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Abstract

:

The use of nano-photocatalysts for the water/wastewater purifications, particularly in developing regions, offers promising advantages over conventional technologies. TiO2-based photocatalysts deposited on fabrics represent an efficient solution for obtaining heterogeneous photocatalysts, which are easily adaptable in the already installed water treatment plants or air purification systems. Despite the huge effort spent to develop and characterize novel nano-photocatalysts, which are especially active under solar light, knowledge gaps still persist for their full-scale application, starting from the reactor design and scale-up and the evaluation of the photocatalytic efficiency in pre-pilot scenarios. In this study, we offered easily scalable solutions for adapting TiO2-based photocatalysts, which are deposited on different kinds of fabrics and implemented in a 6 L semi-pilot plant, using the photodegradation of Rhodamine B (RhB) as a model of water pollution. We took advantage of a multi-variable optimization approach to identify the best design options in terms of photodegradation efficiency and turnover frequency (TOF). Surprisingly, in the condition of use, the irradiation with a light-emitting diode (LED) visible lamp appeared as a valid alternative to the use of UV LED. The identification of the best design options in the semi-pilot plant allowed scaling up the technology in a 100 L pilot plant suitable for the treatment of industrial wastewater.
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1. Introduction


Clean water is essential for life, and ensuring the availability and sustainable management of water and sanitation became in 2015 one of 17 goals world leaders agreed upon in order to achieve a better world in 2030 [1]. Organic compounds, toxic pesticides, and manure emissions from each industry are polluting drinking water and rivers, which is becoming a worldwide contamination with increased severity. The wide area of water pollution, diversification, and non-biodegradable problems has become a problem that cannot be solved by the natural cleansing cycle [2]. New technologies, as the nanotechnology, are developing to improve the current methods of remediation of water [3,4,5,6]. Metal oxide semiconductor nanoparticles (NPs), in particular TiO2, have attracted particular attention due to their photocatalytic properties [7]. The photocatalytic activity of TiO2 is induced by UV light excitation with the consequent formation of electron−/hole+ pairs. The released electrons can react with water and oxygen molecules on the surface to form free radicals [8]. These species are very reactive and able to degrade most of the organic compounds as well as biological contaminants to its mineral components, i.e., carbon dioxide and water [9].



The use of nano-photocatalysts for the water/wastewater purifications, particularly in developing regions, offers promising advantages over conventional technologies, such as low cost, simplicity, environmental friendliness, wide-ranging efficiency, and the capacity to break down traces of a wide variety of organic molecules, including viruses and chlorine-resistant organisms [10]. Despite the huge effort spent to develop and characterize novel nano-photocatalysts, which are especially active under solar light, knowledge gaps still persist for their full-scale application, starting from the reactor design and scale-up and the evaluation of the photocatalytic efficiency in pre-pilot scenarios [11,12]. One of the main objectives addressed by more recent studies is to extend the use of TiO2-based photocatalysts to solar (visible) light for the application in areas without electricity or as a sustainable solution to avoid the use of bio-hazardous and costly UV light [13,14,15,16]. To respond to this very urgent and necessary need, different pollutant treatments with visible light-responsive photocatalysts have been developed, which are mainly based on TiO2 modification [17]; nevertheless, the majority of works are carried out on a laboratory scale, and the introduction of other materials into TiO2 dramatically increases the complexity of the photocatalyst preparation and cost, and the modification with heavy metals or harmful organics could even improve the degree of environment pollution [18,19].



Moreover, the scale-up of nano-TiO2-based photocatalytic technology in water depuration systems is strongly influenced by the need to immobilize the photocatalysts in large available, low weight, high mechanical flexibility supports, allowing an easy implementation in many different geometry water treatment reactors and the easy recovery and regeneration of photocatalysts. So, thanks to their affinity for TiO2 NPs, hydrophilic fabrics are particularly suitable supports for hosting nanostructured coatings with high washing fastness [13,17].



