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Abstract: In this study, Ca2Fe2O5 and Ca2Fe2O5-TiO2 nanomaterials were synthesized using a 

microwave-assisted hydrothermal synthesis method, followed by calcination at 900°C for 10 hours. The 

materials were characterized using Fourier-transform infrared spectroscopy (FT-IR), powder X-ray 

diffraction (XRD), and scanning electron microscopy (SEM). The band gap energy (Eg) of Ca2Fe2O5 

and Ca2Fe2O5-TiO2 was determined to be approximately 2.48 and 3.64 eV, respectively. Including the 

TiO2 component resulted in a significant increase of 1.16 eV in the band gap energy of Ca2Fe2O5-TiO2 

compared to Ca2Fe2O5. TEM analysis showed that Ca2Fe2O5 exhibits a flake-like morphology, while 

Ca2Fe2O5-TiO2 showed a mixed morphology with TiO2 nanoparticles dispersed on the flakes of 

Ca2Fe2O5. The photocatalytic activity of the materials was evaluated for phenol red dye degradation in 

aqueous solutions having concentrations from 10 to 1000 ppm, and it found that the 

UV/H2O2/Ca2Fe2O5-TiO2 system had superior degradation efficiency compared to the 

UV/H2O2/Ca2Fe2O5 system, particularly at high dye concentrations. The photocatalytic data for both 

Ca2Fe2O5 and Ca2Fe2O5-TiO2 followed first-order kinetics. The present study suggests that Ca2Fe2O5-

TiO2 could be a cost-effective material for efficiently removing dyes from industrial wastewater. The 

findings contribute to the potential application of these nanomaterials in environmental remediation and 

water treatment processes. 
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1. Introduction 

Heterogeneous photocatalysis is a crucial technique for effectively removing pollutants 

from liquids and gases using nanocrystalline semiconductors. To achieve successful pollutant 

removal, nanomaterials with sufficient surface area and appropriate physical properties that 

facilitate the handling of light-triggered charge carriers and enable them to participate in 

chemical reactions at the catalyst surface are essential [1-4]. In this context, perovskite-type 

transition metal oxides (ABO3 structure) have garnered considerable attention as catalytic 

materials owing to their thermal and chemical stability, resistance to dissolution in both 

aqueous and nonaqueous solutions, and cost-effectiveness relative to noble metals [5]. Various 

compounds like NaBiO3, LaMnO3, NiTiO3, BaTiO3, BiFeO3, and LaFeO3 [6-13] have been 

utilized for photocatalytic degradation of dyes due to their stable perovskite structure. 

Combining perovskite with other metal oxide components in composite form has garnered 

importance due to the synergistic effect between the two materials. Composite systems offer 
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numerous advantages, including surface modification and improved optical and charge-

handling properties compared to individual compounds like TiO2, often used as a reference 

material for photocatalytic behavior. Hence, designing and developing distinct TiO2-based 

nanocomposites is crucial for environmental applications [14-16]. These composite systems 

with TiO2 have proven to be effective catalysts for dye degradation and redox photo reactions, 

demonstrating their potential for practical use in environmental remediation [17-20]. 

Dyes are recognized as significant pollutants in wastewater due to their high toxicity 

and potential to accumulate in the environment. Various industries, including paper, textile, 

cosmetics, food, pharmaceutical, and plastic, discharge effluents containing highly colored 

contents into nearby water bodies, causing water pollution [21]. These colored effluents, 

especially dyes, pose serious environmental, aesthetic, and health problems as they are 

carcinogenic and toxic to humans and aquatic organisms [22-25]. One example is phenol red, 

a water-soluble textile dye used as a pH indicator. Although it is employed in cell biology 

studies and water testing applications, phenol red's toxic effects include eye, respiratory, and 

skin irritation and inhibiting renal epithelial cell growth. It also exhibits adverse effects on 

muscle fibers and has been reported to be mutagenic. Due to its toxicity, there is an urgent need 

for cost-effective techniques to remove dyes from wastewater. Thus, this research focuses on 

photocatalytic degradation as the most effective method for removing phenol red from aqueous 

solutions, aiming to develop an environmentally friendly and efficient approach for dye 

removal [26-31]. 

