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Abstract: Strontium titanate (STO) photocatalysts were prepared via a slightly modified Pechini
sol–gel method. A unique rapid calcination technique with a short exposure time was used to
obtain crystalline products. The samples were characterized by X-ray diffractometry, scanning
electron microscopy, diffuse reflectance spectroscopy, infrared spectroscopy, nitrogen adsorption–
desorption measurements, and X-ray photoelectron spectroscopy. Their photocatalytic activity
was evaluated by the photocatalytic oxidation of phenol, oxalic acid, and chlorophenol under UV
light irradiation using commercial STO as a reference. These pollutants, together with glucose and
propanol, were used to investigate the stability of the samples against various functional groups.
All our samples exhibited higher photocatalytic activity than the commercial STO reference. With
increasing calcination temperature, the crystallinity and primary crystallite sizes increased while
the band gaps and specific surface areas decreased. The photocatalytic activity of the most efficient
sample was explained by the presence of SrCO3 on its surface. The STO catalysts were highly stable
as they largely retained their crystalline composition after exposure to chemicals with different
functional groups. Finally, we compared the costs associated with the unique calcination technique
with a more conventional one and found that our method is ~35% more cost-effective.

Keywords: strontium titanate; photocatalysis; sol–gel; rapid calcination; functional groups; stability

1. Introduction

Strontium titanate (STO) is a perovskite-type photocatalyst with a band gap of 3.2 eV
and a promising candidate for water splitting [1,2] and photodegradation of organic pollu-
tants [1–4]. It has advantages, such as low cost, high photocatalytic activity, photocorrosion
resistance, and nontoxicity. The main drawback of STO is that it can absorb only a lim-
ited range of solar energy (approximately 5%) due to its wide band gap. The relatively
wide band gap restricts its application for photocatalytic degradation under UV light [1,5].
Therefore, most of the studies have focused on the modification of STO by techniques, such
as anion doping [6–8], metal doping [9,10], generating oxygen deficiencies [11], noble metal
deposition [12], composite preparation [13], and dye sensitization [14].

The most common ways to synthesize STO include reverse microemulsion, carbon-free
combustion, hydrothermal, polymeric precursor, and sol–gel methods [15,16]. Among these
techniques, the sol–gel method has drawn the interest of researchers due to its simplicity
and high flexibility [16,17]. The Pechini method is a sol–gel technique widely used to
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obtain highly pure oxides [18,19]. On the other hand, the preparation of perovskites by
sol–gel techniques requires a costly calcination step at a high temperature [20]. Calcination
temperature has a strong influence on the physical–chemical properties of photocatalysts.
Jia et al. investigated the effect of calcination temperature on the properties of doped
STO photocatalysts and found that their stability and photocatalytic activity are strongly
influenced by it [5]. Despite the research on the sol–gel synthesis of STO, several aspects
remain unclear, such as the influence of calcination parameters on photoactivity. It is known
that calcination influences primary crystallite size, specific surface area, and crystallinity
to a great extent, while it can modify other parameters such as morphology and band
gap [21,22]. Calcination offers an efficient and controllable way to crystallize amorphous
materials; however, this simple characteristic is rarely investigated [17,22,23]. Using bare,
non-modified STO prepared with optimal calcination parameters could result in more
economical catalysts while maintaining their relatively high photoactivity [17].

In most cases, the focus of research is achieving as high a photocatalytic activity as
possible. However, for practical applicability, preparing photocatalysts that are stable is
equally as important [24–27]. To the best of our knowledge, the stability of STO against
pollutants of various functional groups has not been investigated so far.

In this paper, non-modified STO photocatalysts were prepared by applying a unique
rapid heat treatment technique at different temperatures. The effect of this calcination
method on the properties of the samples was studied. Their photocatalytic activity for
phenol, chlorophenol, and oxalic acid degradations under UV irradiation, as well as their
stability against compounds of various functional groups, were investigated. Finally, the
economic benefits of the calcination method applied in this work were also evaluated.