In this work, we focused on the optimization of TiO2-based photocatalytic fabrics, which were implemented in a semi-pilot plant scale (6 L capacity) reactor, investigating the quantum efficiency of TiO2, when irradiated by both UV and visible light-emitting diode (LED) lights, using Rhodamine B (RhB) as a reaction model and identified the best design options, comparing catalyst and fabric properties, process parameters, and type of irradiation.




2. Results and Discussion


2.1. Characterization of TiO2-Based Nanosuspension


The hydrodynamic diameter, Z-potential, and pHi.e.,p. values of pristine materials and TiO2-based nanosuspensions are reported in Table 1. A slight increase in the hydrodynamic diameter and zeta potential is observed in samples obtained after resin treatment (TACR and SiO2-R). This is due to a decrease in the colloidal stability coupled with the pH change. On the other hand, a significant increase in the hydrodynamic diameter in the TiO2:SiO2 sample is caused by both the steric hindrance of SiO2 heterocoagulated on the TiO2 surface [20] and the consequent electrostatic destabilization due to the progressive neutralization of the TiO2 surface charge with the increase in negatively charged SiO2 content. This was further demonstrated by the shift of the pHi.e.,p. toward acidic pH (Table 1). The TiO2:SiO2 sample was obtained by the self-assembled heterocoagulation process between TAC and SiO2-R, which exhibit, at the working pH = 4, potentials opposite in sign and high enough to preserve colloidal stabilization (Figure 1). Therefore, TAC and SiO2-R were able to promote the heterocoagulation between positive TiO2 and negative SiO2 nanosurfaces.




2.2. Characterization of Fabrics


A basic morphological characterization of fabrics, used as support for obtaining nano-TiO2-coated photocatalysts, was carried out by optical microscope (Figure 2).



The images (Figure 2) show the differences of color, warp, and weft of the target fabrics. SP, SC, and SM fabrics are characterized by very intertwined fibers, whilst the weave of the C fabric is more regular and expanded than other fabrics. This can explain the significant differences in the absorption of the TiO2-based nanosuspensions (TACR and TiO2:SiO2), as demonstrated by the add-on percentage (AO%) reported in Table 2. In fact, the fabric C being characterized by a large weave and low weight (Table 3) adsorbs half the amount adsorbed by the other fabrics.



In order to evaluate the hydrophilicity of fabrics and estimate the adsorption capacity of the textile supports, before and after the TiO2 treatment (TACR), contact angle measurements were performed. The results are reported in Table 4.



In general, all samples show hydrophilic properties, and no significant differences between untreated and treated fabrics are found. Specifically, the SM fabric exhibits very high hydrophilic behavior both on untreated and treated samples. In fact, the water drop is absorbed so quickly that during the contact angle measurements, the values are not detectable. This also occurs for untreated C and treated SC fabrics. In the case of SC fabric, an increase in hydrophilicity induced by TiO2 treatment is found. Otherwise, a decrease in hydrophilicity induced by TiO2 treatment was found in the C sample fabric. In any case, no clear correlation between the variation of hydrophilicity between different samples and the photocatalytic efficiency was found, as the results discussed in the following paragraphs show.




2.3. Optimization of Photocatalytic Process


2.3.1. Effect of TiO2-Based Coatings Composition


Using SP as the target fabric, we evaluated the photocatalytic efficiency of TACR and TiO2:SiO2-based coatings under both UV and visible light irradiation. Very low differences were observed between TiO2 and TiO2:SiO2 compositions (Table 5). This result confirms the different mechanism occurring when the photodegradation of TiO2 is tested at a liquid and gas state. In fact, in a previous study [21], using NOx abatement (DeNOx) as the experimental model, we found that the presence of SiO2 significantly improved the efficiency of the photocatalyst.



