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Abstract: Some perovskites exhibit catalytic activity in the abatement of organic pollutants in water.
However, their performance decreases over time, possibly due to forms of poisoning, such as carbon-
ate formation. Here, we present the kinetics of carbonate formation on a Ce-doped SrFeOj3 perovskite
with formula Srg g5Ceg 15FeO3_5 (SCF), which can act as a thermocatalyst for the degradation of
organic pollutants. The carbonate formation was studied in air, in deionized water, and during degra-
dation of bisphenol A. The formation of SrCOj3 occurred for perovskites in aqueous environments,
i.e.,, when dispersed in water or used as catalysts in the degradation of bisphenol A, while no SrCO3
was detected for samples stored in air for up to 195 days. SrCO3 formation was detected using both
XRD and ATR-FT-IR, and from the XRD, the crystallite size was found to decrease when carbonates
formed. The samples containing SrCO3; showed an increasing mass loss at >610 °C with increasing
time used as catalysts or dispersed in water, showing that SCF reduces its own efficiency during
catalytic use. The kinetics of carbonate formation based on the TGA measurements showed that
SrCOj3 forms approximately three times faster during the degradation of organic compounds in water
compared to SCF dispersed in water. The formation of SrCOj3 in SCF is thermally reversible; thus, the
catalyst can resume its activity after heat treatment at 900 °C for 1 h.

Keywords: perovskite; carbonation; aging; catalyst; aqueous catalytic degradation

1. Introduction

Perovskite-like materials have the formula ABX3 and are structurally similar to the
original perovskite, CaTiO;3 [1]. In the metal oxide area, X is oxygen, while A and B
are 12-coordinated and 6-coordinated metals, respectively [2]. A-site cations are often
alkaline or rare-earth metals, while B-site cations are transition metals. Perovskites exhibit
a broad range of promising properties including piezoelectric, dielectric, superconductor,
and ferromagnetic properties [3], which can be tuned through variations in their chemical
composition. A more recently studied property is their catalytic activity in the abatement
of aqueous pollutants [4].

Within the catalytic area, various oxide perovskites have shown thermocatalytic
properties regarding the degradation of organic compounds by the formation of reactive
oxygen species (oxygen-containing radicals) [5], which can be useful in the removal of
micropollutants from wastewater in the future [6]. The catalytic site in perovskites is mainly
located in the B-site (transition metal) due to their multiple oxidation states [7], covering,
for example Ti [8,9], Fe [10,11], Co [12,13], and Mn [14]. However, doping and tuning the
A-site can alter the band gap [15]. The specific perovskite that is the focus of the current
study is Ce-doped SrFeO3, more precisely, Srp g5Ceg 15FeO3_s (SCF), which has been used
to degrade bisphenol A (BPA) and dyes, such as Rhodamine B and Orange II [10,16].

A drawback of SCF is the potential for carbonate formation on its surface, which can
block the active sites, a so-called poisoning of the catalyst caused by chemisorption on
catalytic sites [17]. In the case of SCF, mainly SrCOj is formed [16,18], and, previously,
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the amount of surface carbonates (SrCO3) reached up to 30% after one month due to
interaction with CO, from the atmosphere [18]. By contrast, Srilakshmi et al. [19] only
observed carbonate formation when SrFeO3; was used as a catalyst for the degradation
of nitrobenzene in water, and no carbonate formation was reported while SrFeO3 was
stored in air. This might be attributed to the formation of carbonate species due to the
dissolved CO; in the water, which can form carbonates on the surface of SCF and related
perovskites, such as SrO parts. Carbonate formation reduced the catalytic activity of a
non-doped SrFeO;_; [19] and might have been the reason for the slower kinetics of SCF in
the degradation of BPA in aqueous samples when reused in four consecutive degradation
cycles [10]. However, temperature-programmed desorption (TPD) was previously used
to investigate the adsorption of CO; on a BaySr;_xCoggFey205;_5 perovskite, and the
adsorption was shown to occur at temperatures between 400 °C and 700 °C [20], which is
much higher temperature than room temperature. Yang et al. [21] showed minor carbonate
formation when treating SrFeoTip103_s in a pure CO, atmosphere at temperatures >
600 °C and suggested the physisorption of CO; to the surface rather than carbonate
formation (chemisorption).