2. Results and Discussion
2.1. Characterization of the Photocatalysts

After carrying out the synthesis, a pale yellow xerogel was obtained. A thermal
gravimetric (TG) measurement was carried out to determine the minimum temperature
required for calcination. No mass loss was observed past 600 ◦C (Figure S1). Therefore,
calcination temperatures between 600–1000 ◦C were used to prepare the STO samples by
the rapid heating short exposure (RHSE) technique.

Figure 1 shows the X-ray diffraction (XRD) patterns of our own and commercial STO
samples. The XRD patterns at 22.7◦, 32.3◦, 39.9◦, 46.5◦, 57.7◦, and 67.7◦ 2θ degrees were
attributed to the (100), (110), (111), (200), (211), (220), and (310) crystallographic planes
of STO (JCPDS 35-0734), respectively [28]. The reflections at 25.1◦, 25.7◦, 29.1◦, 36.5◦,
and 44.1◦ could be ascribed to the (111), (021), (002), (130), and (132) crystallographic
planes of SrCO3 (JCPDS 05-0418), respectively [29–32]. As expected, the primary crystallite
sizes (Table 1) increased in accordance with the calcination temperature. They varied
between 15.6 nm (STO_RHSE_600) and 35.9 nm (STO_RHSE_1000). The broadening of
diffraction peaks obtained at relatively lower calcination temperatures can be attributed to
the relatively small size of the STO crystals [33]. The degree of crystallization also increased
with increasing temperature, as demonstrated by the higher peak areas.

The results of the nitrogen adsorption measurements are summarized in Table 1. As
expected, the specific surface areas decreased significantly with increasing calcination
temperature. This result is in good accordance with the increasing primary crystallite sizes.
Commercial STO_Ref had the highest crystallinity but the lowest specific surface area.

The results of scanning electron microscopy (SEM) measurements are shown in
Figure 2. The STO_RHSE samples were polycrystalline containing plates, rods, and other
shapeless particles and could not be characterized with a well-defined morphology. They
assembled into aggregated structures, resulting in a polydisperse size distribution.
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Figure 1. XRD patterns for commercial STO reference and STO samples calcined at different temperatures.

Table 1. Average crystallite size, specific surface area, band gap, and reaction rate for model pollutants
of the investigated STO samples.

Sample Name Crystallite Size
(nm)

Specific Surface Area
(m2 g−1)

Band Gap
(eV)

1 TORS (µmol·m−2·h−1)

Phenol Oxalic Acid Chlorophenol

STO_RHSE_600 14.7 54.5 3.25 1.4 3.3 1.9
STO_RHSE_700 18.7 42.9 3.23 1.5 3.6 2.3
STO_RHSE_800 22.6 36.3 3.23 2.2 3.6 2.1
STO_RHSE_900 26.5 18.7 3.22 1.2 2.6 2.0
STO_RHSE_1000 33.1 4.3 3.20 8.1 1.2 5.2

STO_Ref 39.2 2.1 3.25 1.8 9.6 2.0
1 Turnover rate.
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Figure 2. SEM micrographs of commercial STO and STO photocatalysts calcined at various temperatures.
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The absorbance (Figure 3a) and first-order derivative (Figure 3b) diffuse reflectance
(DR) spectra of the samples were recorded to investigate optical properties and calculate
band gap values. The latter ranged from 3.20 to 3.25 eV. A red shift could be observed as
the band gap energies expressed in wavelengths increased with increasing calcination tem-
perature. This phenomenon was already observed in our previous publication [24] and the
literature [1] for TiO2. Since the difference in the band gap values of the samples (including
STO_Ref) is rather small, it will presumably not affect photocatalytic activity significantly.
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Figure 3. DR (a) absorbance and (b) first-order derivative spectra of the STO_RHSE and STO_Ref samples.