The RhB photodegradation of the two photocatalysts over time is represented in Figure 3, showing a progressive decrease in the absorbance of the RhB peak at 554 nm. Moreover, for both photocatalysts, a blue-shift of the λmax was detected. This is associated to a de-ethylation of RhB molecules, which is in agreement with the hypothesized RhB degradation mechanism, in the presence of supported photocatalysts. The assessment of photocatalytic efficiency was done by considering the maximum of the absorbance peaks, allowing an estimation of the overall reactivity, because we referred to the capacity of the catalyst to photodegrade the dye and its by-products. The higher shift detected in the case of the TiO2:SiO2 photocatalyst can be attributed to a complete conversion of the N,N,N′,N′-tetraethylated rhodamine molecule (λmax 554 nm) to de-ethylated rhodamine (λmax 498 nm), as a consequence of the attack of oxidative radicals against N-ethyl group [22], which was not achieved in the case of TACR. This was further confirmed by Chen et al. [23] that showed different absorption mechanisms and consequently different degradation mechanisms using TiO2 or the TiO2:SiO2 composite. In fact, they declare that in the case of RhB absorption on TiO2:SiO2, the chromophore is absorbed by the photocatalyst through the diethylamino groups while in the case of TiO2, it is absorbed through the carboxyl groups. This difference results in an attack of the chromophore ring and its cleavage in the RhB-TiO2 case, while in the RhB-TiO2:SiO2 case, the auxochromic groups are attacked and produce the de-ethylation of the alkylamine group. Moreover, they found that the blue-shift phenomenon due to the RhB de-ethylation is more evident under visible light than UV, which is because the UV radiation directly excites the TiO2, while under visible light, it is the RhB absorbed on the surface of the photocatalyst to subsequently produce the active oxygen species.




2.3.2. Effect of Temperature


The dependence of photocatalytic performance on temperature has been widely investigated in the literature, and it is still under debate, with increasing temperature promoting phenomena such as the desorption of adsorbed reactants and the rate of recombination of photogenerated electron/hole pairs that are detrimental for the photocatalysis [24,25]. Otherwise, it is well known that the temperature influences the reaction kinetics, enhancing the activation energy and so speeding the photodegradation process [26,27]. Photodegradation tests using SP fabrics coated with TiO2:SiO2, under both UV and visible light sources, were compared at three working temperatures: 15 °C, 25 °C (room temperature), and 38 °C. The results are shown in Table 6. Under UV LED irradiation, the photocatalytic activity decreases by increasing the temperature, whilst in the case of visible LED, no significant trend was observed. The dependence of photodegradation efficiency by temperature is the result of synergetic (increase in activation energy, increase in charge transfer kinetic) and detrimental effects (the recombination of charge carriers and the altered adsorption equilibrium of reactants such as dye molecules, water, and oxygen) [24,26,27,28]. Therefore, in this case, the best compromise is working at room temperature, matching environmental and economic requirements [29].




2.3.3. Effect of Fabric Substrate


In order to investigate the effect of fabric substrates vs. type of irradiation (UV and visible light sources), we carried out photocatalytic tests with TACR-coated fabrics, and the results are reported in Table 7.



