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Introduction

It is well known that we spend more than 80% of our time in closed spaces such as housing, workplace, school ..., and the air we breathe is not always of good quality [START_REF]Air Quality Guidelines for Europe[END_REF]2]. In addition to the supply of outside air, there are many potential sources of pollution in buildings: combustion devices, building materials, decorative products (paint, glues, varnishes, etc.), furniture, and human activity (smoking, maintenance of products, cooking, etc.). Inside, the air is really polluted in a specific way compared to the outside air. As a result, in recent decades, the prevalence of Sick Building Syndrome (SBS), Building Related Illness (BRI) and Multiple Chemical Sensitivity (MCS) have been reported, making Indoor Air Quality (IAQ) a major concern [START_REF] Mallawaarachchi | Green framework to improve indoor air quality in buildings: reducing the impact of sick building syndrome on office workers in Sri Lanka: a literature review[END_REF][START_REF] Assadi | Comparative study between laboratory and large pilot scales for VOC's removal from gas streams in continuous flow surface discharge plasma[END_REF][START_REF] Li | Improved Oxygen Activation over a Carbon/Co3O4 Nanocomposite for Efficient Catalytic Oxidation of Formaldehyde at Room Temperature[END_REF][START_REF] Huang | Protonated hydrophilicity, and application for photocatalytic NOx removal[END_REF][START_REF] Zhang | Transformation of amorphous Bi2O3 to crystal Bi2O2CO3 on Bi nanospheres surface for photocatalytic NOx oxidation: Intensified hot-electron transfer and reactive oxygen species generation[END_REF]. Indoor air pollutants (IAPs) mainly include carbon monoxide (CO), microorganisms (fungi, bacteria and viruses), nitrogen oxides (NOx) and a large variety of volatile organic compounds (VOCs).

Photocatalytic oxidation is a promising technology for removing volatile organic compounds (VOCs) during indoor air treatment [START_REF] Li | Improved Oxygen Activation over a Carbon/Co3O4 Nanocomposite for Efficient Catalytic Oxidation of Formaldehyde at Room Temperature[END_REF][START_REF] Huang | Protonated hydrophilicity, and application for photocatalytic NOx removal[END_REF]. The photocatalytic process has been of great interest in removing VOCs from indoor air as it has proven its effectiveness at room temperature, also for its low cost and its harmlessness [START_REF] Bourgeois | Characterization of a new photocatalytic textile for formaldehyde removal from indoor air[END_REF]. Photocatalytic oxidation involves an interaction between the photocatalyst, light and the pollutant. Indeed, the photocatalyst must be excited by light irradiation and the pollutant must be adsorbed on the photocatalyst surface to be removed [START_REF] Bourgeois | Characterization of a new photocatalytic textile for formaldehyde removal from indoor air[END_REF][START_REF] Abidi | Photocatalytic indoor/outdoor air treatment and bacterial inactivation on CuxO/TiO 2 prepared by HiPIMS on polyester cloth under low intensity visible light[END_REF][START_REF] Katal | A review on the synthesis of the various types of anatase TiO2 facets and their applications for photocatalysis[END_REF][START_REF] Zadi | Treatment of hospital indoor air by a hybrid system of combined plasma with photocatalysis: Case of trichloromethane[END_REF][START_REF] Zhao | Photocatalytic oxidation for indoor air purification: a literature review[END_REF]. The practical application of metal oxide semiconductors as photocatalysts generally requires placing the photocatalyst in a configuration which allows it to be used continuously for the treatment of air. In conventional reactors, the photocatalyst is attached to the walls of the reactor by a support or around an envelope in which the light source is located [START_REF] Bourgeois | Characterization of a new photocatalytic textile for formaldehyde removal from indoor air[END_REF][START_REF] Peill | Development and optimization of a TiO 2 -coated fiberoptic cable reactor: photocatalytic degradation of 4-chlorophenol[END_REF][START_REF] Azzaz | Discoloration of simulated textile effluent in continuous photoreactor using immobilized titanium dioxide: effect of zinc and sodium chloride[END_REF]. But these systems have many drawbacks, such as low absorption of the visible spectrum, scattering of light from the reaction environment, and reduced processing capacity by mass transfer restrictions. TiO 2 is the most widely used photocatalyst because of its physicochemical properties [START_REF] Bourgeois | Characterization of a new photocatalytic textile for formaldehyde removal from indoor air[END_REF][START_REF] Abidi | Photocatalytic indoor/outdoor air treatment and bacterial inactivation on CuxO/TiO 2 prepared by HiPIMS on polyester cloth under low intensity visible light[END_REF][START_REF] Marinangeli | Photo assisted heterogeneous catalysis with optical fibers II. Nonisothermal single fiber and fiber bundle[END_REF]. In photocatalysis TiO 2 was used in different forms such as nanoparticles suspension [START_REF] Gurbatov | Au Nanoparticle-Decorated TiO2 Nanospheres Produced by Laser Reshaping in Water[END_REF], nanotubes [START_REF] Abidi | Simultaneous removal of bacteria and volatile organic compounds on Cu 2 O-NPs decorated TiO 2 nanotubes: Competition effect and kinetic studies[END_REF] and film/nanoparticles deposited onto different substrates [9, [START_REF] Reddy | One-pot synthesis of Cu-TiO 2 /CuO nanocomposite: Application to photocatalysis for enhanced H2 production, dye degradation & detoxification of Cr (VI)[END_REF][START_REF] Tugaoen | Compact lightemitting diode optical fiber immobilized TiO 2 reactor for photocatalytic water treatment[END_REF]. The advantage of supporting nanoparticles on substrates is that it eliminates the need to separate catalyst particles from solution after treatment [START_REF] Alvarez | Overcoming implementation barriers for nanotechnology in drinking water treatment[END_REF][START_REF] Joo | The use of plastic optical fibers in photocatalysis of trichloroethylene[END_REF][START_REF] Danion | Characterization and study of a single-TiO 2 -coated optical fiber reactor[END_REF][START_REF] Indermühle | Modelling of UV optical ageing of optical fibre fabric coated with TiO 2[END_REF][START_REF] Endruweit | Spectroscopic experiments regarding the efficiency of side emission optical fibres in the UV-A and visible blue spectrum[END_REF][START_REF] Abou Saoud | Innovative photocatalytic reactor for the degradation of VOCs and microorganism under simulated indoor air conditions: Cu-Ag/TiO 2 -based optical fibers at a pilot scale[END_REF][START_REF] Almansba | Innovative photocatalytic luminous textiles optimized towards water treatment[END_REF][START_REF] Brochier | Deflin-Brevet « Nappe textile présentant des propriétés dépolluantes par photocatalyse[END_REF].