2.2. Photocatalytic Activity Measurements

The photocatalytic activity of the samples was evaluated via the photocatalytic ox-
idation of different model pollutants, including phenol, chlorophenol, and oxalic acid
(Figure 4). The surface normalized turnover rates (TOR) were also calculated and in-
cluded in Table 1. Before turning on the lamps, the photocatalysts were stirred in the
dark to reach adsorption–desorption equilibrium. No adsorption was observed for phenol
and chlorophenol, while the degree of adsorption was less than 5% for oxalic acid. Our
STO_RHSE samples were significantly more effective at degrading them than the commer-
cial STO reference. The observed photoactivity order for the STO_RHSE samples generally
was in good accordance with the XRD results. With decreasing calcination temperature,
the decreasing primary crystallite sizes and increasing specific surface areas predominantly
resulted in better conversions; however, the trend was not completely regular. Due to the
large crystallite size and small specific surface area, the STO_RHSE_1000 sample was the
least efficient in all cases. STO_RHSE_700 was found to be overall the most efficient as it
decreased the concentrations of phenol, chlorophenol, and oxalic acid by 23%, 36%, and
55%, respectively. This result was somewhat unexpected due to the photoactivity order
otherwise correlating reasonably well with the specific surface areas. Similar findings were
reported by Chen et al. [34]. They prepared STO samples via a sol–gel method, calcined
them at 600–800 ◦C, and investigated their efficiency for NOx degradation. They found
that the most efficient STO was the one calcined at 700 ◦C; however, they did not provide
an explanation for this peculiar behavior. Based on the XRD, SEM, DR, and nitrogen
adsorption results, it can be concluded that the reason for the highest photoactivity of
STO_RHSE_700 must be surface related; therefore, X-ray photoelectron spectroscopy (XPS)
and infrared (IR) spectroscopy measurements were carried out to clarify this issue.
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Figure 4. Degradation curves for: (a) phenol; (b) oxalic acid; (c) chlorophenol.

2.3. XPS and IR Measurements

To investigate the cause of the high photoactivity of STO_RHSE_700, first, its Ti
2p spectrum was recorded (Figure 5a). The presence of Ti4+ was detected (at 458.2 and
463.9 eV) [35–37], while Ti3+ could not be observed, as expected. The absence of Ti3+

can be attributed to the syntheses being carried out under non-reductive conditions, as
synthetic air was constantly introduced during calcination. Second, the Sr 3d spectrum
was considered (Figure 5b). Strontium, an alkaline earth metal, rarely changes its oxidation
state (2+). Accordingly, the peaks at 132.8 and 134.6 eV binding energies were ascribed
to the Sr2+ 3d5/2 and 3d3/2 orbitals, respectively [36,37]. Third, the O 1s spectrum was
collected (Figure 5c), in which “Defect_O” represents oxygen species from surface OH
groups and lattice defects, while “Lattice_O” represents oxygen species in the crystal lattice
of STO. The former was observed at 531.4 eV (36.93 at%), while the latter was at 529.2 eV
(63.07 at%) [36,37]. Since the XPS measurements did not yield results that could be used to
explain the high photoactivity of STO_RHSE_700 (such as Ti3+ centers or unique O species),
IR measurements were carried out.

The results of IR measurements are shown in Figure 6. Surface OH groups were
identified based on bands between 1625–1630 cm−1 [24,38]. The band between 520 and
560 cm−1 could be associated with Ti–O [39,40], while the one at 460 cm−1 could be
attributed to TiO6 vibrations [41]. The intensity of these vibrations increased with the
decrease in calcination temperature. The shoulder at 745 cm−1 within the wide band
between 500–900 cm−1 corresponds to Sr–O vibrations [39]. The band at 3400 cm−1 was
attributed to the stretching and bending vibrations of surface OH/H2O groups [24,38]. The
intensity of these bands predominantly decreased with increasing temperature, while the
STO_Ref had the highest intensity for all bands.
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Based on the characterization results shown so far, the reason for the highest pho-
tocatalytic activity of STO_RHSE_700 could not be identified (morphological changes,
band-gap-related differences, or new crystalline phases could not be detected). However,
an interesting change in the evolution of IR bands was observed as a function of tempera-
ture. The signal at ~1475 cm−1 can be attributed to carbonate species [42], more precisely
to SrCO3. This statement was made after considering several alternatives: (i) N-related
species, such as N–H bending vibrations from amides or N–O vibrations in nitro groups;
(ii) sulfur-related species (S=O); and (iii) C–H bending vibrations in aldehydes or methyl
groups. The first two can be excluded because the reactants used for the synthesis did
not contain N or S. The third one can be excluded, too, since the intensity of this band
(for individual methyl groups) is usually very low, even at high concentrations. Moreover,
in our case, XPS measurements cannot clearly identify SrCO3 because: (i) in the O 1s
spectrum, carbonate produces a signal around 531 eV, which overlaps with several oxygen
species; and (ii) in the C 1s spectrum (measured, but now shown) carbonate-specific signals
tend to overlap with C=O signals, which in the present work might originate from the
decomposition of citrate-containing organic matter. Additionally, the carbonate amount is
presumably below 1–2 wt%, making its detection challenging.



