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TiO2 nanoparticles were immobilized on mortar spheres and subsequently packed into a tubular reactor equipped with a concentrical submergible UV lamp for photocatalytic decolorization of aniline blue solution. The microstructure and chemical composition of TiO2 layer on the spheres, the efficiency for aniline decolorization, and the durability of the TiO2 coating were studied. In this work, the mean thickness of the TiO2 layer was 4.01 ± 0.55 µm, while the mean mass loading on the substrate was 5.6 ± 0.61 mg/cm2. Then, the photocatalytic reactor showed excellent performance for dye removal, reaching levels between 95%–97% in 150 min under UV light. Moreover, by radical scavenging experiments, h+, O2.-, and ⋅OH were identified as the main reactive species. Even after twenty consecutive cycles, the removal efficiencies were higher than 83% and the decrease of efficiency was related to the partial detachment of the TiO2 layer (mean thickness decreased to 2.17 µm) which was verified by FESEM-EDX and metallographic microscopy. Finally, based on results, it is worth noting that the effective immobilization of TiO2 photocatalyst on the mortar spheres as substrate facilitates catalyst recovery, improves recyclability, and enables continuous water treatment. Therefore, this technology is a promising option for the removal of dyes in water, we even suggest that the proposed photocatalytic reactor could be scaled up for the treatment of effluents from textile industries, contributing to the abatement of water pollution.
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1 INTRODUCTION
Due to the rapid development of industrialization and urbanization, the water pollution is increasing dramatically worldwide, mainly due to wastewater discharges from industries such as textile, leather dyeing, plastic, rubber, paper, photographic, cosmetic, drug and food processing, as well as landfill leachates (by hydrolysis of several compounds) and discharges from livestock, hospital and municipal activities (Aguilar-Aguilar et al., 2023; Azizi et al., 2022; Pedro-Cedillo et al., 2019). These effluents contain various types of persistent and toxic pollutants, including pharmaceuticals, illegal drugs, personal care products, pesticides, nutrients, solvents, plasticizers, brominated and chlorinated flame retardants, surfactants, hormones, microplastics, and synthetic organic dyes, among many other compounds (Aguilar-Aguilar et al., 2023; Rathi et al., 2021; Rathi et al., 2021). To treat these wastewater, numerous investigations have focused on alternatives for the effective removal of contaminants through various treatment techniques, including physical, chemical, and biological processes (Kumar et al., 2022). Among these technologies, heterogeneous photocatalysis with TiO2 has gained great attention due to its high activity in UV range, low cost, easy operation, good reusability, gentle reaction temperature, and high efficiency for complete degradation and mineralization of several contaminant mixtures (Feng et al., 2019). However, the main disadvantage of photocatalysis-TiO2 for the scale-up is the use of the catalyst in aqueous suspension since an extra filtration step is required to separate and reuse the TiO2 powders, which can be solved if the TiO2 is immobilized on an appropriate substrate to facilitate catalyst recovery, improve recyclability, and allow the water treatment in continuous cycles (Durán et al., 2018). In recent years, many kinds of substrates have been explored, including glass (Cunha et al., 2018; Malakootian et al., 2020), activated carbon (Gar Alalm et al., 2016; Zeng et al., 2021), polymeric membranes (Tran et al., 2020), chitosan microbeads (Aba Guevara et al., 2021), cellulose (Hamad et al., 2018), stainless steel (Monteserín et al., 2024), clay (Bunea et al., 2023; Sraw et al., 2018), quartz sand (Eddy et al., 2015), ceramics (Danfá et al., 2021), and others, such as cement paste and mortars (Choi, 2024; Feng et al., 2019). Cement-based materials are one of the most widely used and consumed materials worldwide, and the plentiful pore structure, excellent chemical stability, durability and low-cost make cement-based materials as a suitable substrate for photocatalyst immobilization. In previous studies, TiO2 has been immobilized on cement substrates by different methods: mixing TiO2 with the cement powder, penetration of TiO2 slurry into cement blocks, and sprinkling TiO2 powders on the surface of fresh cement. However, these methods have shortcomings such as low photocatalytic activity and less uniform dispersion (Feng et al., 2019). Therefore, it is necessary to explore other techniques that can be implemented to remove dyes more effectively. Thus, in this research, TiO2 nanoparticles were effectively immobilized on mortar spheres using an easy-to-apply painting coating. In this sense, it is worth noting that the effective immobilization of TiO2 on the mortar spheres can facilitate catalyst recovery and improve photocatalyst recyclability.