In this study, a systematic investigation of the formation of carbonates on Srj g5Cep 15FeO3_s
(SCF) was carried out to understand the decreasing efficiency of the catalytic activity over
time. This was investigated by storing the SCF in air, dispersing the SCF in deionized
water, and using the SCF in the thermocatalytic degradation of bisphenol A. The carbonate
formation was studied using XRD and ATR-FT-IR, and the kinetics of carbonate formation
were determined using TGA measurements.

2. Results and Discussion

The recorded XRD diffractograms of the SCF perovskites exposed to air or water or
used as catalysts in the degradation of BPA for different durations are shown in Figure 1.
The crystal structures of the fresh samples are denoted “Day 0” or “0 min”. All the
perovskites dispersed in water or used for catalytic tests contained small amounts of
segregated CeO; (<1%), since the solubility of Ce in SrFeOs is about 14 mol%, as previously
reported [16,18]. However, the diffraction peaks assigned as segregated CeO, did not
change throughout the experiments.

During the 195 days of air storage, no changes in the XRD pattern of the SCF powder
were observed (Figure 1a), indicating that no carbonate was chemically bound to any of the
metal oxide sites in the SCF. This agrees with the results of carbonate formation studies
on similar perovskites [19-21]. However, when SCF powder is dispersed in water, new
diffraction peaks appear, proving the formation of new crystal phases. The new signals
were all related to SrCOj3, whereas no sign of carbonate formation on the iron oxide or
cerium oxide sites was detected (Figure 1b). For comparison, an XRD pattern of pure SrCO3
is presented in the Supporting Information (Figure S1). The carbonate formation only on
SrO sites can be attributed to weak metal oxygen bond strength [22]. The SrCOj3 content
increased with exposure time, as shown by the increase in the intensity ratio between
the most intense diffraction peaks of SrCOj3 (26 = 25.2) and SCF (26 = 32.6), respectively
(Figure 1d). The same carbonate formation tendency was observed when SCF was used as
the catalyst to degrade BPA (Figure 1c). Furthermore, no carbonate or hydroxide species
other than SrCO3 were observed. Carbonate formation on SCF occurs faster when SCF
is used as catalyst than when is simply dispersed in water (Figure 1d). This is shown by
the increased intensity of SrCOj3; peaks, while that of SCF decreases. As parts of the SCF
converted to SrCOs, a change to a lower peak position by the most dominant peak of SCF
(26 = 32.6) was observed due to an expansion of the unit cell. The average crystallite size of
all the samples was calculated from the full width half maxima (FWHM) using the most
dominant diffraction peak of SCF (26 = 32.6), using the Scherrer equation in Highscore Plus.
The crystallite size was similar for all the samples stored in air, approximately 514 A, while
a significant reduction in crystallite size was found for the samples dispersed in water or
used as catalysts (Table 1). Interestingly, the samples from the catalytic tests that showed
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the largest amount of SrCO3 did not have the largest change in crystallite size. Figure 1d
indicates that the ratio of SrCOj3 to SCF reached a plateau with sufficient time for carbonate
formation. This suggests maximum carbonate formation, which relies on the amount of Sr
available for forming SrCOj3. With increasing SrCOj; formation, the perovskite’s structure
possibly became unstable, which could have resulted in the formation of more favorable
crystal structures of the remaining strontium, iron, and cerium oxides.