Catalysts 2023, 13, 219 7 of 13

Catalysts 2023, 13, x FOR PEER REVIEW 7 of 13 
 

 

The results of IR measurements are shown in Figure 6. Surface OH groups were iden-
tified based on bands between 1625–1630 cm−1 [24,38]. The band between 520 and 560 cm−1 
could be associated with Ti–O [39,40], while the one at 460 cm−1 could be attributed to TiO6 
vibrations [41]. The intensity of these vibrations increased with the decrease in calcination 
temperature. The shoulder at 745 cm−1 within the wide band between 500–900 cm−1 corre-
sponds to Sr–O vibrations [39]. The band at 3400 cm−1 was attributed to the stretching and 
bending vibrations of surface OH/H2O groups [24,38]. The intensity of these bands pre-
dominantly decreased with increasing temperature, while the STO_Ref had the highest 
intensity for all bands. 

 
Figure 6. IR spectra of STO_RHSE and STO_Ref photocatalysts. 

Based on the characterization results shown so far, the reason for the highest photo-
catalytic activity of STO_RHSE_700 could not be identified (morphological changes, band-
gap-related differences, or new crystalline phases could not be detected). However, an 
interesting change in the evolution of IR bands was observed as a function of temperature. 
The signal at ~1475 cm−1 can be attributed to carbonate species [42], more precisely to 
SrCO3. This statement was made after considering several alternatives: (i) N-related spe-
cies, such as N–H bending vibrations from amides or N–O vibrations in nitro groups; (ii) 
sulfur-related species (S=O); and (iii) C–H bending vibrations in aldehydes or methyl 
groups. The first two can be excluded because the reactants used for the synthesis did not 
contain N or S. The third one can be excluded, too, since the intensity of this band (for 
individual methyl groups) is usually very low, even at high concentrations. Moreover, in 
our case, XPS measurements cannot clearly identify SrCO3 because: (i) in the O 1s spec-
trum, carbonate produces a signal around 531 eV, which overlaps with several oxygen 
species; and (ii) in the C 1s spectrum (measured, but now shown) carbonate-specific sig-
nals tend to overlap with C=O signals, which in the present work might originate from 
the decomposition of citrate-containing organic matter. Additionally, the carbonate 
amount is presumably below 1–2 wt%, making its detection challenging. 

The prominent photocatalytic activity of STO_RHSE_700 can be explained based on 
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Figure 6. IR spectra of STO_RHSE and STO_Ref photocatalysts.

The prominent photocatalytic activity of STO_RHSE_700 can be explained based on
the presence of SrCO3. SrCO3 is known to act as a co-catalyst in SrTiO3/SrCO3 systems.
SrCO3 improves charge separation since the photogenerated electrons in the conduction
band of SrTiO3 can be trapped by SrCO3, decreasing the recombination rate and ultimately
increasing photoactivity [26,43]. To calculate SrCO3 content, the Sr–O and Ti–O bands were
used as reference bands (Figure 7a). The photoactivity trend we observed corresponds
reasonably well (Figure 7b) to the ratio of these bands (Ioxide/ICO3). The lowest Ioxide/ICO3
ratio (i.e., the highest carbonate content) was observed for the most efficient STO_RHSE_700
(1.42). The second (1.96) and third (3.75) highest carbonate contents were calculated for
STO_RHSE_600 and STO_RHSE_800, which were the third- and second-best samples over-
all, respectively. Although the quantity of SrCO3 is higher in STO_RHSE_600 (compared
to that in STO_RHSE_800), it is most likely more amorphous due to the lower calcination
temperature. This means that it is less likely to participate in charge separation processes.
STO_RHSE_700 is more crystalline and a higher amount of SrCO3 forms; however, SrCO3
thermally decomposes with increasing calcination temperature.
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Figure 7. (a) Changes of M–O and SrCO3 IR bands as a function of calcination temperature. The spec-
tra were normalized, and a Savitzky–Golay smoothing was applied for the calculations; (b) correlation
between Ioxide/ICO3 IR band ratios and the measured phenol degradation efficiency.
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2.4. Stability Measurements