Previous research has extensively studied the Fenton reagent as a highly effective 

method for removing dyes and organic pollutants from water through a photocatalytic 

route[32,33]. Building on these findings, our current study focuses on synthesizing a Fe-based 

ternary perovskite, specifically Ca2Fe2O5, and a composite of this compound with TiO2, 

denoted as Ca2Fe2O5-TiO2, for the photocatalytic degradation of phenol red. Both compounds 

were synthesized using a microwave-assisted hydrothermal method, which offers advantages 

such as rapid crystallization, cost efficiency, clean technology, energy efficiency, and low cost. 

To the best of our knowledge, this is the first report evaluating the photocatalytic activity of 

the perovskite Ca2Fe2O5 and the Ca2Fe2O5-TiO2 composite in the degradation of phenol red 

under UV irradiation in the presence of H2O2. The catalysts were characterized using 

techniques like powder X-ray diffraction (XRD), Fourier transform infrared (FTIR) 

spectroscopy, field emission scanning electron microscopy (FESEM), and UV-visible 

absorption spectroscopy. These characterizations provide valuable insights into the structure 

and properties of the synthesized materials, aiding in the understanding of their photocatalytic 

performance for phenol red degradation. 

2. Materials and Methods 

2.1. Materials. 

Fe(NO3)3·9H2O (98 %) and TiO2 (99.8 %) were obtained from Merck. Hydrogen 

peroxide (30 %), potassium hydroxide, Calcium chloride, and phenol red were obtained from 

SD Fine Chemicals Ltd. The reagents were used as received.  

2.2. Synthesis of Ca2Fe2O5 by microwave-assisted hydrothermal method. 

In the microwave-assisted hydrothermal method, calcium chloride, iron nitrate, and 

potassium hydroxide are starting materials in a molar ratio 1:1:30 for CaCl2: Fe(NO3)3·9H2O: 
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KOH. First, CaCl2 and Fe(NO3)3·9H2O were separately dissolved in the appropriate amount of 

deionized water, and both solutions were stirred. Then, the KOH aqueous solution was added 

drop by drop to the homogeneous solution until precipitation was complete. A dark brown 

precipitate was formed during this process, and the mixture was stirred for an hour. The 

resulting solution was transferred to a Teflon-lined autoclave, which was then sealed and 

placed in a microwave instrument (MW 5000, SINEO, maximum power of 1500 W) and heated 

to 180°C for 1.5 hours. Afterward, the autoclave was allowed to cool to room temperature, and 

the solid product, Ca2Fe2O5, was washed several times with a 0.1 M aqueous acetic acid 

solution and then with deionized water, as shown in Figure 1. The Ca2Fe2O5 product thus 

obtained was filtered, dried in a hot air oven at 105°C overnight, and calcined in a muffle 

furnace at 900°C for 10 hours.  

 
Figure 1. Schematic description of the material synthesis. 

2.3. Synthesis of Ca2Fe2O5-TiO2. 

The preparation of Ca2Fe2O5-TiO2 followed a similar procedure as described in section 

2.2. However, in this case, 0.4 g of TiO2 was added to the solution containing CaCl2, Fe 

(NO3)3·9H2O, and KOH to create the composite material. The resulting mixture was stirred 

and processed as before, leading to the formation of Ca2Fe2O5-TiO2. The final product was 

filtered, dried in a hot air oven at 105°C overnight, and then calcined at 900°C for 10 hours to 

obtain the composite material. 

