the synthesis steps,
pounds [2], anti-corrosive paints, aluminum alloys [3], the effect of heat treatment time and morphology of the
permanent magnets and TV screens [4]. Recently the phases were not reported. In this study the synthesis of
increase in the fabrication of plasma screens has reduced Sr;Al;01,SO, as a function of the heat treatment time was
the demand for SrCO;, therefore an interest in the diver- studied as well as the morphology of the phases formed.
sification of the use of strontium compounds has been
enlarged, and such is the case of strontium aluminates. Experimental
These strontium aluminates have several applications such
as luminescence pigments [5-6] and CO, sensors in the The requisite amounts of grade reactive Al,O;, SrCO;
range from 800 to 1000 °C [7]. Some of these compounds and SrSO, to form Sr;AlsO;,SO, were prepared. The mixture
have potential applications as refractory materials since was homogenized in plastic jars with acetone and alumina
they are corrosion resistant at high temperatures [8]. There balls by spinning for 4 h. The mixture was dried at 60 °C
are some other strontium compounds that have not been for 24 h. After drying the mixture was ground in a mortar
properly studied. Information about the synthesis of to disintegrate agglomerates. Disk pellets of 3 and 20 mm
Sr;Als01,S0; is scarce and there are some discrepancies in diameter were made by uniaxial pressing at 100 MPa.
in the studies until now developed. The formation of a The samples 20 mm in diameter were heat treated from

mixture of SryAls01,SO, and CasAlq0;,SO, has been 800 to 1400 °C for time periods of 6 and 10 h in a tubular
reported when mixtures of CaCQO;, SrCOs, CaSO42H,O furnace (Thermolyne 54700). In order to study the evolutions
and Sr(NOs;), are sintered at 1350 °C for 24 h [9]. The of densification of the compound, the density was deter-
mined by the Archimedes method in pellets of 20 mm in
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30 mA. A scanning speed of 0.10° 2 Omin™' and a step
size of 0.02° were used to examine the samples in the
range of 10-80° 26. The crystalline phases were identified
by means of the JCPDS-International Centre for Diffraction
Data. The samples were cross sectioned and polished using
SiC grinding media from 80 to 2400 grit size. Then the
samples were polished using a 1 um diamond paste, finally
the samples were carbon coated and analyzed by scanning
electron microscopy (Philips XL30/ESEM). A powder
sample of the mixture was analyzed by thermal gravimetric
analysis (Perkin-Elmer ATG-7) from room temperature
to 1200 °C at 10°Cminute™". Pellet disks of 3 mm of diameter
were analyzed by differential thermal analysis (Perkin-
Elmer 1700) from room temperature to 1200 °C at 10,
5 and 3°Cminute™ (Curve B, C y D).

Results and Discussion

Fig. 1 shows a thermal gravimetric analysis (TGA) curve
for the mixture of SrCO;-Al,03-SrSO,. It can be observed
that there is a 14.5% weight loss between 750 and 1050 °C.
This weight reduction corresponded to the decomposition
of SrCO; to SrO and CO,.

Fig. 2 shows the results of differential thermal analysis
(DTA) for the powder and disk samples of the SrCO;-ALO;-
SrSO, mixture from room temperature to 1200 °C. An exo-
thermal peak was observed between 840 and 860 °C for all
the samples at different running conditions (A: powder
sample at 10°Cminute™, B: pellet sample at 10°Cminute™’,
C : pellet sample at 5°Cminute™ and D: pellet sample at
3°Cminute™"), which corresponds to the thermal decompo-
sition of SrCO; as is indicated in the TGA curve. In the
same figure a change in slope is observed for all the running
conditions at about 1100 °C, this slope is more pronounced
for the pellet samples and for the low heating treatments. For
the curves C and D (pellet samples at 5 and 3°Cminute™,
respectively) two extra peaks are observed, the first
corresponds to an exothermic peak between 1105 and
1120 °C. The second peak corresponds to an exothermal
peak at 1150 °C.

102

100 750°C

98 4

10500C

200 400 600 800 1000 1200
Temperature, °C

Fig. 1. TGA curve for a powder sample of a mixture of SrCOs-
ALO3-S1SO, heat treated at 10°Cminute™.
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Fig. 2. DTA curves for samples or a mixture of SrtCO;-ALO5-SrSO,.
(A) correspond to powder sample at 10°Cminute™; (B), (C) and (D)
correspond to pellet samples at 10, 5 and 3°Cminute™", respectively.

6 6 6

s 6% | 661 6666 66656 666 6  1150°C

6 6

3 6616 66 66 6 4 45 5 1100°C

4

6
6 6 a
a%5a] 255>1%6 66) 6 Y6 65 266 223 1 1000°C

4

1
21 1 2
3 456|!;33| > A33| 24 j? 113 433122 134, 900%C

¥ 34, 21 la1 2
alg3 33344, 2 311 131142 11421 goo°c

T . T ' T T T T ' T i T '
o 10 20 30 40 50 (1] 70 80 a0

20

Fig. 3. Xray patterns for samples heat treated at several temperatures
for 6 hours. 1 : SrCO;, 2 : ALOs, 3 : SrSOy, 4 : Sr;ALOg, 5 - StALO,
and 6 : Sr4A16012804.

