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Introduction

The common denominator for applications based on a solar photoreactor is solar resource management [START_REF] Goswami | Principles of solar engineering[END_REF][START_REF] Duffie | Solar engineering of thermal processes, Fourth Edition[END_REF]. Whether photochemical processes are used for electricity production [START_REF] Kéré | Modeling and integration of a heat storage tank in a compressed air electricity storage process[END_REF][START_REF] Hoffmann | A thermocline thermal energy storage system with filler materials for concentrated solar power plants: Experimental data and numerical model sensitivity to different experimental tank scales[END_REF][START_REF] Hoffmann | Experimental and numerical investigation of a thermocline thermal energy storage tank[END_REF],

water photo-oxidation [START_REF] Malato | Photocatalysis with solar energy at a pilotplant scale: an overview[END_REF][START_REF] Galvez | Solar Detoxification[END_REF], or for heat production [START_REF] Schmidt | Projecting the Future Levelized Cost of Electricity Storage Technologies[END_REF][START_REF] Haillot | Synthesis and characterization of multifunctional energy composite: Solar absorber and latent heat storage material of high thermal conductivity[END_REF], their capacities are directly dependent on sunlight conditions which are subject to drastic variations (day/night cycles, seasonal cycles, meteorological conditions,etc.).

In photo-oxidation wastewater treatment processes, these technologies produce radicals, which are extremely reactive species capable of mineralizing all carbon compounds in a nonselective manner. Heterogeneous photo-oxidation, which is part of the family of advanced J o u r n a l P r e -p r o o f oxidation processes along with photo-fenton and ozonation processes, generates radicals from a photocatalyst [START_REF] Minero | Kinetic analysis of photoinduced reactions at the water semiconductor interface[END_REF][START_REF] Herrmann | Heterogeneous photocatalysis: an emerging discipline involving multiphase system[END_REF][START_REF] Agrios | State of the art and perspectives on materials and applications of photocatalysis over TiO2[END_REF], which for most industrial and academic applications is TiO2 [START_REF] Galvez | Solar Detoxification[END_REF][START_REF] Malato | Effect of operating parameters on the testing of new industrial titania catalysts at solar pilot plant scale[END_REF].

This mechanism is effective but very short-lived, as radicals have only nanosecond lifetimes [START_REF] Minero | Kinetic analysis of photoinduced reactions at the water semiconductor interface[END_REF][START_REF] Herrmann | Heterogeneous photocatalysis: an emerging discipline involving multiphase system[END_REF]. Then, the radicals get consumed instantly, which is a major bottleneck to use the solar radiation where discontinuities operate on a scale of an hour (cloudy passages) to a day (day/night cycle). To overcome this constraint tied to the discontinuities of solar radiation, the solution lies in storing pollutants during night or low-sunlight phases in order to oxidize both stored pollutants and those continuously arriving from the flow of water during high-sunlight phases [START_REF] Chekem | Effective coupling of phenol adsorption and photodegradation at the surface of micro and mesoporous TiO2 activated carbon[END_REF][START_REF] Chekem | Modeling of adsorption/photodegradation phenomena on AC-TiO2 composites catalyst for water detoxification[END_REF][START_REF] Jo | Removal of dimethyl sulfide utilizing activated carbon fiber-supported photocatalyst in continuous-flow system[END_REF][START_REF] Matos | Influence of activated carbon upon titania on aqueous photocatalytic consecutive runs of phenol photodegradation[END_REF].

Technological solutions proposed at the process scale consist in designing hybrid processes that combine a storage process (e.g. column adsorption, membrane separation) with a photooxidation treatment process (photo-fenton, UV-ozonation, photocatalytic oxidation) [START_REF] Miguet | Removal of a chlorinated volatile organic compound from aqueous phase by adsorption on activated carbon[END_REF][START_REF] Miguet | Sustainable thermal regeneration of spent activated carbons by solar energy: application to water treatment[END_REF][START_REF] Goetz | Hybridation between heterogeneous photocatalysis and adsorption[END_REF][START_REF] Plantard | Coupling of photocatalytic and separation processes as a contribution to mineralization of wastewater[END_REF].