2.4. Characterization of catalysts. 

All the catalysts were characterized by various analytical techniques: Powder X-ray 

diffraction (XRD) was measured using PAN analytical X’pert PRO Powder Diffractometer 

with Cu Kα (λ = 1.5418 Å) as the radiation source. Fourier transform infrared (FTIR) spectra 

were measured at room temperature in the 4000 to 350 cm-1 wave number range by 

PerkinElmer FTIR-300 spectrometer using the KBr pellet method. Field Emission Scanning 

Electron Microscope (FESEM) of Model INSPECTTM S50 was used for morphological 

studies. UV-Vis absorption spectra were measured using a Shimadzu UV-Visible 

spectrophotometer (UV-1800). 

2.5. Photocatalytic degradation studies. 

The photocatalytic degradation of phenol red (PR) in water was carried out at room 

temperature using a 300 ml photo reactor under UV irradiation. The UV source was a 125 W 
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mercury vapor lamp from Philips India, placed in a wooden box. An optimal catalyst loading 

of 0.8 g/L was used in the presence of 0.01 mmol of H2O2, and the pH of the solution was 

adjusted to 4.5. Different concentrations of phenol red (ranging from 10 to 1000 ppm) were 

selected for the investigation. Before exposing the sample solution to UV radiation, it was 

stirred in the dark for 30 minutes to achieve equilibrium between the components in the solution 

and atmospheric oxygen. For kinetic studies, 3 ml of the sample was collected at regular 

intervals and analyzed using a UV-Vis spectrophotometer in the range of 200 to 800 nm. The 

degradation of phenol red was monitored by observing changes in the absorption maximum at 

432 nm using a calibration curve. The percentage of degradation was calculated by comparing 

the initial and final UV-Vis absorption measurements, as described below equation: 

(1) 

Where Co= initial concentration of PR, Ct = concentration of PR after a certain duration 

of photoirradiation 

3. Results and Discussion 

3.1. X-ray diffraction study. 

The structural analysis of both compounds, Ca2Fe2O5 and the composite Ca2Fe2O5-TiO2 

was conducted using the powder X-ray diffraction (PXRD) method, and the corresponding 

patterns are presented in Figure 2. The PXRD patterns of both samples, after being calcined at 

900°C for 12 hours, clearly show the presence of the Brownmillerite phase of Ca2Fe2O5 

(JCPDS—Pattern 38-0408) [34] with an orthorhombic crystal system and Pnma space group. 

The d values for Ca2Fe2O5 match well with those reported in the literature for this phase [35]. 

However, a minor impurity peak indicates the presence of Fe3O4 [36]. In the case of the 

composite Ca2Fe2O5-TiO2, the appearance of additional diffraction peaks corresponding to 

TiO2 anatase confirms the successful synthesis of the composite, as depicted in Figure 2(B). 

XRD analysis confirms the formation of the desired crystalline structures of Ca2Fe2O5 and the 

composite Ca2Fe2O5-TiO2 through the microwave-assisted hydrothermal method. 

 

Figure 2. XRD patterns of (A) Ca2Fe2O5 ; (B) Ca2Fe2O5-TiO2. (x, TiO2; o, Fe3O4). 
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3.2. FTIR spectra analysis. 

The formation of the compounds Ca2Fe2O5 and Ca2Fe2O5-TiO2 was further confirmed 

through FTIR analysis. The FTIR spectra of both catalysts are depicted in Figure 3. The broad 

IR bands observed at approximately 3440 cm-1 and 1634 cm-1 correspond to the stretching and 

bending vibrations of OH groups, indicating the presence of adsorbed water molecules on the 

surface of the compounds during synthesis. Additionally, the peak observed at 1400-1460 cm-

1 indicates the adsorption of CO2 from the atmosphere on the catalyst surface. 