On the other hand, in most photoreactors the light source is located outside the solution and only a fraction of the irradiated light interacts with the photocatalysts. To overcome this problem, we have designed a tubular vertical reactor equipped with a submersible UV lamp inside and downward water recirculation. Then, the coated spheres were packed around the lamp to maximize the illumination of the photocatalytic surface and the generation of reactive species. Thus, the constructed reactor was assessed for the complete decolorization of an aniline blue solution, which was used as an example of organic pollutant from the textile industries. To our knowledge, a similar reactor configuration filled with TiO2-coated mortar spheres has not been reported yet. Therefore, the main objective of this work was to provide an effective and low-cost alternative to immobilize TiO2 nanoparticles on mortar spheres to facilitate catalyst recovery and improve photocatalyst recyclability during continuous water treatment cycles. The TiO2-coated mortar spheres were activated with UV light inside the vertical reactor as an alternative for water decontamination, and the microstructure, chemical composition, durability of the TiO2 coating as well as its efficiency in removing aniline blue were also studied.
2 EXPERIMENTAL SECTION
2.1 Immobilization of TiO2 on mortar spheres
Commercial TiO2 nanoparticles (P25 Evonik Aeroxide) were selected for immobilization on the mortar spheres due to its high efficiency in many photocatalytic applications (Tobaldi et al., 2014). This semiconductor is made of anatase and rutile phases (percentage 80:20 approximately) with particle size distribution between 14 and 21 nm (Evonik Industries AG, 2023) and specific surface area between 35 and 65 m2/g. Furthermore, the UV-vis spectra of the TiO2 nanoparticles were recorded using Genesys 10S equipment (Thermo Scientific) from 200 to 800 nm, and the optical band gap of the catalyst was calculated by the Tauc plot method (Guayaquil-Sosa et al., 2017).
Mortar spheres were made by mixing ordinary Portland Cement (CPC 30R RS, Cruz Azul, Mexico), river sand from local suppliers (size particle < 1 mm) and tap water in ratios 2:1:1 w/w, respectively. The mortar spheres were manufactured in plastic moulds (diameter of 2.5 cm) with a setting time of 24 h, washed with plenty of water to remove any impurities, and dried for 24 h at room temperature, it is important to mention that the average mass of the mortar spheres was 18.47 g and its density was 2.25 g/cm3 (data calculated for 30 dried spheres).
For the immobilization of the photocatalyst on the mortar spheres, a TiO2 suspension was prepared by mixing 5g of powder in 50 mL of ethanol (96%) and placed 15 min in ultrasound water bath (70 Hz) for a complete homogenization. Immediately, TiO2 photocatalysts was supported on the mortar spheres by the painting coating technique using a soft paint brush (width 0.7 cm) alternating the direction of three applications, then the spheres were dried at 60°C (1 h) between each layer. After 24 h of drying at 60°C, the spheres were washed with distilled water to remove the excess of ethanol and TiO2 that did not adhere to the surface. To study the effective immobilization of TiO2 on the substrate, several spheres were randomly selected and analysed by FESEM-EDX technique (JSM-70601F, JEOL) and FTIR-ATR spectroscopy from 4,000 to 600 cm-1 (Nicolet iS50, Thermo Scientific). The thickness of TiO2 coating was measured by metallographic microscopy (Axiolab 5, Zeiss) and the mass of the catalyst supported on the spheres was estimated by a gravimetric method.
2.2 Reactor setup
For the construction of the reactor, a transparent acrylic tube was employed (diameter 10 cm, length 35 cm, 5 mm thick). Then, a submersible UVC lamp (7W, 110 V, λ = 254 nm, Pyhodi) was installed into the reactor, similar to those reported by Durán et al. (2018), for aniline degradation; a recirculation pump (10 L/min, 12 V) and a drain valve were also installed as shown in Figure 1. It should be noted that the reactor was operated with downward recirculation and a water diffuser was employed to generate a turbulent flow within the reactor to promote the interaction between the contaminant and the photocatalytic surface. Finally, the reactor was packed with sixty TiO2-coated mortar spheres which were manually arranged around the UV lamp.