Overall samples showed a comparable photodegradation efficiency despite the type of fabrics used and the type of irradiation source. Nevertheless, the fabric composition and structure seem to affect the efficiency; the SP sample is even more reactive under a visible source. The reactivity shown by the samples irradiated by visible LED was surprising, considering that the TACR crystalline phase, corresponding to anatase with 16% of brookite [30], has a band-gap, previously measured of 3.26 eV, that restricts its use only to the ultra-violet range of light. Considering the UV light fraction intensity measured on the fabric surface—UV LED (48.5 W/m2) and visible LED (4.3 × 10−3 W/m2), it is evident that in the case of a visible lamp, the few photons achieving the fabric surface have enough energy to activate the catalyst, and they are responsible for the photodegradation reactivity, which is comparable with that obtained irradiating the samples with UV LED, with a UV irradiation intensity that is five orders of magnitude higher. This result is quite unexpected because even if it is reported that a few photons of energy (i.e., as low as 1 × 10−2 W/m2) can induce the photo-generation of electron–hole pairs [31], high intensities (400–1000 W/m2) are needed to achieve a high photocatalytic reaction rate, particularly in water disinfection treatment [32]. The really low intensity of ultraviolet radiation (UVR) needed to activate our photocatalysts encourages their use and activation under solar irradiation; considering that the UV light portion of the yearly average solar irradiance at sea level, on a clear day, is about a few units W/m2, we can reasonably estimate that the UVR intensity of the sun is in large excess of the amount needed to activate our photocatalysts. From this perspective, the proposed TiO2-based photocatalysts do not require costly and time-consuming doping treatments to be activated under visible LED or solar light, with consequent benefits from safety, environmental, and economic points of view [31].



In order to better compare the photocatalytic ability of coated fabrics and select the most suitable fabric support, we calculated the TOF parameter (Table 8. The results show that the C fabric presents the highest photoactivity, both under UV and visible LEDs. Considering the natural source of cotton (100% biodegradable), its high availability at low cost and the shown photo-induced reactivity under visible LED, which is one order of magnitude higher than the other photocatalyst, also irradiated by UV light, it is evident that the cotton photocatalyst under visible LED becomes the best choice, matching the criteria of sustainability and safety.





2.4. Process Scalability


The treated fabrics were integrated and tested in the LED-based semi-pilot photocatalytic reactor of Figure 4a. Figure 4b shows the pilot reactor based upon the best design options identified performing tests with the semi-pilot reactor. The performances obtained with the pilot plant and the evaluation about the scalability of the semi-pilot plant are the objective of a future study.





3. Materials and Methods


3.1. Materials


TiO2 nanosol (NAMA41, 6 wt %), called TAC and SiO2 nanosol 40 wt % (Ludox® HS-40) were purchased from Colorobbia (Sovigliana, Vinci (FI), Italy) and Grace Davison (USA), respectively. Rhodamine B (dye content ≈ 95%) target dye, ion excharger Dowex® 1 X 8 basic anion excharger resin and ion excharger Dowex® 50 W X 4 acidic cation exchanger resin were purchased from Sigma Aldrich (Milano, Italy).




3.2. TiO2-Based Nanosuspensions


Acid TiO2 nanosol (TAC, pH 1.5) was used to prepare two TiO2-based nanosuspensions: TACR and TiO2:SiO2 suspensions. TACR was obtained diluting TAC at the 3 wt % concentration with distilled water (DI) water and treated with ion exchanger Dowex® 1 X 8 basic anion exchanger resin in order to increase the pH from 1.5 to 4. This increase in pH is necessary in order to avoid fabric damage caused by acidity, and the residual by the synthesis of original TiO2 can reduce the photocatalytic activity [30]. TiO2:SiO2 3 wt % was prepared by the heterocoagulation method. SiO2 nanosol 40 wt % (Ludox® HS-40) was diluted at the concentration 3 wt % with DI water and treated with ion exchange Dowex® 50 W X 4 acidic cationic exchanger resin in order to decrease the pH from 10 to 4 (SiO2-R). TiO2 suspension (TACR) was dropped into SiO2-R suspension. The TiO2:SiO2 sample was obtained through an electrostatic interaction between negatively charged silica nanoparticles and positively charged titania nanoparticles. The electrostatic interactions between SiO2 and TiO2 surfaces are promoted by mixing the sols in well-defined ratios and by ball milling for 24 h with zirconia spheres (diameter 5 mm) as grinding media.