In Figure 3(A), a sharp absorption band at ~567 cm−1 is observed, which can be 

attributed to the characteristic Fe-O stretching vibration of Ca2Fe2O5. On the other hand, in 

Figure 3(B), the appearance of a peak at 590 cm−1 is due to the vibration of the Ti-O-O bond, 

along with the Fe-O stretching band at ~551 cm−1. These observations confirm the successful 

formation of the Ca2Fe2O5-TiO2 composite and support the findings from the XRD analysis. 

 
Figure 3. FTIR spectra of (A) Ca2Fe2O5; (B) Ca2Fe2O5-TiO2. 

3.3. Scanning electron microscopic studies. 

The microstructures of the synthesized samples were examined using FESEM, and the 

micrographs of Ca2Fe2O5 and the Ca2Fe2O5-TiO2 composite are presented in Figure 4. In Figure 

4(a), the micrograph of Ca2Fe2O5 reveals a dense flake-like morphology, with the particles 

highly agglomerated, possibly due to the magnetic nature of the compound. On the other hand, 

the micrograph of the Ca2Fe2O5-TiO2 composite (Figure 4(b)) clearly shows a combination of 

two distinct morphologies. The TiO2 particles are seen to be dispersed on the flakes of 

Ca2Fe2O5, forming a unique composite structure. 

These different microstructures of the compounds are expected to impact their 

photocatalytic efficiency significantly. The well-defined morphologies and the synergistic 

effect between Ca2Fe2O5 and TiO2 in the composite material can enhance the photocatalytic 

performance, making it a promising catalyst for various environmental applications, including 

the degradation of pollutants in water. 
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Figure 4. FESEM micrograph of (a) Ca2Fe2O5; (b) Ca2Fe2O5-TiO2. 

3.4. Band gap of the photocatalysts. 

The optical band gap of a photocatalyst plays a critical role in its performance, and 

therefore, the optical properties of the compounds were investigated through UV-Vis 

absorption studies. Ca2Fe2O5 displayed an absorption peak at around 350 nm (~3.7 eV), as 

shown in Figure 5(A) and (B). Notably, the Ca2Fe2O5-TiO2 composite exhibited a distinctly 

broader absorption peak. Upon deconvoluting the broad peak, two distinct peaks were 

identified at around 350 nm (~3.7 eV) and 426 nm (~2.91 eV), which can be attributed to the 

characteristic absorption of Ca2Fe2O5 and TiO2, respectively (Figure 5(A) and (B)). This 

indicates that the composite material comprises both Ca2Fe2O5 and TiO2 components. 

 

Figure 5. (A) UV-Vis absorption spectra; (B) Calculated band gap of Ca2Fe2O5 and Ca2Fe2O5.TiO2. 

These two distinct absorption peaks in the composite lead to a significant enhancement 

in the absorption range, spanning from 350nm to 426 nm in the UV region. This broadened 

absorption range is expected to enhance the photocatalytic degradation capability of the 

composite material under UV irradiation. Consequently, the composite Ca2Fe2O5-TiO2 shows 

promising potential as an efficient photocatalyst for various environmental applications, 

especially for water pollutants' degradation. 
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3.5. Photocatalytic degradation studies.  

Effect of various parameters on photocatalytic efficiency: 

3.5.1. Effect of pH on phenol red degradation. 

The pH of the solution is a crucial parameter in photocatalytic reactions occurring on 

catalyst surfaces, as it directly impacts the surface charge properties of the photocatalyst. 

Phenol red exists in three different forms depending on the pH of the solution. At low and high 

pH, it exists as a negatively charged molecule; at moderate pH, it exists as a zwitterion, as 

illustrated in Figure 6. 

 

Figure 6. Molecular structure of phenol red at different pH (a) low pH; (b) moderate pH; (c) high pH. 

Since phenol red dye is negatively charged at low pH, the catalyst surface is positively 

charged, which facilitates higher adsorption of the dye on the surface due to electrostatic 

attraction. On the other hand, at higher pH levels, the number of negatively charged sites on 

the surface increases, and the number of positively charged sites declines, resulting in a 

decrease in adsorption due to repulsion between the dye and the negatively charged catalyst 

surface. Hence, optimizing the pH is essential for any photocatalytic degradation process. 