a) Air 5 b) Water g
bs g = b
~ ’ ) = 8 5 Pay 195 I ’ g I 360 min
E 2 9 & 8§ 3 g -289s| g3 38 .3 55 = -
- = ) w o o —~ S| 2 2 985 ou NES) S N
> & 3 3 G i S 2005 o o? e e [ &S_f;
g 2 ﬂ . S e ip08 2258 g1 BT B gg
> x ) L A , Day 89 = | o e . Nowessinmnon's X
£ £ '\. 90 min
c T e T Ao m K A A
9 . J ’l i N Day 33 Q lacbe i f i Y
[ ] c .
[ —— ) i I B S W L1
) Iy ALY, .
WMW 0 min
R . Day0 -
10 20 30 40 50 60 70 80 90 10 20 30 40 50 60 70 8 90
260 () 26 ()
K 0.42
c) Catalytic |5 d) —=— water
; 0.40+ —— Catalytic
¢ s _ 0.38-
9z g8 & I 59 8 E = 90 min 0.36
—~ gondel & o S g g g S .36 1
o Q 2 « o} w e = 0.344 :
P S I N I W . cataic
= T B r ‘ . = 0.321 _ |—10min
2 P A A ‘L A n 30 min T 2 |——30min
[) hohosabd o _("Q 0.301 z —— 90 min
[ : g Decreases
- 10 min £
WWWMWLWW e ﬂ Jk A 0.281 tincreases
\‘ JL . o min 0.26- ow e s s
. ; g A gl 0.24 ——————————
10 20 30 40 50 60 70 80 90 50 O 50 100 150 200 250 300 350 400
20 () Time (min)

Figure 1. XRD pattern of freshly calcined perovskite (0 min/Day 0) and after storage for various
durations in (a) air at room temperature, (b) dispersed in water at 60 °C, and (c) used as catalyst for
degradation of bisphenol A at 60 °C. Diffraction peaks are marked with compound and Miller Indices
of SCF (Sry g5Ceg 15FeO3) (ID: 01-076-4076), SrCO3 (ID: 00-005-0418), and CeO, (ID: 00-057-0401).
(d) The ratio of the most significant peaks assigned to SrCO3 and SCF for samples dispersed in water
or used as catalyst in degradation of bisphenol A. Inset in (d) shows a zoom-in on the XRD spectra of
the samples used for catalytic degradation of bisphenol A to show the decreasing intensity of the SCF
peak and increase in SrCOj3 peak.

The degradation of the BPA in water by the SCF was verified by HPLC analyses
(Figure 2). Three separate experiments were stopped after different durations by removing
the water by filtration, followed by drying and analyzing the SCF powder. The degradation
of BPA was similar in all the experiments and all experiments showed a first-order degra-
dation of bisphenol A with a reaction kinetic constant of k = 0.096 min~—! + 0.005 within the
first 10 min of each experiment. First-order reactions were also found in the literature for

similar perovskites [10,16,23].
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Table 1. Peak position and full width half maxima (FWHM) of most dominant SCF peak at 20 = 32.6
for calculation of crystallite size.

Storage Time Peak Position FWHM Crystallite Size (A)
Fresh perovskite - 32.599 0.166 514
Air 1 days 32.603 0.170 502
Air 16 days 32.606 0.167 511
Air 33 days 32.607 0.166 514
Air 61 days 32.607 0.167 511
Air 89 days 32.602 0.163 524
Water 30 min 32.583 0.207 410
Water 120 min 32.576 0.230 368
Water 360 min 32.584 0.229 369
Catalytic 10 min 32.586 0.201 422
Catalytic 30 min 32.560 0.205 414
Catalytic 90 min 32.582 0.208 408
1.0 Stop-time of experiment:
—&— 10 min
08 —— 30 min
’ —&— 90 min
0.6
<04
(&)
0.2
0.0 A A
0 20 40 60 80 100
Time (min)

Figure 2. Relative concentration of bisphenol A plotted against time during catalytic degradation
using SCF. Three different experiments stopped after different times to collect SCF after different
times of use as catalysts. Concentrations are based on HPLC analyses.