In conventional configurations such as the case of reactors with external lighting, part of the radiation can be absorbed by the support, reducing the efficiency of the catalyst. Lighting with an external lamp represents an obstacle in the design of the compact reactor, due to the size and rigidity of the lamp, high energy consumption and the heat production [START_REF] Zadi | Treatment of hospital indoor air by a hybrid system of combined plasma with photocatalysis: Case of trichloromethane[END_REF]. The new reactor design presented in this study (with optical fibers as the photocatalyst support) have been developed to overcome these issues. These reactors improve the contact between the catalyst, the light and the pollutant in liquid phase [START_REF] Brochier | Deflin-Brevet « Nappe textile présentant des propriétés dépolluantes par photocatalyse[END_REF]. the idea of depositing the catalyst directly on the surface of the light source is makes possible the design of compact reactors reducing the material transfer limitation by reducing the thickness of air to be treated.

Optical fiber (OF) is composed of a core, which guides the light, and a covering layer [START_REF] Marinangeli | Photoassisted heterogeneous catalysis with optical fibers: I. Isolated single fiber[END_REF][START_REF] Hofstadler | New reactor design for photocatalytic wastewater treatment with TiO 2 immobilized on fused-silica glass fibers: photomineralization of 4-chlorophenol[END_REF][START_REF] Choij | Investigation on TiO 2 -coated optical fibers for gas-phase photocatalytic oxidation of acetone[END_REF][START_REF] Joo | The use of plastic optical fibers in photocatalysis of trichloroethylene[END_REF][START_REF] Danion | Characterization and study of a single-TiO 2 -coated optical fiber reactor[END_REF].

The two components have a distinct refractive index so that light can be spread from one end to the other [START_REF] Indermühle | Modelling of UV optical ageing of optical fibre fabric coated with TiO 2[END_REF][START_REF] Endruweit | Spectroscopic experiments regarding the efficiency of side emission optical fibres in the UV-A and visible blue spectrum[END_REF]. Textile fabrics used in this study include optical fibers that allow both to transport light within their structure, as well as to emit light laterally within the luminous plastic fiber complex able to diffusely illuminate the whole surface. The optical fibers are distributed to ensure uniform side emitting light throughout the fabric. This maximizes the contact with the photocatalyst (TiO 2 ) which is directly deposited on the surface of the textile and allows a better distribution of the photons [START_REF] Abou Saoud | Innovative photocatalytic reactor for the degradation of VOCs and microorganism under simulated indoor air conditions: Cu-Ag/TiO 2 -based optical fibers at a pilot scale[END_REF][START_REF] Almansba | Innovative photocatalytic luminous textiles optimized towards water treatment[END_REF]. Several studies of optical fiber coated with TiO 2 have studied the impact of fiber diameter and thickness of TiO 2 layer [START_REF] Bourgeois | Characterization of a new photocatalytic textile for formaldehyde removal from indoor air[END_REF].

The aim of our study is to evaluate the efficiency of heterogeneous photocatalysis processes for hospitals indoor air treatment using a continuous planar reactor at pilot scale and high The impact of some parameters, such as the number of optical fiber/LED couples, the inlet concentrations, air flow rate, and relative humidity, on the photodegradation process, is studied. Then, some modeling of the experimental results are provided.

Experimental

Target compounds

In this study, we used two compounds, chloroform (CHCl 3 ) and glutaraldehyde (C 5 H 8 O 2 ), coming mainly from the hospital sector. Chloroform (99.4% purity) was supplied from VWR BDH Prolab, and Glutaraldehyde 25% in aqueous solution was purchased from Sigma Aldrich.

Luminous textiles

The optical fibers are the combination of textile fibers (polyester, Trévira CS TM fibres) and plastic optical fibers (POFs) (polymethyl methacrylate). POFs have some advantages over glass /quartz optical fibers; they are less expensive, resilient, flexible [START_REF] Brochier | Deflin-Brevet « Nappe textile présentant des propriétés dépolluantes par photocatalyse[END_REF]. The composite fiber (plastic optical fiber + textile fiber) is made of a POF fiber around which textile fibers are coiled (Fig. 1) [START_REF] Brochier | Deflin-Brevet « Nappe textile présentant des propriétés dépolluantes par photocatalyse[END_REF]. The OFs have a mean diameter of about 500 μm. In fact, the OF core is formed by polymethylmethacrylate resin with an average diameter of 480 μm and covered with 10 μm thick fluoropolymer [START_REF] Bourgeois | Characterization of a new photocatalytic textile for formaldehyde removal from indoor air[END_REF]. For one textile sample, all POFs are collected to one extremity in aluminum connector. The tissue is protected by an intermediate layer of silica, which protects the degradation of the optical fiber by photocatalysis.

The used photocatalyst is the TiO 2 Degussa P25. The textile fiber is soaked for 60 min in a stirred TiO 2 suspension containing of a TiO 2 powder (50 g.L -1 ) and then dried for 2 h at 70 °C.

At the end of this process 12 g/m² of TiO 2 is uniformly spread on the textile fiber. A single/bisided support was supplied by Brochier technologies [START_REF] Brochier | Deflin-Brevet « Nappe textile présentant des propriétés dépolluantes par photocatalyse[END_REF]. perpendicularly to the chain fibers, in the weft direction (the direction of optical fibers) (fig. 1 (a, and c). These Optical fibers are treated to transmit and emit light laterally on their external surface. As shown in figure 1.c, a coating layer of TiO 2 is present on the textile fiber and the beginning threads. Therefore, it makes it possible to activate a large amount of TiO 2 , which improves the photocatalytic efficiency.

Reactor design and setup details

The used photocatalytic reactor consists of a 1 m long rectangular glass chamber having a square section (145 x 145) mm (Figure 2). In order to fix the catalyst, the glass chamber is equipped with glass plates having a length and a thickness of 800 mm and 1 mm, respectively.