The present study conducted phenol red degradation experiments over a pH range of 2 

to 8, with an optimum catalyst dosage of 0.08 g and an initial dye concentration of 10 ppm. 

The results showed that phenol red degradation was most favorable at a mildly acidic pH of 

4.5, as shown in Table 1. Based on this finding, a pH of 4.5 was considered the optimum 

condition for the photocatalytic degradation of phenol red( Figure 6) 

3.5.2. Effect of catalyst loading. 

The amount of catalyst used in the photocatalytic degradation process plays a crucial 

role in determining the efficiency of the reaction. It affects the number of active sites available 

for the reaction and impacts the catalyst's overall photocatalytic ability. This study investigated 

the photodegradation of phenol red using different amounts of catalyst, ranging from 0.03 to 

0.1 g, and found that 0.08 g of catalyst was the optimal amount to achieve the maximum 

reaction rate. Beyond this optimum amount, an increase in the catalyst quantity had a negative 

effect on the photocatalytic degradation of phenol red and observed a drop in the 

photodegradation efficiency, which can be attributed to the aggregation of catalyst particles 

leading to increased opacity and light scattering. This aggregation may reduce the availability 

of active sites and hinder the effective interaction between the catalyst and the pollutant, 

thereby decreasing the degradation efficiency. At the optimal catalyst amount of 0.08 g, 100% 

phenol red degradation was achieved, as depicted in Table 1, confirming the effectiveness of 

this specific catalyst dosage for the photocatalytic degradation process. 
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Table 1. Optimization of phenol red degradation under UV light irradiation with Ca2Fe2O5 photocatalysts. 

© Phenol red 

(ppm) 

Catalyst 

(mg) 

H2O2 

(mmol) 
pH 

Time 

(h) 

Degradation 

(%) 

1 10 30 Absence 11.5 3 36 

2 10 50 Absence 11.5 3 38 

3 10 50 5 x 10-3 11.5 1.5 68 

4 10 50 5 x 10-3 6 1.5 79 

5 10 50 5 x 10-3 5 1.5 81 

6 10 50 1 x 10-2 4.5 1 86 

7 10 80 1 x 10-2 4.5 0.5 100 

8 10 80 1 x 10-2 3.0 0.5 84 

9 10 80 2 x 10-2 4.5 0.5 89 

10 10 100 1 x 10-2 4.5 2 74 

3.5.3. Effect of H2O2. 

The recombination of electrons and holes (e-/h+) is a significant challenge in 

photocatalytic studies. To address this issue, Malato [35] and his colleagues have explored the 

use of electron acceptors to inhibit e-/h+ recombination. The present study conducted 

photocatalytic reactions both with and without the addition of hydrogen peroxide (H2O2) as an 

electron acceptor. 

It was observed that in the absence of H2O2, only 38% of phenol red degradation 

occurred over the Ca2Fe2O5 catalyst. However, when H2O2 was present in the reaction medium, 

the photodegradation yield significantly improved, reaching 100%. The addition of H2O2 

effectively hindered e-/h+ recombination, leading to enhanced photocatalytic degradation of 

phenol red. 

It is worth noting that excessive amounts of H2O2 did not further enhance the 

photocatalytic degradation, and instead, it resulted in a decrease in phenol red degradation 

efficiency (as shown in Table 1). This observation suggests that the optimal amount of H2O2 is 

crucial for achieving maximum photocatalytic efficiency and further emphasizes the 

importance of balancing electron acceptor concentration in the reaction medium. 

3.5.4. Degradation of phenol red from aqueous solutions using Ca2Fe2O5 photocatalyst in the 

presence of H2O2 under UV irradiation. 