[image: Figure 1]FIGURE 1 | Schematic configuration of the photocatalytic reactor packed with TiO2-coated mortar spheres.
2.3 Photocatalytic tests
In this study, aniline blue (C32H25N3O9S3Na2, CAS 28631–66-5) was utilized to simulate pollutants in water since this compound is an important raw material of dyes, and is always a common by-product from the azo dye degradation; aniline have been listed as priority pollutant and is difficult to be completely removed in dyeing wastewater treatment (Zhang et al., 2021).
The experiments for the photocatalytic decolorization of aniline blue were performed at natural pH (6.0–6.6), atmospheric pressure and room temperature, recirculation at 10 L/min, and UV light as illumination source (λ = 254 nm). The reactor was operated in batch mode to treat 1.2 L of aniline blue solution (at initial concentrations of 5, 10 and 15 mg/L) using tap water and distilled water as aqueous matrix, the main characteristics of tap water and distilled water are shown in Table 1, it is worth noting that the temperature of dye solution during the experiments was 27.0°C ± 0.9°C. Before the UV irradiation, the aniline blue solution was stirred by recirculating into the reactor (30 min in the dark) to ensure the adsorption-desorption equilibrium among the dye and the supported TiO2. Then, the UV lamp was turned on and several water samples (5 mL) were taken every 30 min up to 150 min for subsequent analysis; moreover, the samples were centrifuged (4,000 rpm × 5 min, GP6 Scientific Centurion) to remove possible TiO2 particles and the concentration of aniline blue was measured by UV-Vis spectrophotometry at max wavelength absorption λ = 630 nm (Genesys 10S). The effect of initial dye concentration was investigated and the efficiency in terms of dye removal (DR) was evaluated as follows: %DR = ((C0 - Ct) × 100)/C0, where C0 and Ct (in mg/L) are the initial dye concentration and at time t.
TABLE 1 | Main characteristics of the tap water and distilled water used in the photocatalytic experiments for dye removal.
[image: Table 1]3 RESULTS AND DISCUSSION
3.1 Characterization of the TiO2 layer on mortar spheres
Prior to the immobilization of the TiO2 nanoparticles on mortar spheres, the UV-Vis spectra absorption of the catalyst was investigated; Figure 2 shows the UV-Vis spectra recorded from 200 to 800 nm and the λmax was observed at ∼322 nm, which reveal its excellent UV absorption capability as has been widely reported (Galata et al., 2019; Guayaquil-Sosa et al., 2017). Moreover, the optical bandgap of the TiO2 nanoparticles was calculated from the recorded UV-Vis spectra using the Tauc method and a value of 3.1 eV was obtained, which is in agreement with the bandgap reported for commercial TiO2 P25 Evonik, between 3.1 and 3.3 eV (Guayaquil-Sosa et al., 2017; Pennington et al., 2018; Siah et al., 2016).
[image: Figure 2]FIGURE 2 | UV-Vis spectra of the TiO2 nanoparticles. Inset: optical bandgap calculated by the Tauc plot.
Prior to the photocatalytic applications, the morphology of the TiO2-coated mortar spheres was investigated by FESEM technique and selected representative images are shown in Figure 3. At the same time, EDX analysis was used to estimate the surface chemical composition of the studied spheres with and without TiO2. Figure 3a shows the surface of the uncoated TiO2-mortar spheres, showing predominant heterogenous and grainy surface, which was considered as a good support for TiO2 nanostructures according to Gholami et al., (Gholami et al., 2018). Moreover, EDX analysis revealed that the surface of the spheres is composed of elements characteristic of cement, such as Ca, Si, and O (derived from CaO and SiO). From Figures 3b,c, it is clearly observed that TiO2 nanoparticles are uniformly coated on the substrate and randomly distributed in the grainy surface (Jafari and Afshar, 2016), while the main elements are Ti and O (from TiO2), C (probably from residual ethanol or CO2 absorbed on the surface), Si and Ca (from CaO, SiO, and interaction with the mortar surface).