This option consists of operating in two steps, where step one is a separation of the water matrix and contaminants, and step two is an oxidation of these contaminants (concentrated in an effluent or adsorbed on a sorbent) [START_REF] Areerachakul | Granular activated carbon (GAC) adsorption-photocatalysis hybrid system in the removal of herbicide from water[END_REF][START_REF] Atheba | Design and study of a cost-effective solar photoreactor for pesticide removal from water[END_REF][START_REF] Critenden | Decomtamination of water using adsorption and photocalysis[END_REF][START_REF] Mohamed | Removal of organic compounds from water by adsorption and photocatalytic oxidation[END_REF]. Such a concept is hugely advantageous, as it makes it possible to smooth the effects of resource intermittencies by dissociating the separation and treatment steps in time and space [START_REF] Chekem | Modeling of adsorption/photodegradation phenomena on AC-TiO2 composites catalyst for water detoxification[END_REF][START_REF] Miguet | Sustainable thermal regeneration of spent activated carbons by solar energy: application to water treatment[END_REF]. The main bottleneck to this approach is the inertia generated by the addition of storage, destocking and oxidation of water or contaminant-loaded adsorbent phases.

To break this deadlock, the avenues of research envisaged by the scientific community are moving towards the development of small-scale composites. The aim is to design hybrid materials made up of the two components, namely an adsorbent capable of storing molecules and a photocatalyst to drive the production of radicals. Such an association makes it possible to manage molecules in situ by playing on the reversibility of the balance between liquid and adsorbed phases [START_REF] Chekem | Modeling of adsorption/photodegradation phenomena on AC-TiO2 composites catalyst for water detoxification[END_REF][START_REF] Chekem | Matériaux carbonés multifonctionnels à porosité contrôlée à partir des ressources végétales tropicales : application au traitement de l'eau par photocatalyse[END_REF]. The applications targeted are regeneration of these composites by photo-oxidation of the molecules stored on the adsorbent or use of these composites in molecule sorption cycles during the low-irradiation phases (clouds, night) and oxidation during the highirradiation phases. Finally, it can also be assumed that the role played by the adsorbent in the photo-oxidation mechanism can have a synergistic effect [START_REF] Minero | Kinetic analysis of photoinduced reactions at the water semiconductor interface[END_REF][START_REF] Herrmann | Heterogeneous photocatalysis: an emerging discipline involving multiphase system[END_REF][START_REF] Herrmann | Solar photocatalytic degradation of 4-chlorophenol using the synergistic effect between titania and activated carbon in aqueous suspension[END_REF][START_REF] Matos | Synergy effect in the photocatalytic degradation of phenol on a suspended mixture of titania and activated carbon[END_REF][START_REF] Xue | Synergy between surface adsorption and photocatalysis during degradation of humic acid on TiO2/activated carbon composites[END_REF]. First, the presence of an adsorbent near the catalyst generates a high concentration gradient during the sorption phase that can greatly accelerate the transfer of molecules to the catalyst surface [START_REF] Zhang | Enhancing the concentration of TiO2 photocatalyst on the external surface of activated carbon by MOCVD[END_REF][START_REF] Asenjo | Correct use of the Langmuir-Hinshelwood equation for proving the absence of a synergy effect in the photocatalytic degradation of phenol on a suspended mixture of titania and activated carbon[END_REF][START_REF] Baransi | Synergetic effect between photocatalytic degradation and adsorption processes on the removal of phenolic compounds from olive mill wastewater[END_REF][START_REF] Wei | Synergy effect in photodegradation of contaminants from water using ordered mesoporous carbon-based titania catalyst[END_REF]. Another possibility is that the presence of adsorbed molecules substantially increases the local concentration of molecules in the vicinity of the catalysts.