The distance between the two glass plates can be modified to study its effect on the photocatalytic performance of the reactor. To ensure a good distribution of the radiation on the surface of the catalyst, the optical fibers are supplied with UVA-LED light (wavelength 365 nm and light intensity on optical fiber fabric is around 3 W.m -2 before TiO 2 coating and 1.5 W.m -2 after coating ) . The process operates in tangential flow and in a single pass. Before starting the photocatalytic process, the photoreactor (the glass chamber + the photocatalyst) is cleansed with air (12 m 3 .h -1 ) under UV light (UVA-LED) for 2 hours to eliminate contamination. The pollutants (VOCs) are injected continuously in the liquid state from a syringe pump system (Kd Scientific Model 100, USA) and introduced into the reactor in the form of a gas flow. A heating tape has been wound around the channel at the level of the injection zone to ensure good evaporation of the pollutants. For each pollutant, a syringe pump system is used. A static mixture ensures the homogenization of the air flow and of the chloroform / glutaraldehyde complex mixture. To maintain the stability of the air flow inlet, a set of valves and a flowmeter 

Apparatus and analysis

Chloroform and Glutaraldehyde were manually recuperated with a syringe of 500 μL. The inlet/outlet concentrations were measured via a Clarus GC-500 chromatograph equipped with a 60 m x 0.25 mm polar DB-MS capillary column (film thickness: 0.25 μm). The GC chromatograph is equipped with a flame ionization detector (GC-FID). The FID is powered by a mixture of air and hydrogen (H 2 ). The Helium gas (He) was used as a vector gas at a flow rate of 1 ml.min -1 . The injection and detection temperatures were both kept at 250 °C. The oven temperature was initially maintained at 50 °C for 3 min, then programmed to increase to 100 °C (2°C/min), reaching maximum temperature after 10 min. The CO 2 analyzer is a MIR 9000 Environment SA multi-gas infrared analyzer equipped with GFC (Gas Filters Correlation)

technology. The CO 2 amount formed during the photocatalytic process was measured by a Fourier Transform Infrared (FTIR) spectrophotometer brand Environment SA. 

Results and discussion

To evaluate the performance of the process, i.e. the removal efficiency (RE) and the selectivity to carbon dioxide (SCO 2 ), we use the following equations ( 1) and ( 2):

(

where [C] inlet and [C] outlet are the inlet and the outlet concentrations of the pollutants (mg.m -3 ), respectively.

Selectivity of CO 2 :

(2)

where n c,voc and [VOC] are the number of carbon in the molecule of the pollutant and the inlet concentration of VOC, respectively.

This study aimed to treat a mixture of VOCs of different natures. To understand the oxidative behavior of these pollutants in the mixtures, the analyses were carried out on each composite alone. Before starting the analysis of pollutants, the air flow in the reactor must reach equilibrium. It is necessary to wait a few minutes after the pollutants have been injected into the air flow through the reactor in order to stabilize their concentrations.

Study of mono-compound system (Case of Chloroform (CHCl 3 )

Effect of inlet concentration and flow rate on photocatalytic process

The photocatalytic degradation of chloroform was examined in the planar reactor under It is observed (Fig. 3) that at constant air flow, the removal efficiency decreases as the initial inlet concentration of the pollutant increases. In fact, the greater the air flow, the less time the pollutant will have to be adsorbed in sufficient quantity on active sites located on the surface of the catalyst [START_REF] Zadi | Indoor air treatment of refrigerated food chambers with synergetic association between cold plasma and photocatalysis: Process performance and photocatalytic poisoning[END_REF][START_REF] Abou Saoud | Study of synergetic effect, catalytic poisoning and regeneration using dielectric barrier discharge and photocatalysis in a continuous reactor: Abatement of pollutants in air mixture system[END_REF][START_REF] Abou Saoud | Abatement of ammonia and butyraldehyde under nonthermal plasma and photocatalysis: Oxidation processes for the removal of mixture pollutants at pilot scale[END_REF][START_REF] Assadi | Wolbert Modeling of a continuous photocatalytic reactor for isovaleraldehyde oxidation: effect of different operating parameters and chemical degradation pathway[END_REF]. In addition, the removal efficiency clearly decreases as the air flow increases; this can be explained by the reduction in the contact time between the polluting molecules with the active sites on the surface of the catalyst [START_REF] Hofstadler | New reactor design for photocatalytic wastewater treatment with TiO 2 immobilized on fused-silica glass fibers: photomineralization of 4-chlorophenol[END_REF][START_REF] Kim | Hong Kinetic study for photocatalytic degradation of volatile organic compounds in air using thin film of a TiO 2 photocatalyst[END_REF][START_REF] Palau | Isovaleraldehyde degradation using UV photocatalytic and dielectric barrier discharge S.B. reactors, and their combinations[END_REF][START_REF] Assadi | Removal of trimethylamine and isovaleric acid from gas streams in a continuous flow surface discharge plasma reactor[END_REF][START_REF] Thevenet | Rousseau Influence of water vapour on plasma/photocatalytic oxidation efficiency of acetylene[END_REF]. This means that a reduced amount of chloroform is able to react with reactive species such as OH . and O 2 .

produced on the catalyst surface. Similar results have been reported for the removal of chloroform [START_REF] Zadi | Treatment of hospital indoor air by a hybrid system of combined plasma with photocatalysis: Case of trichloromethane[END_REF], butyraldehyde and ammonia [START_REF] Brochier | Deflin-Brevet « Nappe textile présentant des propriétés dépolluantes par photocatalyse[END_REF], and isovaleraldehyde [START_REF] Assadi | Wolbert Modeling of a continuous photocatalytic reactor for isovaleraldehyde oxidation: effect of different operating parameters and chemical degradation pathway[END_REF] using a glass fiber tissue with an external UV lamp in a cylindrical reactor. Moreover, the removal capacity of 25 mg.m -3 of chloroform through the optical fiber (with 12 g/m 2 of TiO 2 ) is about 81.812 mg/h.g TiO2 , while the removal capacity of the same concentration through the glass fiber tissue (with 13 g/m 2 of TiO 2 ) [START_REF] Zadi | Treatment of hospital indoor air by a hybrid system of combined plasma with photocatalysis: Case of trichloromethane[END_REF] is about 18.846 mg/h.g TiO2 .

Effect of inlet concentration and water vapor on the photocatalytic oxidation

Many studies reported that the relative humidity (RH) could considerably affect the trend of gas-phase photocatalytic reaction [START_REF] Almansba | Innovative photocatalytic luminous textiles optimized towards water treatment[END_REF][START_REF] Brochier | Deflin-Brevet « Nappe textile présentant des propriétés dépolluantes par photocatalyse[END_REF][START_REF] Zadi | Indoor air treatment of refrigerated food chambers with synergetic association between cold plasma and photocatalysis: Process performance and photocatalytic poisoning[END_REF][START_REF] Kim | Hong Kinetic study for photocatalytic degradation of volatile organic compounds in air using thin film of a TiO 2 photocatalyst[END_REF][START_REF] Palau | Isovaleraldehyde degradation using UV photocatalytic and dielectric barrier discharge S.B. reactors, and their combinations[END_REF][START_REF] Assadi | Removal of trimethylamine and isovaleric acid from gas streams in a continuous flow surface discharge plasma reactor[END_REF][START_REF] Thevenet | Rousseau Influence of water vapour on plasma/photocatalytic oxidation efficiency of acetylene[END_REF][START_REF] Vandenbroucke | Leys Non-thermal plasmas for non-catalytic and catalytic VOC abatement[END_REF]. In this context, the impact of relative humidity on the degradation of VOCs was investigated by applying different relative humidity values (5, 60, and 90%). Figure 4 shows that an increase in the inlet concentration of chloroform increases the degradation rate at low relative humidity (5% -60%); hence, water molecules have a significant effect on the degradation rate of chloroform. For an inlet concentration of 0.0335 mmol.m -3 (Fig. 4) the degradation rate increases from 0.88 μmol.m -2 .s -1 to 1.52 μmol.m - 2 .s -1 as RH increases from 5% to 60%. In most cases, water molecules are at the origin of the formation of OH . radicals [START_REF] Assadi | Acceleration of trimethylamine removal process under synergistic effect of photocatalytic oxidation and surface discharge plasma reactor[END_REF][START_REF] Obee | TiO 2 photocatalysis for indoor air applications: effects of humidity and trace contaminant levels on the oxidation rates of formaldehyde, toluene, and1 3-butadiene[END_REF].