Fig. 3 shows the X-ray diffraction (XRD) patterns for
samples heat treated from 800 to 1150 °C for 6 h. The
sample sintered at 800 °C mainly shows the presence of
the initial raw materials and the formation of a strontium
aluminate (Sr;A1,Og) was detected. As the temperature was
increased (900 °C) the intensity of the peaks corresponding
to the Sr;Al,Oy increased and small peaks corresponding
to the formation of Sr,Al;0,,SO, were detected At 1000 °C
and increase in intensity of the peaks corresponding to
the Sr;ALOg and Sr;AlsO0,SO,, was observed the formation
of SrAl,O, was detected as has been reported in the
literature [9]. As the temperature was increased the peak
intensities corresponding to strontium aluminates decreased
(1100 °C) and the peak intensities for the strontium
sulfoaluminate increased, finally at 1150 °C Sr;Al40,,SO,
was detected as a pure phase. These results showed that
two strontium aluminates were formed as transition phases
during the formation of the compound Sr;Al¢O1,SOy,
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Fig. 4. Xray patterns for samples heat treated at several temperatures
for 10 hours. 1 : SrCOs3, 2 : Al,O3,3 : SrSO4, 4 : Sr;ALOg, 5 : StALO,
and 6 : Sr4A15012504.

which is formed simultaneously.

Fig. 4 shows the XRD patterns for the samples heat
treated from 800 to 1150 °C for 10 h. The XRD patterns
showed only a slightl difference compared to the samples
heat treated for 6 h. With a longer period of time the
SryAls01,S0, compound starts to form at a lower tem-
perature (800 °C), and as the temperature was increased
the peak intensities corresponding to Sr;Al,O4 decreased
in comparison with samples heat-treated for 6 h. The
Sr;AlL,Og was not detected at 1100 °C while it was present
for the treatment for 6 h. Longer periods of heat treatment
allow the reaction to take place. The reaction is complete
at 1150 °C for the treatments for 6 and 10 h. The results
of XRD show that two strontium aluminates were formed
between 900 and 1000 °C, however DTA analysis did not
demonstrate any peaks that correspond to the formation
of these compounds. Therefore the first slope can be
related to the reaction of Sr;Al,Og to form SryAlsO,,SO,
and the peak observed around 1120°C can be related to
the reaction of the SrAl,O,4 to form Sr;Alq0,,SO,. The
peaks located at 1150 °C correspond to the formation of
SryAls01,S0;. In this way the reaction steps from the
strontium sulfoaluminate can be written as follows:

At 800 °C, as SrCO; started to decompose it reacts
with alumina to form a strontium aluminate:

3S}’CO3 + A1203 —> SI"3A[203 + 3C02 (1)
At 900 °C the formation of strontium sulfoaluminate started:
3S}’CO3 + 3A1203 + SI”SO4—) S}"4A16012S04 + 3C02 (2)

Between 1000 and 1100 °C the second aluminate stated
to form:

S}"CO3 + A1203 —> SVA1204 + C02 (3)

Finally, between 1100 and 1150 °C the strontium aluminates
reacted to form strontium sulfoaluminate:

S}"3A1206 + 2141203 + S}"SO4—) SF4AZ5012S04 (4)

3SFA1204 + SI”SO4—) SV4AI6012504 (5)

Fig. 5 shows the scanning electron microscopy (SEM)
analysis for a typical sample of the mixture of SrCO;-
ALO;3-SrSO,, heat treated at 1000 °C for 6 h. Fig. 5a shows
an EDS analysis carried out on the spherical particles,
according to the semi quantitative analysis they correspond
to Sr;ALOg (Sr:63.7%, Al:13.07%, O :23.25%). Fig. 5b
shows the EDS analysis realized in different phases that
coexist in the microstructure of the sample. Spherical
particles correspond to Sr;Al,O4 as has been commented,
a second phase found in the microstructure corresponds
to SrALLO, (Sr=42.60%, Al=26.24%, O =31.13%) in
agreement with the EDS analysis. The presence of this
compound was corroborated by XRD analysis as shown
in the Figs. 3 and 4.

Fig. 6 shows micrographs of the SrCO;-Al,03-SrSO,
mixture heat treated at 1100 °C for 6 and 10 h. In Fig. 6a
semispherical particles can be observed formed by agglom-
erates that correspond to SryAlO1,SOg (St :43.8%, Al :
20.21%, O :31.9%, S : 3.9%) according to the EDS analysis.
As the heat treatment time is increased it was observed
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Fig. 5. Compounds found in a sample sintered at 1000 °C for 6
hours. 4 : Sr;AlLOg, 5 : StALO4 and 6 : SryAlsO01,SO04.
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Fig. 6. Compounds found in samples sintered at 1100 °C for 6
and 10 hours. 6 : SryAls01,SOy,.
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a neck growing typical of an intermediate stage of sintering
was observed (Fig. 6b). It appeared that a glassy phase
was formed between particles.

The maximum density obtained for a sample that was
sintered at 1400 °C for 10 h was 2.886 grcm™, which is
about 80% of the theoretical density. The values of density
for samples sintered for 10 h at 1200 and 1300 °C were
2.779 and 2.82 grem™, respectively, these density values
indicate that the densification of this material is difficult
to achieve, probably because during sintering there is
competition between the reaction of formation of the
desired product and densification of the same.

Conclusions

The Sr,Als0,,SO, was synthesized by a solid state reaction
after a heat treatment of 1150 °C for 6 and 10 h. Two
transition phases Si3ALOg and SrAL,O, were formed during
the heat treatments and reacted with SrSO, at the end
of the process to form Sr;Als0;,SO,. The morphology of
the Sr;AL O corresponds to spherical particles (1-2 um);
the SrAl,O, showed an indefinite form (5-10 pm) and
the Sr;AlgO1,SO; corresponds to spherical particles formed
of agglomerates of small particles (5-10 pm). The maximum
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density obtained corresponded to 80% of theoretical for
a sample sintered at 1400 °C for 10 h.
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