Figure 3 shows the ATR-FT-IR spectra of the samples exposed to air or water, or used
as catalysts in the degradation of bisphenol A, for different durations. For all the samples, a
significant ATR-FT-IR signal was visible around 575 cm !, which was previously found for
undoped SrFeO; [19]. Other significant bands occurred around 1470 cm~! and 860 cm ™!
for the samples dispersed in water or used as catalysts. These bands were ascribed to
SrCO;3, in agreement with the literature [24], and a spectrum of pure SrCOj3 found in the
Supporting Information (Figure S2). As these signals are not visible in Figure 3a, it can
be inferred that the SrCO3; does not form on SCF during storage in air for up to 195 days.
Furthermore, the intensity of the SrCOj3 signals increased with increasing time in water,
supporting the hypothesis that carbonate formation is caused by reaction of Sr sites from
perovskite with carbonate species in water formed by dissolved CO,.

The increased intensity centered around 3750 cm~! is possibly attributable to the
physisorption of water to the samples and partly to the formed Sr(OH), [25]. The small
amounts of ceria segregated during the synthesis of the SCF are not visible in the ATR-
FT-IR spectra as they should have been visible around 530 cm~! [26], overlapping with
general metal-oxygen bonds; however, the signal between 3500-4000 cm ! might have
been partly by different ceria hydroxyl groups with different oxidation states of cerium [27].
By contrast, the ATR-FI-IR spectrum does not indicate any formation of iron hydroxides,
iron carbonates, or iron hydroxyl carbonates [28-30]. The signals occurring in the range
2900-3000 cm ™! in Figure 3c could have been related to BPA or the compounds formed
during the BPA degradation, as they can be attributed to C-H bonds [31]. These compounds
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might have been adsorbed to the SCF in water. However, as there were indications of
similar signals for the SCF stored in air, they were attributed to noise or the ethanol and
acetone used during cleaning.
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Figure 3. ATR-FT-IR spectra of perovskites stored for various durations (a) in air at room temperature,
(b) dispersed in water at 60 °C, and (c) used as catalysts for degradation of bisphenol A at 60 °C.
SrCOj3 signals are marked.

The mass loss during the heating of the perovskite samples to 900 °C in the TGA
analysis is shown in Figure 4. The TGA analysis was carried out on perovskites that were
calcined after combustion; thus, citric acid and nitrates were removed. The mass loss is
divided into three regions: (i) 50-360 °C, (ii) 360-610 °C, and (iii) 610-900 °C and the mass
loss for all the samples is reported in Table 2. The first region is explained by the evapora-
tion of physically or chemically adsorbed water to SCF as adsorbed water is removed from
the Sr(OH), around 210 °C [32] and from the iron sites around 275 °C [33], in accordance
with the hydroxyl signals from the IR spectra. In the second region, only a small mass loss
was observed, which was not as easily ascribed to a specific removal process. However,
it could have been the removal of chemisorbed water, such as Sr(OH),, that decomposed,
as suggested by the ATR-FT-IR spectra. This decomposition initiates around 530 °C and
completes at 700 °C [32], within the second region. The small mass loss might also be
explained by residual carbon species that were not removed during calcination. The third
region is explained by the decomposition of the formed SrCOj3 that was previously shown
to initiate its mass loss around 800 °C in pure SrCOj3 [34] and a decomposition temperature
around 930 °C in an argon atmosphere [35]. The lower temperature observed for the mass
loss initiation and decomposition compared to pure SrCOj3 from the literature was due to
the different atmospheres used during measurement. The oxygen-containing atmosphere
in this study reduced the decomposition temperature compared to inert atmospheres [36].



Catalysts 2022, 12, 265

60f 11

Another reason for the lower decomposition temperatures of the SrCOj3 in the SCF com-
pared to pure SrCQOgs is related to the mixed structure, which was plausibly more open
than that of the pure SrCOs, as seen for the transition metal-doped CaCOs3 [37,38]. This
open structure can be related to a destabilized crystal lattice. By contrast, mixed alkaline
earth carbonates, such as dolomite, decompose at a temperature between those of pure
compounds [38].

102
. Region II )
101+ Region | . egion . Region 11l
100+ : !
99 - 1
= 98 4
X
< 974
[}
& 96-
=
951 — Fresh
944 —— Air day 89
93] —— Water 120 min
—— Catalytic 90 min
92 T T T T
200 400 600 800

Temperature (°C)

Figure 4. TGA curves showing the mass loss vs. temperature of SCF stored under different conditions.
The mass loss is divided into three temperature ranges: 50-360 °C (Region I), 360-610 °C (Region II),
and 610-900 °C (Region III).

