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KEYWORDS ABSTRACT

Perovskite, Peroxymonosulfate (PMS)-advanced oxidation processes (AOP), based on the formation of highly
Peroxymonosulfate, reactive radicals, are able to degrade many emerging organic environmental contaminants such as
Tetracycline, tetracycline (TC) in wastewater. In these processes, the presence of a Heterogeneous catalyst such
Nano catalyst. as perovskite (as an advanced material) is required due to its tunable composition in cationic

positions and structural stability.

In this research, LaMnO3 perovskite nanocatalyst was synthesized by sol-gel method via complex
agents. The LaMnO3 nanoparticles were successfully prepared, as proven using different
spectroscopic techniques including XRD, FESEM, EDS, BET, XPS and TG/DTG.

The results of XRD and FESEM analysis showed the orthorhombic structure of single-phase and
quasi-spherical LaMnO3 perovskite crystal, where La, Mn and O elements are uniformly
distributed on its surface. Also, based on XPS analysis, the atomic ratio of Mn4+/Mn3+ was equal
to 0.4. Finally, the performance of LaMnO3 nanoparticles in degrading tetracycline in water
during advanced oxidation process for PMS activation was investigated. It has been shown that
the tetracycline pollutant in wastewater can be eliminated by 62.8 and 70.4% at 25 and 50 ppm,
respectively. The results show that this method is very useful for the treatment of wastewater
containing this dangerous contaminant.

Extended Abstract

1. Introduction

captivating researchers due to their exceptional stability, structural versatility and remarkable adaptability

for diverse catalytic transformations. These unique properties make perovskites ideal candidates for
tackling a wide range of environmental challenges, including pollutant degradation, energy conversion and
resource recovery [2-8]. Global industrialization and urbanization have led to increased environmental pollution.
Tetracycline (TC), a common antibiotic, contributes to this pollution due to its widespread use in medicine and
aquaculture [10]. Recent research focuses on combining perovskite catalysts with advanced oxidation processes
(AOPs) to remove organic pollutants from wastewater [11]. Among various AOPs, sulfate radical-based AOPs
(SR-AOPs) that activate peroxymonosulfate (PMS) have gained popularity due to their advantages over hydroxyl
radical-based technologies. The various perovskite-based heterogeneous catalysts have been used in PMS

P erovskite materials have emerged as a promising class of catalysts for environmental applications,
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activation in organic pollutant degradation process [18-23], for example, perovskite based on LaMnO3 can be one
of the most promising advanced material structures.

LaMnO3 was synthesized using a modified sol-gel method in activating peroxymonosulfate (PMS) for the
degradation of tetracycline (TC) in advanced oxidation processes. This study delves into the synthesis process,
characterization, and catalytic performance of LaMnO3 in this innovative application.

2. Material and methods
2.1. Synthesis of catalyst and characterization

All chemicals were utilized without any purification. All the solutions were prepared using deionized (DI)
water. LaMnO3 were fabricated via a sol-gel method using ethylene glycol and citric acid as complex agent as
shown in figure 1[25]. The crystalline phase of the catalysts was determined by X-ray diffraction (XRD) using a
Pert PW 3373 instrument from Philips. Scanning electron microscopy (SEM) equipped with energy dispersive X-
ray spectroscopy (EDS) was used to examine the surface morphology and elemental composition. Surface textural
properties were measured by N adsorption/desorption isotherms. Thermogravimetric-differential scanning
calorimetry (TG-DSC) was used to analyze thermal properties. X-ray photoelectron spectroscopy (XPS) was used
to investigate the surface chemical state and elemental oxidation state.

2.2. Catalyst experiments

Batch experiments were conducted to evaluate the removal of tetracycline (TC) using cylindrical glass reactors
containing 200 mL of TC solution at room temperature. In a typical experiment, a specific amount of catalyst was
dispersed into the TC solution and stirred for 20 minutes to establish adsorption-desorption equilibrium. The
degradation reaction was then initiated by adding a PMS solution. At predetermined time intervals, samples were
withdrawn, filtered through a 0.45 pm glass fiber filter, and analyzed using a PerkinElmer UV 1050 UV-Vis
spectrophotometer at wavelengths of 270 and 355 nm to determine the TC concentration.
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Figure 1. Schematic of the synthesis process of LaMnO3 catalyst by the modified sol-gel method

3. Results

The X-ray diffraction (XRD) pattern of the LaMnO3 nano catalyst powder, shown in figure 2, confirms the
formation of a well-crystallized single-phase perovskite structure. The observed diffraction peaks at angles of 2°,
32°, 40°, 47°, 52°, 58°, 68°, and 78° are characteristic of the perovskite structure, indicating the absence of
impurities.