The photocatalytic experiments were conducted under UV light irradiation using 

various concentrations of phenol red (10, 30, 50, 100, 150, and 200 ppm) with the optimized 

reaction conditions over the Ca2Fe2O5 catalyst (catalyst 0.08 g, pH 4.5, and H2O2 0.01 mmol).  

Table 2. Percentage of phenol red (PR) degradation and rate constant over the Ca2Fe2O5 photocatalyst under UV 

irradiation. 

S. No. Conc. of PR 

(ppm) 

Conc. of H2O2 

(mmol.) 

Duration 

(h) 

PR degradation 

(%) 

Rate constant 

k (min−1) 

1 10 1x10-2 0.5 100 3.13x10-2 

2 30 1x10-2 1 100 5.04x10-3 

3 50 1x10-2 2 100 5.72x10-3 

4 80 1x10-2 3.5 99 9.82x10-3 

5 100 1x10-2 4 94 7.51x10-3 

6 120 1x10-2 6 62 - 

7 150 1x10-2 6 47 - 

8 200 1x10-2 6 36 - 

 

To establish control, blank tests were also performed by irradiating phenol red aqueous 

solution alone without the catalyst for one and a half hours, with samples collected at 15-minute 
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intervals to monitor any changes. However, no significant degradation was observed in the 

blank tests, indicating that the organic compound in the solution was stable under UV light 

even after one and a half hours of irradiation. 

The photodegradation profiles of phenol red over the Ca2Fe2O5 photocatalyst under UV 

irradiation at different concentrations of phenol red and with the optimized conditions (catalyst 

0.08 g, pH 4.5, and H2O2 0.01 mmol) are shown in Figure 7(A), and the corresponding 

degradation efficiencies are presented in Table 2. As time progressed, the concentration of 

phenol red in the water decreased and eventually approached zero, indicating 100% removal 

of phenol red from the water over the Ca2Fe2O5 catalyst. The results demonstrate efficient 

phenol red degradation over the Ca2Fe2O5 catalyst in a relatively short duration. However, at 

higher concentrations (> 100 ppm), the degradation efficiency decreased, which could be 

attributed to blocking active sites by previously adsorbed phenol red molecules. 

The kinetics of phenol red degradation (in Figure 8) followed the first-order kinetics as 

given below.  

ln (Ct/C0) = -kt   (2) 

Where C0 and Ct denote the initial concentration of phenol red and the concentration 

at UV illumination time t (h), respectively, and k (h−1) represents the rate constant of the first-

order reaction. The first-order rate constant k values were derived from the slope of the curve 

obtained by plotting −ln(Ct/C0) against time for various concentrations (refer to Figure 7). The 

determined k values are presented in Table 2 and are found to be 3.13x10-2, 5.04x10-3, 5.72x10-

3, 9.82x10-3and 7.51x10-3 for the degradation of 10, 30, 50, 80, 100 ppm of phenol red 

respectively with the Ca2Fe2O5 photocatalyst.  

 

Figure 7. Representative UV-Vis degradation profiles of phenol red with respect to time on (A) Ca2Fe2O5; (B) 

Ca2Fe2O5– TiO2 photocatalysts. 
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Figure 8. First-order kinetics of (A) 10 ppm; (B) 30 ppm; (C) 50 ppm; (D) 80 ppm; (E) 100 ppm of phenol 

red degradation as a function of time with Ca2Fe2O5 photocatalyst. 

3.5.5. Degradation of phenol red with Ca2Fe2O5–TiO2 composite with H2O2 under UV 

irradiation. 

The photocatalytic degradation of phenol red was studied under UV light irradiation 

using the Ca2Fe2O5–TiO2 catalyst with the addition of H2O2 at various concentrations (100-

1000 ppm), as shown in Table 3. The degradation profiles for selected concentrations are 

illustrated in Figure 7(B). Substantial changes were observed in the absorption maximum at 

432 nm over time, indicating a complete degradation of phenol red (100% degradation). Table 

3 shows that the Ca2Fe2O5–TiO2 catalyst exhibited 100-74% degradation of phenol red within 

2.5 to 9 hours for concentrations of 100, 200, 300, 500, 800, and 1000 ppm. 