The stability of our STO_RHSE samples was also investigated against pollutants with
various functional groups, including the already investigated phenol (phenolic −OH),
chlorophenol (–Cl), and oxalic acid (–COOH). Additionally, glucose (–CHO) and propanol
(alcoholic –OH) were also considered. These measurements were carried out by investi-
gating the XRD patterns (Figure S2) and morphology (Figure S3) of the samples after their
exposure to the aqueous solutions of these materials for 4 h. All photocatalysts retained
their crystalline composition against each compound except for oxalic acid (Figure S2).
The peak area of the diffraction at 29.1 2θ◦, attributed to SrCO3, increased. Some new
diffraction peaks were observed with very low intensities, such as the ones at ~31 and ~39
2θ◦, which could be attributed to the (210) and (211) crystallographic planes of Sr(OH)2,
respectively [44]. These differences might be attributed to the relatively high concentration
of oxalic acid (5 mM) we applied, which resulted in a low pH. These measurements were
also carried out at oxalic acid concentrations of 1 mM and 3 mM; however, 16.6 and 13.2%
of oxalic acid were adsorbed in these cases after 30 min, respectively. Due to the irregular
morphology of the samples, the results of SEM measurements were inconclusive (Figure
S3). Based on the SEM micrographs taken after stability measurements, the samples still
consisted of plates, rods, and other shapeless particles; thus, no significant change could be
observed. Based on these results, we concluded that our STO_RHSE samples proved to be
stable against most investigated compounds, except for oxalic acid.

2.5. Cost Efficiency Comparison of Conventional Calcination and RHSE Method

Not only did the STO_RHSE samples have reasonably good photoactivity (while being
stable), but the synthesis method we used was more cost-efficient than conventional calcina-
tion. A calculation was made to compare the energy required to prepare STO_RHSE_700 to
the energy to prepare an STO sample by conventional calcination (i.e., 700 ◦C temperature,
5 ◦C·min−1 heating rate, and 2 h exposure). The calculations were made considering
the following:

• Sample surface of 1 cm2 and depth of 1 mm;
• Heat transfer is achieved via convection (due to the introduction of air);
• Natural convection is neglectable due to the experimental conditions (indicated by the

Nusselt and Reynolds numbers of the system);
• Local heat transfer occurs only on the surface;
• The preparation of STO_RHSE_700 and STO_700 by conventional calcination requires

the same starting materials; thus, chemistry-related issues (enthalpy, entropy, heat
conduction, specific heat capacity, etc.) can be ruled out.

The energy (P) required for the synthesis can be calculated based on the following equa-
tions, where T is the temperature, v is the vectorial sum of the hydrodynamic parameters,
and j is the sum of the intrinsic properties of the material, the latter being 0:

P = ∇(T, v, j) (1)

∇T =
∂T
∂x

+
∂T
∂y

+
∂T
∂z

(2)

For the calculations, the vectorial amount of T was considered. Since the heat transfer
can be regarded as one-directional and the same starting materials were calcined using the
same air flux, the vectorial amount of v is also 0. Hence, power consumption in this case
depends solely on the temperature change during the heat-up phase and the equilibrium
between the settled (i.e., non-changing after reaching 700 ◦C) temperature of the furnace
and airflow. Hence, the integration of the heating curve (t vs. T, where t is the time)
provides the electrical power required for the heat-up phase. The heat loss equation via
convection gives the energy needed to maintain heat at a specific temperature. Moreover, it
should be noted that for all heat treatments and heat efficiency calculations, we considered
the nature of heat transfer and the time required to achieve thermal equilibrium. STO has a
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thermal conductivity of 12 W·m−1·K−1 at room temperature [45] (for reference, steel and
borosilicate glass have thermal conductivities of 44.2 and 1.11 W·m−1·K−1, respectively).
Considering this and that only 400 mg of evenly distributed samples were used for each
calcination, heat equilibrium was reached rather quickly (even if these values decrease with
increasing temperatures), both in the bulk and on the surface. Based on the considerations
presented above, 1120 kW energy is required to prepare STO_RHSE_700 (using the reactant
amounts presented in the experimental section), while 1742 kW is needed to produce
STO_700 by conventional calcination.