Therefore, a slight increase in relative humidity (i.e. water molecules) enhances the photogeneration of OH . radicals (as a very active species) [START_REF] Zhang | Adsorption and photocatalytic degradation performances of TiO 2 /diatomite composite for volatile organic compounds: Effects of key parameters[END_REF][START_REF] Park | Kim Influence of humidity on the removal of volatile organic compounds using solid surfaces[END_REF], and leads to additional adsorption of the pollutant and an increase in the kinetics of photocatalytic elimination. When the humidity increase (above RH = 60%), the competitive effect between H 2 O and CHCl 3 molecules on active sites becomes greater and results in a decrease in the degradation rate.

In addition, water molecules can bind to hydroxyl radicals on the surface of the catalyst and to each other via its hydrogen bond, forming highly organized layers [START_REF] Obee | TiO 2 photocatalysis for indoor air applications: effects of humidity and trace contaminant levels on the oxidation rates of formaldehyde, toluene, and1 3-butadiene[END_REF], which act as a physical barrier that reduces forces between Chloroform and the photocatalyst surface. Considering the big difference between water vapor and chloroform and the fact that most chloroform molecules adsorb to the surface of the catalyst via Van Der Walls interactions, which are much weaker than hydrogen bonding of water, the adsorption of water dominates that of chloroform in [START_REF] Obee | TiO 2 photocatalysis for indoor air applications: effects of humidity and trace contaminant levels on the oxidation rates of formaldehyde, toluene, and1 3-butadiene[END_REF]. Besides the photocatalytic process, relative humidity level can greatly affect the type and the quantity of by-products [START_REF] Assadi | A study of pollution removal in exhaust gases from animal quartering centers by combining photocatalysis with surface discharge plasma: From pilot to industrial scale[END_REF]. Abou Saoud et al [START_REF] Abou Saoud | Abatement of ammonia and butyraldehyde under nonthermal plasma and photocatalysis: Oxidation processes for the removal of mixture pollutants at pilot scale[END_REF] obtained similar results when they studied the effect of relative humidity on the ammonia and butyraldehyde degradation, and discovered that the presence of water molecules improves the degradation rate of butyraldehyde at an average humidity value around 50-60%. Zadi et al [START_REF] Zadi | Treatment of hospital indoor air by a hybrid system of combined plasma with photocatalysis: Case of trichloromethane[END_REF] studied the photocatalytic degradation of chloroform in a cylindrical TiO 2 /GFT-based reactor with conventional lighting, and obtained almost 70% of RE for 25 mg.m -3 inlet concentration. Assadi et al studied the effect of RH on the photocatalytic degradation of isovaleric acid and reported that, at medium relative humidity, the photocatalytic oxidation can reach a maximum compared to dry air and to high RH [START_REF] Assadi | Wolbert Modeling of a continuous photocatalytic reactor for isovaleraldehyde oxidation: effect of different operating parameters and chemical degradation pathway[END_REF]. Therefore, on one hand, the total absence of H 2 O molecules is deadly for the photocatalytic process, as it affects the amount of hydroxyl radicals formed on the catalyst surface. On the other hand, a high-water concentration can negatively affect the photocatalytic degradation of the VOC pollutant due to the competition between H 2 O and VOC molecules [START_REF] Zhang | Adsorption and photocatalytic degradation performances of TiO 2 /diatomite composite for volatile organic compounds: Effects of key parameters[END_REF]. Table 2 summarizes some works that investigated the impact of some operating parameters on the efficiency of VOCs removal. 

Effect of the gap between catalyst plates on chloroform removal

The effect of the space in which the gas flows on the photocatalytic performance is studied by modifying the distance between the two glass plates installed in the reactor and supporting the catalyst. The distance between catalysts' plates can greatly influence the step of mass transfer and hence the removal efficiency. Three positions (0, 2.5, and 5 cm) between catalysts are investigated. Figure 5 degradation. For an air gap of 2.5 cm, the removal efficiency reaches a maximum of 97% for an inlet concentration of 4 mg.m -3 . When both catalysts are confused, the catalyst surfaces are reduced so that there will be only one catalyst; this position prevents the diffusion of VOC molecules on all catalyst surfaces, due to the decrease in the active surface of the catalysts.

Regardless of the initial inlet concentration, it can be noted that the CHCl 3 removal decreases in the case where the separation is 5 cm. This trend can be due to a limitation of mass transfer. 

Case of glutaraldehyde (C 5 H 8 O 2 )