Table 2. Calculated mass losses in different temperature ranges after storage of SCF in air, dispersed
in water, and used as catalyst for degradation of bisphenol A. The fraction of blocked Sr-sites ng,cos
is calculated based on the mass losses.

Storage Time Mass Loss (%) nsrcos (%)
50-360 °C 360-610 °C 610-900 °C Total

Fresh perovskite - 0.06 0.48 0.41 0.95 2.19
Air 26 days 0.61 0.40 0.59 1.6 3.16
Air 47 days 0.60 0.41 0.59 1.6 3.16
Air 68 days 0.61 0.44 0.63 1.68 3.38
Air 89 days 0.66 0.37 0.59 1.62 3.16
Water 30 min 1.09 0.60 1.46 3.15 7.89
Water 120 min 1.56 0.74 1.91 421 10.38
Water 360 min 1.38 1.24 2.47 5.09 13.49
Catalytic 10 min 1.80 0.60 1.67 4.07 9.05
Catalytic 30 min 3.04 0.63 1.81 5.48 9.82
Catalytic 90 min 3.73 0.68 2.38 6.79 12.88

Based on the TGA measurements of each sample, the mass losses in the three tempera-
ture ranges are reported in Table 2, and the two main mass losses are shown in Figure 5.
The first temperature range (50-360 °C) shows a rapid mass loss based on adsorbed water
followed by a fully covered surface, as the mass loss was relatively constant after a few
hours, as shown for the samples dispersed in water. Considering the final temperature
range (610-900 °C), around 1.5% of the mass was carbonate after 10-30 min in water (either
pure water or BPA solution) and around 2.5% after 360 min of use in water or 90 min
of use as catalyst. A fast initial carbonate formation is observed from the fresh calcined
powder to the first storage duration, as seen from the mass loss. After the initial carbonate
formation, the mass loss increased linearly with time, with varying kinetics, depending on
the environment. This shows a significant faster carbonate formation on SCF when organic
compounds (in this case, bisphenol A) are present compared to SCF dispersed in pure
water. The kinetic constant is three times higher for catalytic use than for when dispersed
in water. This is caused by the thermocatalytic mineralization of the BPA into CO, and
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Mass loss (%)

Mass loss (%)

the carbonate species that was dissolved in the water; thus, these compounds adsorbed to
the surface of the perovskite, forming SrCO3, as suggested in Ref. [19]. This also agrees
with the increase in inorganic carbon during and after catalytic reactions found for catalytic
wet-air oxidation using TiO, or Ru(3 wt%)/TiO, [39] and catalytic oil degradation using
SCEF [40]. Only limited carbonate formation is observed in the TGA for samples stored in
air, in accordance with the XRD and ATR-FT-IR results.

0.8 _
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Figure 5. Mass loss of SCF samples stored in in (a) air and (b) water, and (c) used as catalysts
for the temperature regions 50-360 °C (symbol W) and 610-900 °C (symbol e) determined by TGA
measurements. Lines are linear fits to determine the kinetic constant k after initial carbonate formation.
The two kinetic constants k in (a) are calculated for same data with different units. Note the difference
in scale between the x—axis and y-axis.

From the mass loss in Region III, the number of Sr-sites blocked by carbonate formation
was calculated. To this end, the entire mass loss was considered to be CO,; based on this,
the number of moles was calculated. The total mass of the SCF was determined after
mass loss. Subsequently, the number of moles SCF was calculated; the number of moles of
strontium sites is 85% of this value due to the chemical formula of the SCF. The fraction
of strontium sites blocked by carbonate formation was calculated based on the moles of
CO; released and the strontium sites. The fraction was relatively constant for the samples
stored in air around 2-3%. For the samples dispersed in water or used in the degradation
of bisphenol A, up to 13% of the Sr-sites were blocked by carbonate formation (Table 2).