3. Materials and Methods
3.1. Materials

Strontium nitrate (Molar Chemicals, Halásztelek, Hungary; Fluka >97%) and tita-
nium(IV) butoxide (Sigma-Aldrich, Schnelldorf, Germany; reagent grade, ≥97%) were
used as STO precursors. Ethylene glycol (VWR Chemicals, Debrecen, Hungary; Reag. Ph.
Eur.) and ultrapure Millipore Milli-Q water (Budapest, Hungary) were used as solvents.
Citric acid (VWR Chemicals, Chemicals, Debrecen, Hungary; Reag. Ph. Eur.) was used
as a chelating agent. Phenol (Spektrum 3D, Debrecen, Hungary; analytical grade), oxalic
acid (Sigma-Aldrich, Schnelldorf, Germany; ≥99%), and chlorophenol (Sigma-Aldrich,
Schnelldorf, Germany; ≥97%) were used for photocatalytic activity measurements. In
addition to phenol, oxalic acid, and chlorophenol, two other compounds, that is, glucose
(VWR Chemicals, Debrecen, Hungary; Reag. Ph. Eur.) and propanol (VWR Chemicals,
Debrecen, Hungary; Reag. Ph. Eur.) were employed to test the stability. Commercial STO
(Alfa Aesar, Kandel, Germany; 99%) was used as a reference.

3.2. Synthesis

The samples were prepared using a slightly modified Pechini sol–gel method based
on the publications of Chen et al. and Lu et al. [34,46]. First, 4.23 g of Sr(NO3)2 was
first dissolved in deionized water and heated slowly under constant magnetic stirring.
Second, 5.76 g of citric acid was added to the mixture (citric acid:strontium cation molar
ratio = 1.5:1). Then, 6.8 mL of titanium(IV) butoxide (Sr:Ti molar ratio = 1:1) was added to
the mixture, which was followed by the dropwise addition of 6.69 mL of ethylene glycol.
The solution was heated at 100 ◦C on a magnetic stirrer for 4 h, then transferred into an
oven (Memmert UNB500) for drying for 15 h at 100 ◦C. Finally, the amorphous product
was collected and dried, and the xerogel was ground in an agate mortar.

As the next step, calcination was carried out based on the publication of Pap et al. [17].
The amorphous powder obtained via the sol–gel process was calcinated by heating in a
ceramic boat placed in a tube furnace (Thermolyne 21100; total length 38 cm, quartz tube
length 64 cm, tube interior diameter 5.5 cm, quartz tube diameter 4 cm). During calcination,
a constant air supply (0.5 L·min−1) was provided. A high heating rate was applied in
three successive steps (60, 20, and 10 ◦C·min−1). As the temperature approached the target
temperature (600, 700, 800, 900, and 1000 ◦C), the heating rate was reduced to prevent the
furnace from overheating. After reaching the target temperature, the samples were kept
at that temperature for 5 min. The materials were named as follows: “STO” stands for
“strontium titanate,” “RHSE” stands for “rapid heating, short exposure,” and the number
corresponds to the temperature applied during calcination.