Hospital indoor air contains a wide range of volatile organic compounds: disinfectants, sterilizers, cleaning products [START_REF] Kalliokoski | Indoor air quality in hospitals and other health care facilities[END_REF]. Thus, in order to evaluate another type of indoor air pollutant in hospitals and after the optimal conditions have been determined, a series of photocatalytic experiments were carried out to degrade glutaraldehyde under these optimal conditions. In
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. Effect of the ass these experiments, the same degradation profile as chloroform was obtained with a slightly higher removal efficiency (Fig. 6). Therefore, it can be noted that the variation of the inlet concentrations and the flowrates have an influence on the removal efficiency, regardless of the pollutant. According to figure 6, and at a flowrate of 12 m 3 .h -1 , the RE is 88% and 65% for an inlet concentration of 0.0335 mmol.m -3 and 0.335 mmol.m -3 respectively. While for chloroform, it is about 87% and 42%, respectively. This difference in RE may be due to the chemical properties of each of the organic compound, such as molar weight and compound's affinity. 0.02 0.07 0.12 0.17 0.22 0.27 0.32 0.37
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Removal efficiency (%) Results observed in Fig. 6-b confirm that the degradation rate is influenced by the relative humidity Levels. In addition, the highest removal rate was obtained under average humidity conditions (same results than for Chloroform; Fig. 4). From these results, it is worth noting that the maximum degradation rate was obtained at the rage between 45-65% of RH for both pollutants. The degradation rate decreases at high RH levels, which could be due to competition between adsorbed VOC and H 2 O molecules. Zhang et al [START_REF] Chen | Adsorption and degradation of model volatile organic compounds by a combined titania-montmorillonite-silica photocatalyst[END_REF] suggested that, at an average relative humidity level (15% -25%), it is possible that water molecules are physisorbed as hydroxyl groups on the surface of the catalyst via hydrogen bonding; these hydrogen bonds form one or more layers, which inhibit the arrival or delay the contact of the and 60% RH. The distance between both photocatalysts was maintained at 2,5 cm. Figure 7.a shows that the removal efficiency of chloroform and glutaraldehyde in the mixture (CHCl 3 /C 5 H 8 O 2 ) is lower than that of the pure compound. Hence, the VOC removal kinetics shows a global slowdown in the case of binary mixture. For example, in the case of chloroform, this slowdown could be partly attributed to the involvement of other primary and / or intermediate VOCs in the consumption of species containing chlorine [START_REF] Zhang | Adsorption and photocatalytic degradation performances of TiO 2 /diatomite composite for volatile organic compounds: Effects of key parameters[END_REF]. The same behavior was observed by Debono et al [START_REF] Debono | VOC ternary mixture effect on ppb level photocatalytic oxidation: Removal kinetic, reaction intermediates and mineralization[END_REF] when they studied the ternary mixture of toluene, decane and trichloroethylene (TCE); they connected the slowdown of the removal kinetics of TCE to the participation of chlorine-containing species in the degradation of other primary and/or intermediate VOCs in the reaction (i.e., the consumption of chlorine containing species by other VOCs). In general, in the case of a binary mixture of VOCs, the decrease in removal efficiency is based on the competitive adsorption between the two compounds to access the surface of the catalyst [START_REF] Zadi | Indoor air treatment of refrigerated food chambers with synergetic association between cold plasma and photocatalysis: Process performance and photocatalytic poisoning[END_REF][START_REF] Abou Saoud | Abatement of ammonia and butyraldehyde under nonthermal plasma and photocatalysis: Oxidation processes for the removal of mixture pollutants at pilot scale[END_REF][START_REF] Park | Kim Influence of humidity on the removal of volatile organic compounds using solid surfaces[END_REF]. Studies by Chen et al [START_REF] Chen | Adsorption and degradation of model volatile organic compounds by a combined titania-montmorillonite-silica photocatalyst[END_REF] have already reported the inhibitory effect of a ternary mixture of VOCs using equimolar concentrations of toluene, ethanethiol and ethyl acetate; they also related the effect of the mixture on the VOCs elimination with the respective adsorption capacities of the VOCs on the photocatalyst surface.

In our work, we noticed that CHCl 3 is the more volatile compound (P sat.vapor = 21.2 kPa at 20 Carbon dioxide (CO 2 ) is the predominant by-product. An increase in the initial concentration of VOCs leads to a significant decrease in the selectivity to CO 2 . For large concentrations of pollutants, the number of reactive photo-generated species saturates. Chloroform and glutaraldehyde are only mineralized in a small fraction, which corresponds to the formation of CO 2 . The improvement in CO 2 selectivity is clearly noticeable at low concentrations; at low input concentrations, there is more availability of active sites, so the intermediate by-products can be more easily degraded to the final CO 2 stage. Therefore, a competition phenomenon appears between glutaraldehyde, chloroform, and their by-products. This competition depends on the respective concentrations of each chemical entity and the compounds' affinity with the catalytic support [START_REF] Zadi | Indoor air treatment of refrigerated food chambers with synergetic association between cold plasma and photocatalysis: Process performance and photocatalytic poisoning[END_REF][START_REF] Abou Saoud | Abatement of ammonia and butyraldehyde under nonthermal plasma and photocatalysis: Oxidation processes for the removal of mixture pollutants at pilot scale[END_REF][START_REF] Abou Saoud | Synergism between non-thermal plasma and photocatalysis: implications in the post discharge of ozone at a pilot scale in a catalytic fixed-bed reactor[END_REF][START_REF] Queffeulou | Prediction of photocatalytic air purifier apparatus performances with a CFD approach using experimentally determined kinetic parameters[END_REF][START_REF] Assadi | Pilot scale degradation of mono and multi volatile organic compounds by surface discharge plasma/TiO 2 reactor: Investigation of competition and synergism[END_REF]. It can be seen in during the degradation experiment of the binary system; this could be due to the competition effect between VOCs and their by-products.

Effect of the number of optical fiber fabric/LED with optimal air gap

To further improve chloroform degradation, at optimal distance between sheets (d =2.5 cm) different combinations using one or more Optical fibers fabric/LED couples (OF/UV-LED, 2OF/2UV-LED, and 3OF/3UV-LED) have been installed in a parallel configuration into the reactor, as shown in Figure 2. The chloroform removal profile as a function of the number of PS/LED couples, at different inlet concentration ranging from 4 mg.m -3 to 40 mg.m -3 , is shown in figure 8. Each photocatalytic sheet has an active area of 800 cm 2 , which increases linearly to reach 1600 cm 2 or 2400 cm 2 for 2 or 3 sheets. The distance between the catalysts is always 2.5 cm. It is readily seen that the oxidation performance of chloroform increases as a function of the number of photocatalyst sheet/UV-LED couples. However, for low concentrations (4 mg.m -3 ), it can be noted that the removal efficiency of chloroform is almost the same for all three cases (1, 2, and 3OF/UV-LED), i.e. about 96% on average. This behavior can be due to the higher availability of active sites on the photocatalyst surfaces, for the three cases. It was found that the removal efficiency of chloroform is about twice greater for 3OF/UV-LED than for a 1OF/UV-LED. This can be explained by the increase in the number of active surfaces due to the increase of the TiO 2 surface area and then the number of reactive species (OH . , O 2 . , …), and to the increasing number of photons emitted in the system. This means that if we need more reactor efficiency, we can increase the number of PS/UV-LED couples. Similar results were obtained by Tugaoen et al [START_REF] Joo | The use of plastic optical fibers in photocatalysis of trichloroethylene[END_REF] when they treated the water using optical fiber immobilized TiO 2 reactor. 