To elucidate whether the carbonate formation is reversible and confirm that the mass
loss up to 900 °C was due to decarbonation, a SCF sample used as a catalyst for 90 min was
heat-treated at 900 °C for 1 h in air and reanalyzed (Figure 6). The SrCOj diffraction peaks
and IR signals did not appear after thermal treatment; thus, the SCF can regain its original
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structure after carbonate formation. A previous study stated that a mild temperature
treatment could remove the carbonate [18]; however, a specific temperature was not stated.
In contrast to the current study, the previous study found carbonate formation by storage
in air within one month; this was detected by XPS, which is more sensitive in the outermost
layer. Here, SrCO3 was only found when the SCF was dispersed in water or used as a
catalyst in water for the degradation of bisphenol A, showing a fast carbonate formation.
Carbonate formation in SCF possibly results in morphological changes, as previously
suggested by Tummino et al. [16]. The thermally induced reversibility of the carbonation
is important if SCF needs to be reused as a catalyst to maintain the highest reaction rate
possible, as the carbonate species block the active sites of the catalyst. The fast deactivation
of the catalyst is problematic in terms of commercial use [17]. However, the carbonate
formation and reactivation provide important knowledge for the future design of oxide
perovskite catalysts for the degradation of organic species in aqueous environments. This
research suggests the design of perovskite catalysts with A-sites that show less of a tendency
to form carbonates to prevent poisoning, and, thus, the deactivation of the catalyst. This
could maintain the catalytic activity. Alkaline earth metal oxides, in general, show a
significant tendency to form carbonates. Therefore, a higher-stability perovskite catalyst
might be found by substituting the A-site alkaline earth metal by a lanthanide metal, as is

partly found in SCE.
0.25
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Figure 6. Structural characterization of as-prepared SCEF, used as catalyst for BPA degradation at
60 °C for 90 min, and heat-treated at 900 °C for 1 h in air using (a) XRD and (b) ATR-FT-IR. The
diffraction peaks are assigned based on the compound and the Miller index of SCF (Sr g5Ceq.15FeO3)
(ID: 01-076-4076), SrCO3 (ID: 00-005-0418), and CeO, (ID: 00-057-0401).

3. Materials and Methods
3.1. Perovskite Oxide Synthesis

Ce-doped SrFeOs; with composition Sryg5Cep 15FeO3_5 (SCF) was synthesized by
solution combustion synthesis. Stoichiometric amounts of Sr(NOj3), (Acros Organics,
purity 99+%, Karlsruhe, Germany), Ce(NOg3)3-6H,O (Sigma Aldrich, purity 99%, Steinheim,
Germany), and Fe(NOj3)3-9H,0 (Sigma Aldrich, purity > 98%, Steinheim, Germany) were
dissolved in deionized water. Citric acid (Carl Roth, purity > 99.5%, Karlsruhe, Germany)
was added as organic fuel with a citric acid-to-metal cations molar ratio of 2. NH4NO3
(Sigma Aldrich, purity > 99.5%, Steinheim, Germany) was added as additional oxidant
to achieve a reducer-to-oxidizer ratio of 1, and NH4OH solution (25 wt%) was added to
adjust the pH to 6 to have a better citrate-metal cations complexation, according to the
literature [41]. The solution was placed on a hot plate at 80 °C for evaporation of the water
under magnetic stirring until a sticky gel was formed. The temperature of the hot plate
was increased until the spontaneous self-ignition of the gel was initiated. The as-burned
powder was crushed, followed by calcination at 1000 °C for 5 h heated at 2 °C min~!. The
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calcined powder was washed in deionized water under stirring for an hour followed by
centrifugation for 15 min at 7000 rpm, and this was repeated twice. Washing removes
residual carbon species and enhances the surface area [16]. Finally, the water was removed
by filtration and the powder was left to dry overnight at 105 °C.