[image: Figure 3]FIGURE 3 | SEM image and EDX analysis for (a, b) surface of a mortar sphere without TiO2, (c, d) TiO2-coated mortar sphere.
Furthermore, the incorporation of TiO2 on the substrate also was investigated by FTIR-ATR technique and the results are depicted in Figure 4a, both FTIR spectra showed similar patterns and bands at 3,400 cm-1 were associated to the O-H stretching mode of water molecules absorbed on the surface of the spheres, the peaks around 2,363 cm-1 are often attributed to atmospheric CO2 molecules, while peaks at 1,408, 869 and 712 cm-1 corresponded to the vibration of CO32-, as well as peaks located at 958 cm-1 corresponds to Si-O bonds from the mortar substrate (Meng et al., 2022; Ulukaya et al., 2017). It should be noted that the peak located at 668 cm-1 corresponds to the vibration of Ti-O-Ti bonds (Zhang et al., 2019) which confirms the successfully incorporation of TiO2 nanoparticles on the mortar substrate. On the other hand, several cross section of the TiO2 layer on the substrate were observed by metallographic microscopy (10x) and the mean thickness of the immobilized TiO2 coating was estimated to be 4.01 ± 0.55 µm, as can be seen in Figure 4. Finally, by the constant mass gravimetric method, the catalyst loading on the mortar spheres was determined to be 5.6 ± 0.61 mg/cm2, almost 3.5 times the mass loading on quartz surface used by Durán et al. (2018) for aniline removal.
[image: Figure 4]FIGURE 4 | (a) FTIR spectra of the uncoated and TiO2-coated spheres. (b, c) Estimation of the thickness of TiO2 layer immobilized on the substrate, micrographs correspond to cross section of representative mortar spheres (metallography microscopy 10X).
3.2 Photocatalytic tests
The photocatalytic performance of the reactor packed with TiO2-coated mortar spheres (depicted in Figure 1) was assessed for decolorization of aniline blue solution under UV light (1.2 L in all cases), and results are shown in Figure 5. First, the effect of initial aniline concentration was evaluated from 0 to 150 min (Figure 5a) and slight variations for dye removal were observed; the efficiencies for dye removal were 90.3% at initial concentration of 5 mg/L, 96.3% at 10 mg/L, and 95.6% at 15 mg/L. In these experiments, the lowest efficiency (90.3%) was obtained at initial concentration of 5 mg/L, which could be related to the less interaction between the dye and the active sites of TiO2 and generated reactive species. Nevertheless, in this work, no differences for dye removal were observed at the highest concentrations of 10 and 15 mg/L. Previously, it has been reported that there is a significant decrease in the efficiency with increasing dye concentration, since more organic molecules (dye or by-products) are adsorbed on the active sites of TiO2 and the generation of radicals is suppressed, in addition, the high dye concentration can absorb a fraction of UV light and less photon´s energy reaches the active sites on the catalyst, resulting in a lower amount of reactive species (Abdellah et al., 2018; Feng et al., 2019). Based on the results, the increase of dye concentration did not affect the reactor efficiency, showing excellent performance for aniline removal at initial levels of 10 and 15 mg/L with efficiencies higher than 95%. On the other hand, in several investigations about photocatalysis with TiO2, distilled water is often used to prepare synthetic samples to obtain optimal conditions and the effect of the main constituents of water are underestimated. However, in this work, tap water was used as aqueous matrix in all experiments, and no interferences attributed to the content of TDS, COD, alkalinity, total hardness or chloride, among others, were identified with respect to the experiments conducted with distilled water.
[image: Figure 5]FIGURE 5 | (a) Photocatalytic decolorization of aniline blue at different initial concentrations (5, 10 and 15 mg/L), (b) dye removal and control tests, (c) pseudo first-order kinetics modelling (k, min-1), (d) UV-Vis absorption spectra of aniline blue solution during the photocatalytic experiments.