Kinetic modeling of the degradation with contribution of mass transfer on the planar reactor

For most catalytic gas-solid reactions, as well as heterogeneous photocatalysis, the Langmuir Hinshelwood (L-H) rate form was used [START_REF] Abou Saoud | Abatement of ammonia and butyraldehyde under nonthermal plasma and photocatalysis: Oxidation processes for the removal of mixture pollutants at pilot scale[END_REF][START_REF] Assadi | Acceleration of trimethylamine removal process under synergistic effect of photocatalytic oxidation and surface discharge plasma reactor[END_REF][START_REF] Queffeulou | Prediction of photocatalytic air purifier apparatus performances with a CFD approach using experimentally determined kinetic parameters[END_REF][START_REF] Geng | Adsorption photocatalytic degradation kinetics of gaseous cyclohexane in an annular fluidized bed photocatalytic reactor[END_REF]. The L-H rate equation has been widely recognized as providing good correlations for heterogeneous reactions. In this way, some calculations were made to evaluate mass transfer's role. These calculations were performed using different gas flow rates and different concentrations in order to study the effect of the external mass transfer between the bulk fluid and the outer surface of the thin film catalyst.

The expression of L-H rate has been widely employed in the literature [START_REF] Assadi | Wolbert Modeling of a continuous photocatalytic reactor for isovaleraldehyde oxidation: effect of different operating parameters and chemical degradation pathway[END_REF], [START_REF] Singh | Puma Radiation field optimization in photocatalytic monolith reactors for air treatment[END_REF][START_REF] Geng | Adsorption photocatalytic degradation kinetics of gaseous cyclohexane in an annular fluidized bed photocatalytic reactor[END_REF][START_REF] Assadi | Photocatalytic oxidation of trimethylamine and isovaleraldehyde in an annular reactor: influence of the mass transfer and the relative humidity[END_REF] to describe the photocatalytic reaction on the surface of the catalyst. Generally, two main steps in the photocatalytic process can be considered, the mass transfer step and the chemical reaction necessary to consider the mass transfer step. In this study, the used photocatalytic reactor presents a negligible resistance to the intraparticle transport as a result of the non-porous configuration of thin-film catalyst. Therefore, in this case, just the mass transfer between the catalyst and the bulk fluid can be considered [START_REF] Assadi | Wolbert Modeling of a continuous photocatalytic reactor for isovaleraldehyde oxidation: effect of different operating parameters and chemical degradation pathway[END_REF][START_REF] Assadi | Photocatalytic oxidation of trimethylamine and isovaleraldehyde in an annular reactor: influence of the mass transfer and the relative humidity[END_REF][START_REF] Costa | Study of butyraldehyde degradation and by-products formation by using a surface plasma discharge in pilot scale: Process modeling and simulation of relative humidity effect[END_REF]. As the photocatalysis process involves reactive surface sites, it seems consistent that internal diffusion is negligible, whether Knudsen or molecular [START_REF] Assadi | Acceleration of trimethylamine removal process under synergistic effect of photocatalytic oxidation and surface discharge plasma reactor[END_REF][START_REF] Assadi | Photocatalytic oxidation of trimethylamine and isovaleraldehyde in an annular reactor: influence of the mass transfer and the relative humidity[END_REF][START_REF] Costa | Study of butyraldehyde degradation and by-products formation by using a surface plasma discharge in pilot scale: Process modeling and simulation of relative humidity effect[END_REF]. Thus, in the mass transfer model, only the impact of external mass transfer in the apparent degradation rate for equations ( 3) and ( 4) is considered.

The kinetics of VOC photocatalysis have been formulated by many authors [START_REF] Queffeulou | Prediction of photocatalytic air purifier apparatus performances with a CFD approach using experimentally determined kinetic parameters[END_REF][START_REF] Chen | Effect of mass transfer and catalyst layer thickness on photocatalytic reaction[END_REF][START_REF] Yang | Mo A mass transfer based method for measuring the reaction coefficients of a photocatalyst Atmos[END_REF] following (eq. ( 3) and ( 4)):

In the gaseous phase:

(

In the solid phase:

Where, u and are the flow velocity of the gas (m.s -1 ) and the observed kinetic constant.

The bulk and surface concentration are referred to as and , respectively. K is the adsorption constant, m and n indicate the pollutant and by-products, respectively, and is the medium area per unit volume of the reactor (m TiO2 2 /m reactor 3 ). The chloroform and glutaraldehyde concentrations at inlet are very low, so the amount of their by-products formed would also be very low and their competitive effect will be neglected [START_REF] Assadi | Wolbert Modeling of a continuous photocatalytic reactor for isovaleraldehyde oxidation: effect of different operating parameters and chemical degradation pathway[END_REF][START_REF] Queffeulou | Prediction of photocatalytic air purifier apparatus performances with a CFD approach using experimentally determined kinetic parameters[END_REF][START_REF] Luo | Heterogeneous photocatalytic oxidation of trichloroethylene and toluene mixtures in air: kinetic promotion and inhibition time-dependent catalyst activity[END_REF]. The global mass balances of the different phases are necessary in the continuous flow reactor [START_REF] Assadi | Photocatalytic oxidation of trimethylamine and isovaleraldehyde in an annular reactor: influence of the mass transfer and the relative humidity[END_REF][START_REF] Khezami | Recent progress in air treatment with combined photocatalytic/plasma processes: A review[END_REF].

For mass transfer calculations, the viscosity and density of the fluid are assumed to be similar to that of air. The Reynolds number at flowrates ranging from 4 -12 m 3 .h -1 , corresponds to 492.62 -1477.86, respectively. Thus, the flow regime into the reactor is laminar (Re < 2000) [START_REF] Menon | Transmission Pipeline Calculations and Simulations Manual[END_REF]. For this reason, it was suggested that the mass transfer stage can be considered. The 

[5 e i s consid nature of the gas phase. It can be established using a semi-empirical correlation (eq.5) [

Where and are the dimensilonless numbers of Sherwood, Reynolds and Schmidt, respectively. The molecular diffusivity (D m ) of the pollutants is calculated using the Fuller, Schettler and Giddings correlation (eq.6) [START_REF] Yang | Mo A mass transfer based method for measuring the reaction coefficients of a photocatalyst Atmos[END_REF]:

Where T, P are the absolute temperature (K) and the pressure of the gas stream (Pa), respectively. , , , are the atomic volumes of diffused air (A) and pollutant (B), obtained as the summation of the atomic values of individual atoms that compose the molecular structure of species (A) and (B), and the molecular weights of A and B (g.mol -1 ), respectively. With equation ( 6), we can evaluate the diffusivity coefficients of the pollutants, and then the mass transfer coefficients. Table 3 presents the diffusivity values of Chloroform and glutaraldehyde in air. The mass transfer coefficient values (k m ) can be deduced from the relationship between eq.6 and the links of the diffusion coefficient D m and the Sherwood number (eq. 7):

Where, d is the equivalent diameter. Table 4 shows the Reynolds number and mass transfer coefficients in the planar reactor. After k m coefficients have been calculated, kinetics are generally considered as a first-order type to consider KC s <1 to simplify eq. ( 3) and ( 4) [START_REF] Assadi | Acceleration of trimethylamine removal process under synergistic effect of photocatalytic oxidation and surface discharge plasma reactor[END_REF]. However, the Maple software is used to approach the solution of the non-simplified system according to the series method. Also, second-order development has been shown to be sufficiently accurate due to our analytical equipment and the high precision assessment, in the order or less than 5%, from second to third order approaches has been observed [START_REF] Assadi | Wolbert Modeling of a continuous photocatalytic reactor for isovaleraldehyde oxidation: effect of different operating parameters and chemical degradation pathway[END_REF][START_REF] Menon | Transmission Pipeline Calculations and Simulations Manual[END_REF].