3.3. Ceramized Fabric


The coated fabrics was obtained via the dip-pad-curing method. The fabric was washed in an ultrasonic bath for 15 min in DI water and dried in an oven at 100 °C. Then, the washed fabric was dipped in a TiO2-based suspension for 5 min, squeezed in two rolls to eliminate the excess of suspension (pad stage), dried in a stove at 100 °C, and finally cured at 130 °C for 10 min in order to well fix the NPs to the fabric. A single impregnation was carried out achieving the final dry add-on value (AO%), which is defined as the percent amount of the finishing agent added to the fabric with respect to the initial weight of the latter, i.e.,


   AO %  =    W f  −      W   i     W i     ×    100  



(1)




where wi and wf are the weights of the fabric before and after the dip-pad-curing process.



We tested four fabrics different in color, weight, and structure described in Table 3.




3.4. Semi-Pilot Plant and Irradiation Source


The photocatalytic tests were carried out in a 6 L semi-pilot plant [33], as schematized in Figure 5. The semi-pilot plant was designed and built by RAFT s.r.l., (Montelupo Fiorentino (FI) Italy). It hosts two plastic windows for supporting ceramized fabrics (14.8 × 11.4 cm; 100 cm2 fabric exposed area for each support), and on the top, there are three holes for UV or visible light lamps. The homogeneity of water flow was ensured through a peristaltic pump, and the feed bath was thermostated by a chiller (Julabo, F12). The LED strip lights were provided by the Wiva Group (Firenze, Italy). The visible LED light is characterized by a wide emission spectrum (Figure 6a) with a main peak at wavelength = 452 nm and a second peak at wavelength = 569 nm. The UV LED light has a very narrow emission spectrum with λmax = 384 nm (Figure 6b). The irradiance was calculated placing a radiometric UV probe (UV-A 315–400 nm) on the fabric surface in order to evaluate the UV component irradiance of the two light-emitting sources that resulted in 4.3 × 10−3 W/m2 for visible light and 150 W/m2 for UV light.




3.5. Characterization


3.5.1. Dynamic Light Scattering/Electrophoretic Light Scattering


The hydrodynamic diameters and zeta potential distribution of TiO2-based suspensions, dispersed at 0.3 wt % in DI water, were evaluated by using a Zetasizer instrument (Malvern Instruments, Zetasizer Nano-ZS, Malvern, UK) based on the dynamic light scattering (DLS) and electrophoretic light scattering (ELS) techniques. For particle size distribution evaluation, about 1 mL of the sample was measured consecutively three times at 25 °C. The size distribution (nm) is reported as the intensity-weighted mean diameter derived from the cumulant analysis (Z-average) and is the average of three independent measurements. The reliability of the measurements was controlled by using the automatic attenuator (kept between 6 and 8) and the intercept autocorrelation function (<0.9) as quality criteria [4].



The zeta potential was measured on 700 μL of the sample at 25 °C, setting the measurement time, the attenuator position, and the applied voltage to automatic. After a 2 min temperature equilibration step, the samples were measured three times, and the data were obtained by averaging the three measurements. The data of zeta potential (mV) are derived by electrophoretic mobility using Smoluchowski’s formula. The reliability of the measurements was controlled by check the phase plot graph.



The same instrument coupled with an automating titrating system was used to create zeta potential vs. pH curve to identify the pH at which the zeta potential sets to zero, namely the isoelectric point (pHi.e.,p.). The titrants used were 0.1M KOH solution and 0.1M HCl solution.




3.5.2. Characterization on Fabrics


The untreated fabrics were morphologically observed by optical microscope using a Hirox 3D digital microscope, RH200 with a magnitude of lens X35 and X50. Specifically, we observed the fabric weave, thickness, and color of a single fiber.



The hydrophilicity of untreated and TACR-treated fabrics was evaluated by contact angle analyses. The measurements were carried out using a KRUSS DSA 30 S instrument, the sessile drop as the drop deposition method at room temperature (25 °C), 20 µL drop volume, and a tangent-fitting method.