J o u r n a l P r e -p r o o f

To fully address this theme, describe and understand the mechanisms involved, the research has mainly focused on the association of activated carbonknown as a suitable candidate for adsorption in solar water treatment application [START_REF] Cagnon | Elaboration de charbons actifs à texture contrôlée[END_REF][START_REF] Cagnon | The effect of the carbonization/activation procedure on the microporous texture of the subsequent chars and active carbons[END_REF][START_REF] Yuan | Effect of the pore size of TiO2-loaded activated carbon fiber on its photocatalytic activity[END_REF][START_REF] Py | Activated carbons textural optimization for gas storage processes[END_REF][START_REF] Bhatnagar | An overview of the modification methods of activated carbon for its water treatment applications[END_REF] with titanium dioxide, which requires the development of efficient methods of preparing AC/TiO2 composites that maintain the adsorbent capacity of the activated carbon and the photo-activity of the TiO2 catalyst. There has been much research into methods for associating these two entities, with various applications [START_REF] Agrios | State of the art and perspectives on materials and applications of photocatalysis over TiO2[END_REF][START_REF] Leary | Carbonaceous nanomaterials for the enhancement of TiO2 photocatalysis[END_REF]. The main techniques are plasma deposition processes (Plasma-Assisted or Plasma-Enhanced Chemical Vapor Deposition) and soft methods (sol-gel, hydrothermal, impregnation) [START_REF] Xue | Synergy between surface adsorption and photocatalysis during degradation of humic acid on TiO2/activated carbon composites[END_REF][START_REF] Seifried | Nanocrystalline Titania films and particles by chemical vapor synthesis[END_REF][START_REF] Martinez | Effect of deposition methods on the properties of photocatalytic TiO2 thin films prepared by spray pyrolysis and magnetron sputtering[END_REF]. They show that degradation capacities of the catalyst are improved [START_REF] Herrmann | Solar photocatalytic degradation of 4-chlorophenol using the synergistic effect between titania and activated carbon in aqueous suspension[END_REF][START_REF] Baransi | Synergetic effect between photocatalytic degradation and adsorption processes on the removal of phenolic compounds from olive mill wastewater[END_REF][START_REF] Matos | Synergy effect in the photocatalytic degradation of methylene blue on a2 and N-containing carbons[END_REF] and that activated carbon coated with a catalyst can undergo several storage/regeneration cycles [START_REF] Chekem | Modeling of adsorption/photodegradation phenomena on AC-TiO2 composites catalyst for water detoxification[END_REF]. Very recently, work has shown the possibility of combining activated carbon and a photocatalyst by mechanical milling [START_REF] Ribeiro | Activated-Carbon/TiO2 composites preparation: An original grafting by milling approach for solar water treatment applications[END_REF]. This original path, based on the mechanical and ballistic action of mill balls [START_REF] Suryanarayana | Mechanical alloying and milling[END_REF], generates the formation of particles in the form of aggregates.

Grafting by mechanical milling offers the possibility of developing compositionally-varied AC-TiO2 composites using the same single method while preserving the original properties of each component. Unlike the methods traditionally considered (Chemical Vapor Deposition, sol-gel) for functionalizing activated carbon surfaces, mechanical milling leads to composites that combine both components in the same volume. It is therefore possible to control the properties of the composite by scanning compositions from 0 (catalyst alone) to 1 (carbon alone) using a single method and set of operating conditions.

To meet the constraints of using the solar resource, the aim is to be able to manage the impact of discontinuities in sunlight by smoothing out variations in concentrations of molecules in the liquid. Here it is set out to control the functional properties of composites, such as sorption capacity, transfer rate and oxidation capacity. Modifying the composition of the compositesand, critically, the adsorbent/catalyst ratio-makes it possible to direct their functional properties to the target applications, which here is large storage, regeneration and/or photooxidation capacity. This work will be based on grafting by mechanical milling, which is a totally original method for the preparation of composites combining photocatalytic nanoparticles with adsorbents. This method makes it possible to prepare composites that cover the entire range of compositions and to compare their ability to adsorb and/or photo-oxidize between themselves but also against references materials, i.e. pure AC and pure TiO2. Thus, an experimental study is proposed hereafter to emerge the role of the adsorbent/catalyst pair and the role of composition as a template of functional properties. These functional properties are studied using J o u r n a l P r e -p r o o f a representative target molecule, caffeine [START_REF] Beltrame | Adsorption of caffeine on mesoporous activated carbon fibers prepared from pineapple plant leaves[END_REF]. As the aim is to demonstrate the value of varying the composition, the experimental measurements of sorption and oxidation capacity and their associated rates (transfer and oxidation rate) will be treated with simple models from the literature. The results can thus be compared to identify the effects related to the milling-process operating conditions and the effects related to composition. Prior to this comparative study, the AC/TiO2 composites will be studied in terms of compositional properties, grain size and size distribution with the objective of developing repeatable composites that preserve the characteristics of the two original components.