The second order development is: ]

In this 2 nd order development (eq. 8), k obs and K are the two unknown parameters. Both are determined by the numerical simulation with Excel solver [START_REF] Assadi | Acceleration of trimethylamine removal process under synergistic effect of photocatalytic oxidation and surface discharge plasma reactor[END_REF][START_REF] Assadi | Photocatalytic oxidation of trimethylamine and isovaleraldehyde in an annular reactor: influence of the mass transfer and the relative humidity[END_REF]. We define a target cell for each experimental point as the difference between the experimental and theoretical outlet concentration. For each compound, the sum of the square of the target of cells is minimized by the optimization of the two variable cell values. It is therefore possible to find the best k obs and K values for chloroform and glutaraldehyde. This model offers a good description of the experimental results (Fig. 4 and fig. 6).

The k obs and K values are summarized in Table 

Modeling the impact of the relative humidity on the removal efficiency

For both studied VOCs, it was found that an optimal RH value was obtained (Fig. 4 and 6.b).

Interestingly, when the inlet concentration increases, more emphasis is placed on this optimal value. This result is probably attributable to the fact that, under these conditions, there is a greater competition effect between water and VOCs. For example, if the number of active sites is constant, it seems evident that the competitiveness increases as the inlet concentration increases. These results are consistent with previous work on the degradation of trimethylamine [START_REF] Abou Saoud | Synergism between non-thermal plasma and photocatalysis: implications in the post discharge of ozone at a pilot scale in a catalytic fixed-bed reactor[END_REF], propionic acid and benzene [START_REF] Zadi | Indoor air treatment of refrigerated food chambers with synergetic association between cold plasma and photocatalysis: Process performance and photocatalytic poisoning[END_REF], and cyclohexane [START_REF] Geng | Adsorption photocatalytic degradation kinetics of gaseous cyclohexane in an annular fluidized bed photocatalytic reactor[END_REF]. L-H bimolecular model can be used to correlate the experimental data by treating VOC/water system as binary mixture system [START_REF] Assadi | Acceleration of trimethylamine removal process under synergistic effect of photocatalytic oxidation and surface discharge plasma reactor[END_REF][START_REF] Shang | Structure and photocatalytic characteristics of TiO 2 film photocatalyst coated on stainless steel webnet[END_REF]. The kinetics of degradation can be written as follow (eq.9): 

So eq. ( 9) is written as:

Where , are the water vapor concentration and the related Langmuir adsorption constant, respectively. and are the competitive adsorption constants of pollutant and water, respectively. The constant and are taken from table 5.

All model constants are solved numerically using the Excel solver. They are presented in Table 6. As shown in Fig. 4 and Fig. 6.b, the model correlates well with the experimental results. Thus, it is possible to estimate the effect of water vapor on the photodegradation at different pollutant and at different inlet concentrations. The optimal humidity condition for photocatalytic degradation of chloroform and glutaraldehyde are approximately 45-65%.

TiO 2 /optical fiber recyclability

In order to evaluate the stability and reuse of the TiO 2 -coated optical fiber (TiO 2 /optical fiber) used in this study, repetitive photocatalytic cycles (C i ) were applied, under the same experimental conditions as those of the first cycle, for the chloroform degradation at different Inlet concentrations (4mg.m -3 up to 40mg.m -3 ). After each experiment, the photoreactor is purified with air (12 m 3 .h -1 ) under UV light (UVA-LED) for 2 hours to eliminate all contamination. So as can be seen in figure 9, the optical fiber has a good stability, approved by the slightly decrease of the degradation efficiency after 4 cycles. To confirm this stability, the reaction rate constant k and the adsorption constant K were determined using the solver Excel (Table 7). According to the later, there is no significant difference between the coefficient values, which allows us to confirm the stability of the catalyst. On the other side, this finding confirm that the reaction does not occurs in the gas phase but on the photocatalyst surface by a Langmuir-Hinshelwood mechanism. In addition, (C1, C2, C3, and C4) in fig. 9 shows the conversion of the inlet concentration of chloroform.

We have shown above that the pollutant inlet concentration influences the removal efficiency, but it does not have a significant impact on both constants (kobs, and K). As a result, the photocatalytic oxidation, at this range of chloroform concentration (i.e. low concentrations), is not limited by the number of active sites on the TiO 2 /OF photocatalyst, and that there is no competitive adsorption phenomenon between chloroform and its by-products. In the same context, Bouzaza et al [START_REF] Menon | Transmission Pipeline Calculations and Simulations Manual[END_REF] demonstrated that at high concentrations (e.g. ppmv), phenomena of catalyst saturation and adsorption competition are generally observed. In order to mitigate real hospital lighting, doping can red shift the spectral absorption of TiO 2 leading to VOC removal under actinic indoor light [START_REF] Abidi | Simultaneous removal of bacteria and volatile organic compounds on Cu 2 O-NPs decorated TiO 2 nanotubes: Competition effect and kinetic studies[END_REF][START_REF] Petronella | Uniform TiO2/In2O3 surface films effective in bacterial inactivation under visible light[END_REF][START_REF] Milosevic | Synergistic effect of Fluorinated and N doped TiO2 nanoparticles leading to different microstructure and enhanced photocatalytic bacterial inactivation[END_REF][START_REF] Milošević | Synthesis and characterization of fluorinated anatase nanoparticles and subsequent N-doping for efficient visible light activated photocatalysis[END_REF].