In addition, control tests were conducted to explore the influence of UV photolysis and adsorption processes on aniline decolorization. Both experiments were carried out by triplicate, initial concentration of 10 mg/L, recirculation at 10 L/min, and 150 min of reaction. UV photolysis experiments were carried out using mortar spheres without TiO2, and the adsorption tests were performed using the uncoated and TiO2-coated spheres with the UV lamp off. In this sense, adsorption of aniline blue was not observed in the experiments using uncoated spheres, while the adsorption on TiO2-coated spheres was less than 3% (as depicted in Figure 5b). Moreover, UV photolysis contributes significantly to the dye removal (about 60%) due to the high photon´s energy (4.8 eV) that can degrade the dye molecules in solution and induce the dissociation of water molecules into ·OH. However, the best results were obtained by the activation of TiO2 under UV light to lead the production of reactive species such as ·OH, O2·-, h+, and H2O2 (Feng et al., 2019), which increased the aniline blue decomposition rates 2.75 times compared with UV photolysis according to pseudo first-order kinetics displayed in Figure 5c, where the rate constant for the reaction kinetics (k) were 20.27 × 10−3 min-1 for TiO2/UV photocatalysis >7.36 × 10−3 min-1 for UV photolysis >0.1 × 10−3 min-1 for adsorption on TiO2-coated spheres, it should be noted that the reaction kinetics of dye removal was well fitted for a pseudo-first-order reaction with R2 > 0.9890. Furthermore, Figure 5d shows the UV-Vis absorption spectra of aniline blue at different reaction times and a marked decrease in the absorption levels was observed (between 300 and 750 nm), which is related to the decomposition of aniline blue and the decolorization of the water samples as can be seen in the inset (Figure 5d) where total decolorization of the aqueous solution was achieved after 150 min, showing the excellent performance of the photocatalytic reactor packed with TiO2-coated mortar spheres.
As comparisons with other studies, the immobilization of TiO2 on mortar blocks was evaluated by spraying method for the degradation of methyl orange under UV light and 73.8% of efficiency was achieved in 120 min (Guo et al., 2020). Also, TiO2 nanoparticles were supported by smear method on discs of cement paste and mortar (10 cm of diameter) for complete removal of rhodamine B, methylene blue and methyl orange under UV light in 50 min (Feng et al., 2019). Likewise, Gholami et al., reported the immobilization of TiO2 nanoparticles on the surface of fixed-bed reactor for removal of 98% of the chemical oxygen demand from wastewater after 8 h under UV irradiation (Gholami et al., 2018). Thus, it is evidenced that the immobilization of TiO2 nanoparticles on cement substrates is an effective alternative for photocatalytic water decontamination. On the other hand, substrates such as borosilicate glass spheres (Ø = 5 mm) and quartz rotating drums also has been employed for the immobilization of TiO2, achieving removal efficiencies between 89.6% and 96% for methylene blue and aniline respectively (da Cunha et al., 2016; Durán et al., 2018). In addition, Table 2 summarizes the comparison of the aniline blue removal efficiencies using different photocatalytic processes, this table provide current and important information to enrich the existing knowledge on the removal of aniline blue and other toxic dyes by heterogeneous photocatalysis.
TABLE 2 | Comparison of different methods for the photocatalytic degradation of aniline blue.
[image: Table 2]3.3 Photocatalytic mechanism and reusability tests
Figure 6 shows the suggested photocatalytic mechanism for TiO2-coated mortar spheres, where the main reactions for production of reactive species are displayed. In this sense, TiO2 is a typical wide bandgap semiconductor (3.1–3.2 eV) with a well-described energy band structure (Guo et al., 2020) consisting of a valence band (VB) filled with electrons and an empty conduction band (CB). In this investigation, it is suggested that the irradiation energy from UV lamp (4.8 eV) higher than the bandgap of immobilized TiO2 promoted the excitation of electrons (e-) from VB to the CB, and the corresponding holes (h+) are generated in the VB, giving rise to “electron-hole” pairs. Then, electrons in the CB can further react with the dissolved oxygen in the aqueous medium and produce the superoxide radicals (O2.-). Moreover, the superoxide radicals can further react with hydrogen ions (H+) in water and generate HO2, which can subsequently react with e- and H+ to produce H2O2. Finally, H2O2 can react with e- to produce . OH and −OH, while the photocatalytic decomposition of H2O2 also contributes to generation of ⋅OH as reported by Gholami et al., (Gholami et al., 2018). On the other hand, the holes produced in the VB can capture −OH ions from water to generate . OH. Therefore, according to those reported by several authors, h+, O2.-, .OH and H2O2 are the main reactive oxygen species that can degrade pollutants to small green molecules such as CO2 and H2O (Feng et al., 2019; Guo et al., 2020). In fact, in this work the reactive oxygen species were determined by radical scavenging experiments, where formic acid (FA), p-benzoquinone (BQ), and isopropanol (IPA) were added separately (1 mM each) and used as radical trapping agents of h+, O2.-, and ⋅OH. The results evidenced that the dye removal ranged between 95%–96% without scavengers, while when FA, BQ, and IPA were added to the reaction, the dye removal decreased significantly, to levels of 14.5, 22.0, and 12.5%, respectively. Therefore, these experiments demonstrated that h+, O2.-, and . OH were the main reactive species, responsible of the complete decolorization of aniline blue solution as can be seen Figure 5d.