The full XPS spectrum of this sample is shown in Figure 3a. Distinct peaks are observed at binding energies
of 285.01 eV (C 1s), 529.86 eV (O 1s), 834.61 eV (La 3d), and 642.17 eV (Mn 2p), confirming the presence of
these elements in the composition. It's important to note that the carbon peak is likely due to contamination
introduced during sample preparation for XPS analysis.
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Figure 2. X-ray diffraction (XRD) pattern of LaMnO3 catalyst nanopowder

The percentages of La and Mn in this sample were calculated based on the peak areas in the XPS spectrum and

are reported in Table 1. Figure 3b presents the high-resolution XPS spectrum of the manganese (Mn 2p) element.
Two prominent peaks are visible at 642.5 eV and 654.2 eV, corresponding to Mn 2p1/2 and Mn 2p3/2, respectively.
Further analysis revealed four sub-peaks: those at 641.98 eV and 653.83 eV are attributed to Mn®*, while those at
643.67 eV and 656.19 eV correspond to Mn**. The calculated atomic ratio of Mn**/Mn®* is 0.4.

Table 1. Percent of La and Mn elements on the surface of LaMnO3 catalyst in XPS spectrum

Atomic percent (%)
Mn La

Sample

LaMnO3 7.82 6.31
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Figure 3. () Full XPS spectrum, (b) High-resolution Mn 2p spectrum for LaMnQ3 catalyst.
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The N2 adsorption-desorption isotherms and pore size distribution of the synthesized LaMnO3 perovskite,
depicted in figure 4, indicate a specific surface area of 9.72 m?/g, an average pore size of 28.59 nm, and a pore
volume of 0.86668 cm3/g.
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Figure 4. N2 adsorption and desorption isotherms (b) Pore size distribution of LaMnQO3 catalyst

The study examined the effectiveness of the perovskite catalyst LaMnO3 in degrading and removing
tetracycline in the presence of PMS. The catalytic performance was evaluated at two different tetracycline
concentrations (25 ppm and 50 ppm) at room temperature, maintaining a pH of 3.35, 0.1 mM Cpums, and 0.2 g/l of
LaMnO3 catalyst. After 100 minutes, 62.8% and 70.4% of tetracycline was removed and degraded, respectively
(as shown in figure 5).
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Figure 5. Degradation of tetracycline in the presence of LaMnO3 catalyst: (a) Ctc =25 ppm, (b) Ctc =50 ppm

During the catalytic process, tetracycline molecules are adsorbed onto the active sites of the catalyst and then
activated. This activation involves efficient charge transfer, resulting in the formation of reactive oxygen species
(ROS) (Figure 6). Previous research suggests the potential formation of sulfate and hydroxyl radicals, as well as
non-radical pathways like singlet oxygen generation, through the catalytic activation of PMS. These reactive
species contribute to the degradation of pollutants, converting them into harmless mineral compounds.

Figure 6. Schematic of the mechanism of tetracycline pollutant degradation in the presence of LnMnOj; catalyst using PMS
activation in advanced oxidation processes.

4. Conclusions

The study demonstrates the effectiveness of the LaMnO3 perovskite catalyst in treating wastewater
contaminated with various pollutants, including emerging and resistant contaminants. Specifically, it achieved a
60-70% removal efficiency for tetracycline using 0.1 mM PMS and 0.2 g/L of the catalyst. Optimizing the
advanced oxidation process conditions could further improve the catalyst's performance.

The LaMnO3 nanocatalyst, synthesized via the sol-gel method, exhibited an orthorhombic crystal structure
with favorable surface area and particle size distribution. Its catalytic activity was evaluated for PMS activation in
the degradation of tetracycline. The results indicate that LaMnO3-based perovskites are promising catalysts for
removing tetracycline from wastewater, particularly in PMS activation-based advanced oxidation processes.
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