3.2. Formation of Carbonates

SCF was stored in air at room temperature (relative humidity 40% =+ 5), dispersed in
deionized water while stirring at 60 °C, or used as catalyst for degradation of bisphenol
A at 60 °C in deionized water to investigate whether carbonation occurred. For samples
dispersed in water or used as catalysts, SCF was added in a concentration of 1 mg mL~!.
In the catalytic degradation study, bisphenol A (BPA) was added in a concentration of
10 mg L. Three catalytic experiments were performed to collect perovskite powder after
different durations of use as catalyst. For all three types of storage, SCF was analyzed by
X-ray diffraction (XRD), attenuated total reflectance FI-IR (ATR-FT-IR), and thermogravi-
metric analysis (TGA) after different durations of exposure to air, water, and degradation
of BPA in water, in order to obtain kinetics of the carbonate formation, as described below.
The samples subjected to water were filtrated to remove the water followed by drying for
at least 48 h at room temperature to evaporate remaining water without removing potential
hydroxyl or carbonate species by heat treatment. Additionally, the degradation of BPA was
analyzed through HPLC with UV detection at 230 nm (Summit-Dionex, with a Luna 5u
C18 100 A column (250 x 6.60 mm)) and a mobile phase with a flow of 1 mL min~! (wa-
ter/acetonitrile = 60/40). A calibration curve with concentrations between 0 and 10 mg L !
BPA was used to determine the concentrations of BPA during degradation.

3.3. Powder Characterization

The crystal structure of both washed and stored powders was analyzed by XRD
on a PANalytical Empyrean diffractometer. The diffractometer used a Cu K« radiation
(A = 1.5418 A) and operated at 45 kV and 40 mA. Crystal phases were identified by com-
paring the diffraction patterns to patterns in the International Centre for Diffraction Data
(ICDD) using Highscore Plus software (PANalytical). Highscore Plus was used to determine
the crystallite size using the Scherrer equation.

ATR-FT-IR analysis was carried out by scanning from 400 to 4000 cm ! using ATR
mode on a Tensor II spectrometer (Bruker) to identify carbonate species. The resolution
of the scans was 1 cm ™!, and 128 spectra were collected and averaged. All spectra were
baseline corrected using OPUS software.

TGA analyses were performed using a STA 449C Jupiter instrument (Netzsch, Selb,
Germany). The powder samples (approx. 18 mg) were gently pressed by hand to enhance
contact in a Pt crucible and heated at 10 °C min~! to 900 °C, followed by cooling at 20 °C
min~! with a 40 mL min~! air (N, /O, = 80/20) gas flow. For TGA analyses, all samples
exposed to water or used as catalysts in BPA degradation were analyzed, while samples
stored in air were analyzed approximately every three weeks.

4. Conclusions

Carbonate formation on a Ce-doped SrFeOs perovskite (SCF) was investigated after
storage in air, dispersal in water, and use as a catalyst for the degradation of bisphenol A.
SrCO; formation was detected by XRD and ATR-FT-IR for the SCF dispersed in water or
used as a catalyst in water, but not when the SCF was stored in air for up to 195 days. The
crystallite size of the SCF decreased with carbonate formation. The TGA analyses showed
mass losses related to the evaporation of adsorbed water and decarbonation. The kinetics
of the carbonate formation were determined based on the decomposition of the SrCOj3 in
the temperature range of 610-900 °C, showing a three-times-faster carbonate formation
when SCF was used as catalyst compared to when it was only dispersed in water, due
to the formation of carbonate species during the degradation of bisphenol A. From the
TGA results, it was calculated that up to 13% of all the Sr sites in the SCF were blocked
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by carbonate formation. Finally, by treating the carbonated SCF at 900 °C in air for 1 h, a
thermally induced, reversible process of carbonate formation was shown, and the original
SCF was regained. This information is important for catalytic use, since carbonate species
can be removed, making the active sites available for reactions. These findings are expected
to be relatable to other oxide perovskites containing Sr or other alkaline earth metals in
A-sites.

Supplementary Materials: The following supporting information can be downloaded at: https:
/ /www.mdpi.com/article/10.3390/catal12030265/s1, Figure S1: XRD pattern of SrCOj.; Figure S2:
ATR-FT-IR spectrum of SrCOj3.
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