[image: Figure 6]FIGURE 6 | Schematic illustration for photocatalysis mechanism of TiO2 immobilized on the substrate.
The study of the reuse and durability of catalysts is of great importance to reduce costs associated with this process for possible industrial applications. Therefore, in order to test the durability of the TiO2 immobilized on the substrate, the reactor was reused for twenty sequencing cycles under the best selected conditions (10 mg/L as initial aniline blue concentration, UV irradiation, recirculation at 10 L/min, pH 6.5–7.0, 150 min reaction time). After the reusability tests, ten spheres were randomly selected and the TiO2 layer was analyzed by FESEM-EDX and metallographic microscopy to explore the microstructure of the coating. Based on the results, the photocatalytic reactor proposed in this work shows good performance for dye removal during twenty consecutive cycles ranging from 83% to 97%, which is displayed in Figure 7a. However, in cycles 3, 7, 9 and 11, an increase in the performance of the photocatalytic reactor is observed, which can be attributed to variations inherent of the experiments, which even increases the reliability of the results. These variations during the reuse cycles were attributed to the changes in the composition of tap water samples, which may contain various salts, ions or organic compounds that can enhance or suppress the reactor efficiency over time. The efficiency for dye removal clearly decreased with the continuous reuse of the coated spheres, which can probably be related with the poisoning, photocorrosion or photodissolution of the catalyst as mentioned by López-Velázquez et al., (López-velázquez et al., 2023). In fact, by metallographic microscopy the decrease of thickness of TiO2 layer was verified, after twenty reuse cycles, the mean thickness of the catalyst layer decreased from 4.01 ± 0.55 to 2.17 ± 0.38 µm (Figure 7b). Moreover, the FESEM analysis of the reused spheres showed a heterogenous and grainy surface that evidenced the partial degradation of the TiO2 layer (Figure 7c) and coincided with the decrease of Ti content, as well as the increment of Ca and Si (from mortar sphere) determined by EDX technique (Figure 7d).
[image: Figure 7]FIGURE 7 | (a) results of reusability test (n = 20 cycles), (b) thickness of TiO2 layer after 20 cycles, (c, d) FESEM-EDX analysis of TiO2 layer after 20 consecutive reuses.
3.4 Limitations and prospects
This study constitutes a proposal of low-cost alternative for the immobilization of TiO2 nanoparticles on mortar spheres which were packed into a vertical UV reactor and excellent performance for decolorization of aniline blue was demonstrated. However, after twenty cycles of consecutive reuses the efficiency decreased from 96% to 83%, which can be related to the partial detachment of the TiO2 layer. Therefore, some improvements for the most effective immobilization of the catalyst can be investigated in further studies. For example, various mass ratios of the mortar components can be explored to modify the porosity of the substrate to improve the adhesion of TiO2 nanoparticles. Furthermore, some additives can be added to the TiO2 slurry to increase de adhesion of the catalyst to the surface of the mortar spheres, such as: waterproof emulsions (Feng et al., 2019), methanol (Gholami et al., 2018), 2-propanol or polyethylene glycol (Cunha et al., 2018). Even dip, spray or smear coating processes can be evaluated to improve TiO2 immobilization on mortar spheres.