3.6. Rhodamine B Degradation Tests


The photodegradation tests were carried out using Rhodamine B (RhB) as a model of organic trace pollutant. RhB is a synthetic dye that is commonly use in water remediation due to the easy detection of small concentrations by UV-Vis absorption analysis using a single beam spectrophotometer Hach Lange, DR3900. RhB imparts a deep magenta hue to its water solutions and displays a well-defined absorbance peak at 554 nm. In our experiment, we used 3.5 mg/L RhB concentration. The lamp was switched on outside the plant 30 min before starting the test in order to stabilize the power of emission; simultaneously, the ceramized textile was put into RhB solution to reach the adsorption–desorption equilibrium. In order to evaluate the degradation kinetics, an aliquot of 3 mL was withdrawn and analyzed every 20 min (Ax) through UV-Vis analysis in the range of 350–700 nm to a final reaction time of 100 min. The Ax was measured in correspondence to the maximum of the absorbance peak detected, taking into account the shift of the initial absorbance peak of RhB. Before starting the degradation tests, after 30 min of absorption, the initial absorbance (A0) was determined. The order of photocatalytic degradation reactions was ascertained from the pseudo first-order kinetic model:


  ln  (     A 0     A x     )  =    k ∗ t  .  



(2)







The photocatalytic efficiency was calculated at t = 100 min. It indicates the ratio between the amount of reagent consumed and the amount of reagent initially present in the reaction environment, and it was determined by the following formula:


   Photocatalytic   efficiency     ( % )  =  (    1 −    A x     A 0       )  ∗ 100  



(3)




where Ax is the peak value at time t and A0 is the peak value at time 0. In order to facilitate the comparison between the different photocatalysts, normalizing for the amount of catalyst and the time of exposure, the turnover frequency (TOF) parameter was calculated. The TOF parameter was calculated by following equation:


  TOF =    (     mol   of   product     t     ( s )     )     mol   of   catalyst     



(4)







	
where



	
mol of product is calculated as the initial concentration of reagent per efficiency reached at the time s



	
mol of catalyst are the moles of the catalyst deposited on the exposure area of fabric calculated by the AO% parameter.








4. Conclusions


In response to the still persisting knowledge gaps for the full-scale application of nano-photocatalysts in water/wastewater purification systems, we immobilized TiO2-based nanoparticles as the coating of fabrics, obtaining large available, low cost, highly flexible photocatalysts that allow an easy implementation in many different geometry water treatment reactors and the easy recovery and regeneration of photocatalysts. We implemented the obtained photocatalytic fabrics in a 6 L capacity semi-pilot plant and evaluated the degradation of RhB dye, which was used as a probe molecule, simulating the water pollution. We adopted a multi-variables optimization approach to look for the photoreactor operating parameters that mostly affected the photocatalytic performance and identified the best design option also in response to safety and sustainable criteria. We found that the 100% biodegradable cotton fabric irradiated by visible LED is the best candidate, because it showed a TOF higher than all the other samples, which was irradiated by both UV and visible light sources. The really low intensity of UV radiation-activating fabrics under visible LED expands the applicability of the technology to solar light, since the measured intensity of the UV radiation component, in visible LED, is much lower than the solar yearly average one. The findings from the multi-variable optimization study were translated into updated recommendations for the design and the technical application of these efficient and low-cost TiO2-based photocatalysts, which are suitable for developing a range of technologies aimed at environmental protection. The good results obtained encouraged the scale-up of the 6 L semi-pilot plant up to the 100 L pilot plant that has been built, even if the evaluation of photocatalytic performances is still under investigation.
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Figure 1. Z-potential vs. pH curves of TAC (red), SiO2 (blue), and TiO2:SiO2 (green) nanosuspension. 
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Figure 2. Optical microscopy images of untreated fabrics: (a) SP; (b) SC; (c) SM; (d) C. 
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Figure 3. Absorbance of RhB solutions after irradiation under visible light at 0 min (orange), 40 min (gray), 80 min (yellow), and 100 min (green). Time 0: λmax 554 nm; time 100: λmax 527 nm for TACR (a) and 498 nm for TiO2:SiO2 (b). 
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Figure 4. (a) LED-based semi-pilot photocatalytic reactor tested (6 L), used in this study; (b) Up-scaled reactor (100 L) built upon the best design options in the present study. 
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Figure 5. Schematized representation of a 6 L semi-pilot plant. 
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Figure 6. Emission spectrum of (a) visible LED light and (b) UV LED light, including photographs of the corresponding LED strips, mounting an air-cooling fan. 
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Table 1. Hydrodynamic diameter (nm), Z-potential (mV), and pHi.e.,p. of pristine materials and TiO2-based nanosuspension.
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	Sample
	dDLS (nm)
	Z Potential (mV)
	pH
	pHi.e.,p.