4.Conclusion

This work aims to study the photocatalytic performance of a new system formed from TiO 2 nanoparticles and optical fibers for the degradation of pollutants potentially existing in the indoor air of hospitals (chloroform (CHCl 3 ) and / or glutaraldehyde (C 5 H 8 O 2 )). The experiments were simulated in a planar photocatalytic reactor. The results showed that the removal efficiency of VOCs can be reduced at high flow rates, however a competitive adsorption phenomenon between H 2 O (high humidity value) and pollutants to the active photocatalytic sites have a negative influence on the oxidation of VOCs. The high removal efficiency is obtained for 3OF/3UV-led at 2.5 cm of distance between each photocatalyst. However, this configuration had the highest number of active sites and more emitted photons. By considering the effect of relative humidity and the mass transfer step, we were able to use the bimolecular L-H kinetic (Langmuir-Hinshelwood) approach and to determine the flow independent constants L-H (k and K). Moreover, the optimal value of the relative humidity can be determined by deriving the equation model. This study demonstrated that the optical fiber immobilized TiO 2 presents good stability during its recyclability and usability. With this result, 
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  flowrates. The use of a planar reactor is intended to evaluate the VOC photodegradation limitation step. The novelty of this study is the use a specific textile fiber technology for the VOCs photodegradation in a binary mixture system. With this new configuration, it is possible to obtain a new and compact process without needing external light source. In addition, following the Langmuir-Hinshelwood and mass transfer model, a design equation was suggested. It can be an excellent basis for the scaling of photoreactor. Our work aims to study the chloroform and glutaraldehyde removal by photocatalysis in a planar reactor at pilot scale.

Figure 1 .

 1 Figure 1. SEM pictures of textile fiber treated: (a) without TiO 2 , (b) photocatalytic material, (c), (d) with TiO 2 , (d) and (e) are the lighted optical fiber sample and approximate diagram of the optical fiber, respectively.

Figure 1 .

 1 Figure 1.a shows Scanning Electron Microscopy (using a JEOL JSM 7100 F microscope) of

Figure 3 .

 3 Figure 3. Removal efficiency (RE) of chloroform with different inlet concentration at different flow rates, (LED-UV intensity = 1.5 W.m -2 , relative humidity (RH) = 60 ± 5%).

Figure 4 .

 4 Figure 4. Effect of the relative humidity on the photocatalytic removal of Chloroform, (T=20°C, Q= 4m 3 .h -1 ).

  shows the effect of catalysts' positions on the photocatalytic

3 Figure 5 .

 35 Figure 5. Effect of the distance between both textile catalysts on chloroform removal (T=20°C, Q=4 m 3 .h -1 , RH= 60 ± 5%).
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 16 Figure 6. Removal efficiency (RE) of glutaraldehyde with different inlet concentration at different
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Figure 7 .

 7 Figure 7. (a) Effect of mixture on the photocatalytic removal of chloroform and glutaraldehyde and

Figure 7 .

 7 b that CO 2 selectivity decreases

Figure 8 .
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  step. Based on the results obtained on the effect of the air gap on the removal efficiency, it is

  coefficient of external mass transfer, k m , is function of the flow regime of the fluid and the
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Figure 9 .

 9 Figure 9. Recycling runs of the TiO 2 /optical fiber for the photocatalytic degradation of chloroform at different inlet concentrations (4mg.m -3 up to 10 mg.m -3 ), (T=20°C, Q = 4m 3 .h -1 , N sheet = 2, RH=60 ± 5%).
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Table 1 .

 1 The different experimental conditions are summarized in Table1. The experimental conditions
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	(Bronkhorst In-Flow, France) were introduced at the reactor inlet (figure 2.c). The flow rate
	was varied from 4 m 3 .h -1 to 12 m 3 .h -1 (table 1). The air quality (humidity and temperature) was
	monitored by a specific sensor (Testo 445, Mönchaltorf, Switzerland). In this study, a column

Table 2 .

 2 Comparison of some results obtained in the literature with external UV lamp.

	Authors	catalysts	VOCs	Studied parameters	Optimal results
	Mamaghani et	commercial TiO 2	Toluene,	[VOC] inlet and Q	Q= 6 L.min -1
	al [51]	photocatalysts	methyl ethyl ketone	RH	RH= 20%
					[VOC]= 10
	Zhang et al		Formaldehyde,	[VOC] inlet and Q	ppm
		TiO 2 /diatomite			
	[43]		acetone, and p-xylene	RH	Q= 1 L.min -1
					RH= 0%
			butyraldehyde		
	Abou Saoud et	Glass Fiber			
			(BUTY), dimethyl	[VOC] inlet and Q	Q= 4 m 3 .h -1
	al [32]	Tissue (GFT)			
			disulfide (DMDS)		
		SiO 2 -			
		TiO 2 coating on	propionic acid (PPA),	[VOC] inlet and Q	Q= 2 m 3 .h -1
	Zadi et al [31]				
		the fiber glass	and benzene (BENZ)	RH	RH= 50%
		Tissue (GFT)			
			Ammonia (NH 3 ) and		
	Abou Saoud et	TiO 2 coating on			Q= 1 m 3 .h -1
			butyraldehyde	[VOC] inlet and Q	
	al [33]	the GFT			RH= 55-60%
			(C 4 H 8 O)		

Table 3 :

 3 Diffusivity values of Chloroform and glutaraldehyde in air

	Pollutants	Formula	Diffusivity in the air D m (cm 2 /s)
	Chloroform	CHCl 3	0.0884
	Glutaraldehyde	C 5 H 8 O 2	0.0778

Table 4 :

 4 Reynolds number and mass transfer coefficients

	Mass transfer coefficient
	(k m × 10 3 , m.s -1 )

Table 5 :

 5 k obs and K values for Chloroform and glutaraldehyde In addition, the influence of the flow regime is completely integrated by the parameter k m . It is therefore interesting to note that these constants do not depend on flowrates. Then, with this L-H model, a separation between the mass transfer and the stage of the chemical reaction were presented. Thereafter, it is possible to use these more reasonable constants (k obs , K) that do not depend on the flow rate to investigate the effect of relative humidity on the degradation rate at each flowrate

	VOC	Chloroform	Glutaraldehyde
	k obs (mmol.m -3 .s -1 )	0.0425	0.0886
	K (m 3 .mmol -1 )	2.7367	1.1585
	R 2 (%)	99.89	99.57

Table 6 .

 6 The values of L-H model of each VOC test

		K obs	K	K W	K' A	K' W
	VOC					
		(mmol.m -3 .s -1 )	(m 3 .mmol -1 )	(m 3 .mmol -1 )	(m 3 .mmol -1 )	(m 3 .mmol -1 )
	Chloroform	0.042	2.73	0.0109	1.3097	0.0047
	Glutaraldehyde	0.088	1.15	0.014	2.2848	0.0028

Table 7 .

 7 K and k obs parameter values of the L-H model for 4 successive cycles.

Highlights

Proposal of a potential method of treating indoor air in hospitals Degradation of VOCs in a binary mixture system by TiO2 on Luminous textile.

Testing the impacts of key parameters on the photocatalytic performance. Kinetic modelling and mass transfer limitation were investigated.