On the other hand, as mentioned above, in this work the experiments were performed using a synthetic solution of aniline blue in tap water (10 mg/L). However, it is of great importance to evaluate the effectiveness of the photocatalytic reactor to degrade organic matter contained in real wastewater samples. Based on the results for photocatalytic decolorization of aniline blue, the proposed photocatalytic reactor can be a promising option that could be employed for industrial applications, mainly for decolorization of the effluents from the textile industries that contain high levels of organic dyes and many other organic components. However, the effectiveness of the proposed photocatalytic reactor for the removal of several cationic and anionic dyes, or mixtures of them, should be investigated in further studies. Finally, based on our experience with photocatalytic processes for water treatment and according with previous works (Abdellah et al., 2018; Cunha et al., 2018; Durán et al., 2018; Feng et al., 2019; Gholami et al., 2018; Guo et al., 2020), we suggest the use and application of commercial TiO2 nanoparticles in photocatalytic processes for water decontamination due to the wide advantages, such as: well-known physical and chemical characteristics, high photocatalytic activity under UV irradiation, structural stability, low cost, and among many others.
4 CONCLUSION
In summary, TiO2 nanoparticles were adequately immobilized on mortar spheres by the painting coating method which is an effective strategy for photocatalytic purposes. In fact, it is worth noting that the effective immobilization of TiO2 photocatalyst on the mortar spheres is an efficient strategy to facilitate catalyst recovery, improve recyclability, and enable continuous water treatment. In this work, the mean thickness of the TiO2 layer was 4.01 µm, while the mean mass loading on the substrate was 5.6 mg/cm2. Then, the photocatalytic reactor showed excellent performance under UV irradiation for dye removal reaching levels between 95%–97%. Even after twenty consecutive cycles the efficiencies were higher than 83% and the decrease was related to the partial detachment of the TiO2 layer which was verified by FESEM-EDX and metallographic microscopy. Finally, this technology is a promising option for the treatment of water contaminated with organic dyes, we even suggest that the photocatalytic reactor could be optimized and used on a large-scale for decolorization of effluents from textile industries, contributing to the abatement of water pollution.
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Aniline blue Experimental conditions Degradation References
concentration (%)
TiO; photocatalysis 10 mg/L TiO;-coated mortar spheres activated under UV | 150 963 ‘This study
light (254 nm)
TiO, photocatalysis 1 mM Stainless-steel foams covered with TiO, under 120 95 Visquez et al.
visible light, pH 3, aerated (2020)
NiO/CuO photocatalysis 1,000 mg/L NiO/CuO nanocomposites activated under 60 91 Muhambihai et al.
sunlight (2020)
CuO photocatalysis 375 mg/L CuO nanoparticles (prepared by a green method) | 120 9Ll Mishra et al. (2024)
activated under sunlight
CoFe,0,/g-C:N,/bentonite | 10 mg/L Photocatalysts were activated under solar 50 885 ‘Thakurata et al.
‘nanocomposites as irradiation in presence of H0, (2022)
photocatalyst
Ag nanoparticles as catalyst | 1 mM Ag nanoparticles were prepared by a green 12 86 Gokul Eswaran
method and employed for the photocatalytic et al. (2023)
degradation of aniline blue
BiPO, photocatalyst 20 mg/L. BiPO, photocatalyst was evaluated for aniline blue |~ 180 70 Azzam et al. (2019)

degradation under UV irradiation (254 nm)
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Parameters Tap water  Distilled water
pH 64 60
Dissolved oxygen (mg/L) 59 43
Electrical conductivity (uS/cm) 4360 04
Total dissolved solids (mg/L) 2752 ND
» Turbidity (NTU) <1 ND
Total suspended solids (mg/L) ND ND
Temperature (C) 277 27.0
Chemical Oxygen Demand (mg/L) 150 ND
Alkalinity (as mg/L of CaCO3) 1820 ND
Total hardness (as mg/L of CaCO3) 1420 ND
Sulfite (mg/L) 100 ND
Phosphate (mg/L) 03 ND
Nitrate (mg/L) ND ND
Chloride (mg/L) 400 ND
ND ND

Iron (mg/L)
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