	TAC
	27
	+36
	1.5
	7.7



	TACR
	29
	+45
	4
	5.2



	SiO2
	30
	−45
	7
	<1.5



	SiO2-R
	37
	−34
	4
	<1.5



	TiO2:SiO2
	317
	+38
	4
	5.2
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Table 2. AO% parameters calculated.
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	Fabric
	AO% (TACR)
	AO% (TiO2:SiO2)





	SP
	5.9
	8



	SC
	8.4
	n.a.



	SM
	6.2
	n.a.



	C
	3.8
	3







n.a. not available.
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Table 3. Fabrics used as supports for nano-TiO2-based coatings.
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	Code
	Images
	Composition
	g/m2





	SP
	 [image: Catalysts 11 01418 i001]
	65% cotton

35% polyester
	450



	SC
	 [image: Catalysts 11 01418 i002]
	65% cotton

35% polyester
	500



	SM
	 [image: Catalysts 11 01418 i003]
	Not available
	640



	C
	 [image: Catalysts 11 01418 i004]
	100% cotton
	100
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Table 4. Contact angle measurements on untreated and TACR coated fabrics.
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	Fabric
	Untreated
	Coated





	SP
	121 ± 1
	121 ± 3



	SC
	113 ± 1
	n.d.



	SM
	n.d.
	n.d.



	C
	n.d.
	122 ± 4







n.d. not determined.
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Table 5. Comparison between different TiO2-based photocatalysts. Tests carried out with SP fabrics under UV and visible light.
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Irradiation Light

	
Coating

	
Photocatalytic Efficiency %






	
Visible

	
TACR

	
49




	
TiO2:SiO2

	
51




	
UV

	
TACR

	
64




	
TiO2:SiO2

	
60
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Table 6. Effect of temperature. Tests carried out with TiO2:SiO2-coated SP samples, under both UV and visible LEDs.
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Irradiation

	
Temperature °C

	
Photocatalytic Efficiency %






	
Visible

	
15

	
55




	
25

	
51




	
38

	
57




	
UV

	
15

	
63




	
25

	
60




	
38

	
59
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Table 7. Effect of fabric substrates. Tests carried out with TACR at T° = 25 °C, under both UV and visible light sources.
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Fabric

	
Photocatalytic Efficiency %




	
UV LED

	
Visible LED






	
SP

	
49

	
64




	
SC

	
64

	
54




	
SM

	
65

	
61




	
C

	
67

	
57
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Table 8. TOF parameter calculated at time 100 min. Tests carried out with TACR at T° = 25 °C, under both UV and visible light sources.
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Fabric

	
Photocatalytic Efficiency %




	
UV LED

	
Visible LED






	
SP

	
7.5 × 10−5

	
9.8 × 10−5




	
SC

	
8.9 × 10−5

	
7.5 × 10−5




	
SM

	
8.6 × 10−5

	
8.8 × 10−5




	
C

	
1.02 × 10−3

	
8.7 × 10−4
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