The rate constants (k) for the reactions were determined from the slope of the curve 

obtained when −ln(Ct/C0) was plotted against time for various concentrations (Figure 8). The 

calculated k values for the degradation of 100, 200, 300, and 500 ppm of phenol red with the 

Ca2Fe2O5–TiO2 photocatalyst were found to be 2.18x10-2, 1.08x10-2, 6.41x10-3, and 6.16 x 10-

3 h−1, respectively. These results demonstrate the efficient and rapid degradation of phenol red 

by the Ca2Fe2O5–TiO2 photocatalyst. 
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Table 3. Percentage of phenol red (PR) degradation and rate constant over the Ca2Fe2O5-TiO2 nanocomposite 

photocatalyst under UV irradiation. 

S. No. 
Conc. of PR 

(ppm) 

Conc. H2O2 

(mmol.) 

Duration 

(h) 

PR degradation 

(%) 

Rate constant 

k (min−1) 

1 100 1x10-2 2.5 100 2.18x10-2 

2 200 1x10-2 3.5 100 1.08x10-2 

3 300 1x10-2 5 100 6.41x10-3 

4 500 1x10-2 6 100 6.16x10-3 

5 800 1x10-2 9 90 - 

6 1000 1x10-2 9 74 - 

3.5.6. Mechanistic studies of degradation of phenol red. 

The results of the present study demonstrate that the photocatalytic efficiency can be 

significantly improved by adding hydrogen peroxide to the reaction mixture in combination 

with Ca2Fe2O5 and Ca2Fe2O5-TiO2 (as shown in Figure 9). The presence of H2O2 plays a crucial 

role in the photocatalytic process, as there is a direct relationship between the concentration of 

H2O2 and the degradation of phenol red. The photocatalytic degradation increases with higher 

concentrations of H2O2 due to its electron acceptor nature, consistent with previous research 

findings [37-39]. 

 

  

  
Figure 9. First-order kinetics of (A) 100 ppm; (B) 200 ppm; (C) 300 ppm; (D) 1000 ppm of phenol red 

degradation as a function of time with Ca2Fe2O5–TiO2 photocatalyst. 

 

The beneficial effect of H2O2 addition can be explained in two ways: firstly, the 

production of additional OH radicals, which have a standard redox potential of +2.8 V, act as 

strong oxidizing agents under UV light radiation [40]. These OH radicals play a key role in 

degrading phenol red and other organic pollutants. Secondly, the presence of H2O2 enhances 

the separation of electron-hole pairs generated during the photocatalytic process, thus reducing 

the recombination of these charge carriers, which would otherwise limit the photocatalytic 

efficiency [41]. The combination of Ca2Fe2O5 and TiO2 in the composite further enhances the 
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photocatalytic performance, leading to rapid and efficient degradation of phenol red under UV 

irradiation in the presence of H2O2. The general mechanism is shown below: 

Ca2Fe2O5 + h (UV)           eCB
-  + hVB

+ 

hVB
+ + H2O              H+ + OH 

eCB
-   + O2                            O2

-  

H2O2 +   eCB
-  OH + OH- 

H2O2 +   h  OH + OH 

H2O2 +   O2
-  OH + OH- + O2 

(b) inhibition of e-/h+ recombination can be explained in terms of catalyst surface 

modification via H2O2 adsorption and scavenging of photoproduced holes by the following 

reaction: 

H2O2 + 2hVB
+   O2 + 2H+ 

Hydroxyl radicals decompose the dye into simpler ions/molecules such as carbon 

dioxide, water, sulfur dioxide, etc. 