3.3. Characterization Methods and Instrumentation

XRD measurements were performed with a Rigaku Miniflex II diffractometer (Rigaku,
Neu-Isenburg; Germany) using the following parameters: λCu Kα = 0.15406 nm, 30 mA
and 40 kV, 20–80 (2θ◦) region. The Scherrer equation was used to calculate the average
crystallite sizes of the catalysts based on the full width at half maximum values of the (110)
crystallographic planes [47]. To investigate the morphology of the samples, we took SEM
measurements with a Hitachi S-4700 Type II microscope (Hitachi, Tokyo, Japan) applying
10 kV acceleration voltage. To calculate specific surface areas, we performed nitrogen
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adsorption measurements with a NOVA 3000e device (Boynton Beach, FL, USA) and used
the Brunauer–Emmett–Teller method [48]. To investigate optical properties, we recorded
the DR spectra of the samples with a Jasco-V650 spectrophotometer (Jasco, Tokyo, Japan)
equipped with an ILV-724-type integration sphere. The band gap energies were calculated
from the first-order derivative spectra of the samples. The xerogel was characterized by
TG analysis (TA Instruments TGA Q500, New Castle, DE, USA; 10 ◦C·min−1 heating rate,
0–900 ◦C range) to determine the minimum temperature required for calcination. Before
and after the photoactivity measurements, the IR spectra of the samples were recorded
using a Bruker Vertex 70 device operated in the wavenumber range from 400 to 4000 cm−1,
with a resolution of 4 cm−1. Samples were ground together with KBr and pressed into
thin pellets. XPS measurements were carried out using a Specs XPS instrument (Berlin,
Germany) equipped with an XR50 dual anode X-ray source and a Phoibos 150 hemispherical
analyzer. The Al Kα X-ray source was operated with 150 W (14 kV) power. During the
measurements, sample charging was negated with an electron flood gun. Survey spectra
were recorded using 40 eV pass energy and 1 eV step size, while for the high-resolution
spectra, these values were 20 eV pass energy and 0.1 eV step size.

3.4. Photocatalytic Activity and Stability Measurements

The photo-oxidation activity of the samples was evaluated by using phenol
(c0, phenol = 0.1 mM), chlorophenol (c0, chlorophenol = 0.1 mM), and oxalic acid (c0, oxalic acid = 5 mM)
as pollutants. The photocatalytic experiments were carried out under UV light (λmax = 365 nm)
in a double-walled glass vessel (thermostated to 25 ◦C) which was surrounded by six UV
fluorescent tubes (Vilber-Lourmat T-6L, UV-A, 6 W). Synthetic air was continuously sup-
plied into the suspension during the 4 h long measurements to keep the dissolved oxygen
level constant. The changes in the concentration of pollutants were measured with a
high-performance liquid chromatograph (HPLC) consisting of a Merck Hitachi L-7100
low-pressure gradient pump and a Merck-Hitachi L-4250 UV–vis detector. As eluents, a
50:50 (v/v) methanol/water mixture was used for phenol (λ = 210 nm) and chlorophenol
(λ = 223 nm), and a 19.3 mM sulfuric acid solution was used for oxalic acid (λ = 206 nm).

For some additional measurements, the stability of the RHSE samples against com-
pounds with various functional groups was examined. For this purpose, XRD, IR, and
SEM measurements were repeated after the photocatalytic activity measurements with
phenol (phenolic –OH group), chlorophenol (–Cl group), and oxalic acid (–COOH group).
Propanol (alcoholic –OH group) and glucose (–CHO group) were also included in the
stability tests.

4. Conclusions

The effect of rapid heat treatment over a short period on the properties of STO photo-
catalysts was investigated. Primary crystallite sizes increased from 14.7 to 39.2 nm as the
temperature was increased from 600 to 1000 ◦C. At the same time, specific surface areas
decreased from 54.5 to 2.1 m2·g−1, respectively. The morphology and band gap values were
largely unaffected; only a slight redshift was observed for the latter. The photocatalysts
proved stable as they retained their crystalline composition after exposure to compounds
with various functional groups. Most importantly, photocatalytic activities predominantly
increased with decreasing calcination temperature. The best sample (for all investigated
pollutants, i.e., phenol, chlorophenol, and oxalic acid) was obtained using a calcination
temperature of 700 ◦C, whose photocatalytic activity was mainly attributed to the presence
of SrCO3. The photocatalysts were stable against compounds containing phenolic –OH,
alcoholic –OH, –Cl, and –CHO functional groups, while slight changes were observed in
their crystalline composition after exposure to relatively concentrated oxalic acid (–COOH).
The energy requirement for conventional calcination (at 700 ◦C) was 1742 kW, whereas
using the rapid calcination method, it could be reduced by ~35% to 1120 kW.
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to compounds with various functional groups, Figure S4: IR spectra of catalysts after their exposure
to phenol (a), chlorophenol (b), oxalic acid (c), glucose (d), and propanol (e).
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