Phenol red + OH               Products  

OH + OH               H2O2 

H2O2               2H2O +   O2 

Therefore, the reactions described above suggest that UV/Catalyst/H2O2 systems are 

likely to generate more hydroxyl radicals, along with the potential appearance of other 

oxidizing species during the electron/hole generation process. 

3.5.7. Comparison of the results with previous studies. 

Comparing the present study with previous reports on the photocatalytic degradation of 

phenol red, some notable differences and advantages can be observed. Table 4 shows that most 

of the previous studies used lower concentrations of phenol red for photocatalytic degradation, 

and their degradation efficiencies were generally lower compared to the results obtained in the 

present study. The present study uses a wide range of phenol red concentrations (ranging from 

10 to 1000 ppm) in water for degradation.  

Remarkably, the UV/H2O2/Ca2Fe2O5-TiO2 system achieved 100% degradation 

efficiency for concentrations between 100 and 500 ppm of phenol red and still showed a high 

% degradation efficiency of 74% for concentrations of 800 and 1000 ppm. These results are 

significant and demonstrate the effectiveness of the Ca2Fe2O5-TiO2 composite in efficiently 

degrading high concentrations of phenol red in aqueous solutions. 

The high potential of the Ca2Fe2O5-TiO2 system as an industrial catalyst for the removal 

of dye effluents from wastewater is highlighted by these results. The ability to achieve such 

high degradation efficiencies for a wide range of concentrations indicates the promising 

application of this photocatalytic system for treating industrial wastewater containing high 

concentrations of dye pollutants. The UV/H2O2/Ca2Fe2O5-TiO2 system can be a cost-effective 

and environmentally friendly solution for the treatment of dye-contaminated wastewater in 

various industries. The study's findings contribute to the growing interest in using advanced 

nanocomposite photocatalysts for effective water treatment and environmental remediation. 
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Table 4. Comparison of photocatalytic activity of the present studies with the reported systems. 

Catalyst PR Conc. (ppm) Type of Radiation Degradation (%) References 

Ca2Fe2O5 10-100 UV 100-94 Present study 

Ca2Fe2O5-TiO2 10-500 UV 100 Present study 

800-1000 90-74 

Ni-doped Niobia/carbon composite 12.5 UV 82 [41] 

BiLaFeO3 3.5 Visible 90 [42] 

NiMn2O4 18 UV 98 [43] 

Fe (III) Goethite 3.54 Solar light 98 [44] 

TiO2 nanoparticles 10 UV 94 [45] 

4. Conclusion 

The synthesis of Ca2Fe2O5 and Ca2Fe2O5-TiO2 photocatalysts was successfully 

prepared via the microwave-assisted hydrothermal method. Characterization revealed band gap 

energies of 2.48 eV for Ca2Fe2O5 and 3.64 eV for Ca2Fe2O5-TiO2, with X-ray diffraction 

confirming the presence of the brownmillerite phase in both materials. Morphological analysis 

using FE-SEM indicated a flake-like structure for Ca2Fe2O5 and a combination of particle and 

flake-like morphology for Ca2Fe2O5-TiO2. 

The photocatalytic activity of these materials was assessed for phenol red dye 

degradation across concentrations ranging from 10 ppm to 1000 ppm under optimized 

conditions: 0.01 mmol H2O2, pH 4.5, and 0.08 g catalyst. Degradation efficiencies ranged from 

100% to 74% for both materials, with Ca2Fe2O5-TiO2 exhibiting superior performance, 

particularly at high dye concentrations, attributed to TiO2 presence enhancing degradation 

capacity. 

Phenol red degradation kinetics followed first-order reactions for both photocatalysts. 

These findings underscore the potential of the Ca2Fe2O5-TiO2 composite as a cost-effective 

nanomaterial for industrial wastewater treatment, offering enhanced photocatalytic properties 

and efficient organic pollutant degradation, thus finding applications in environmental 

remediation and water treatment. 
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