Experimental

Materials and reagents

AC/TiO2 composites were synthesized from commercial AC and TiO2 powders. Picahydro SP23 (Pica, France) AC was selected for its capacity to remove micropollutants like volatile organic compounds or industrial solvents from water by adsorption. This AC resulting from physical activation of coconut shell is characterized as having a high specific area of around 1000 m²/g and a millimetric-scale mean particle size. Aeroperl® P25 was chosen as the TiO2 material for its high photodegradation capacity due to the controlled crystalline phase composition, which is described by the supplier as composed of 80 wt.% anatase and 20 wt.% rutile. The Aeroperl® P25 product also presents controlled powder granulometry (25 µm average diameter aggregates constituted of nanometric crystallites [START_REF] Carbajo | Analysis of photoefficiency in TiO2 aqueous suspensions: Effect of titania hydrodynamic particle size and catalyst loading on their optical properties[END_REF]). Reagent plus-grade caffeine powder (>99.0% purity) was purchased from Sigma-Aldrich USA.

Synthesis process

AC/TiO2 composites were prepared by mechanical milling with a Fritsch Pulverisette 6 planetary ball mill. The highly-refractory and hard ceramic zirconia was selected as material for grinding-bowl and milling-ball components. Synthesis was performed in a 45 mL grinding bowl using small 3 mm-diameter milling balls. The ball-to-powder mass ratio chosen was the most common ratio for this type of preparation [START_REF] Miao | Photocatalytic degradations of three dyes with different chemical structures using ball-milled TiO2[END_REF]. The rotary speed of the planetary ball mill was set at a fixed 400 rpm to stay below the upper speed limit at which the balls no longer collide inside the mill but roll on the inner wall [START_REF] Suryanarayana | Mechanical alloying and milling[END_REF]. The milling protocol was composed of 5 min break after every 15 min of milling, for a total milling time of 10h. The whole set of parameters was chosen from optimization work that afforded a homogeneous AC/TiO2 composite powder with repeatable granulometry without losing the adsorption and J o u r n a l P r e -p r o o f photodegradation properties of the starting materials [START_REF] Ribeiro | Activated-Carbon/TiO2 composites preparation: An original grafting by milling approach for solar water treatment applications[END_REF]. A set of five initial AC/TiO2 powder mass ratios was selected to cover a broad scale of compositions. Furthermore, two unmixed samples were prepared in the same way but with pure TiO2 and pure AC as starting powder materials instead of a mix of both. These mechanosynthesized materials were named M_TiO2 for 'Milled TiO2' and M_AC for 'Milled AC', and served to limit the composition domain for the study on the properties of the composite materials. AC weight percentages in the as-made composites were as follows: 1, 5, 15, 30 and 75 wt.% of AC (the rest of the composite mass being TiO2). For the purposes of this work, the composites were named 1_AC/TiO2, 5_AC/TiO2, 15_AC/TiO2, 30_AC/TiO2, and 75_AC/TiO2, thus discriminating each composite based on the percentage weight of AC as given by the number prefixing the name. For each sample, the powder mixture was put in the zirconia mill and the process ran under ambient atmospheric pressure and temperature conditions.

Characterizations

Conventional methods

Morphology of the prepared materials were analyzed by Scanning Electron Microscopy (SEM-FEG, Hitachi S-4500). Images were acquired with a secondary electron detector and a 5 kV electron beam, at a working distance of 5 mm. The homogeneity of the powder particle composition was analyzed using KEVEX Si(Li) Brüker software-assisted EDS in the SEM. Materials microstructure was investigated using Brunauer-Emmett-Teller (BET) analysis. Surface area and pore size distribution were determined by N2 adsorption at 77 K and 10 h degassing at 200°C using a Micromeritic TriStar II 3020 analyzer.

Granulometric analysis procedure

The particle-size homogeneity of the composite powders was analyzed using an image processing protocol instead of classical light scattering methods for which biases can occur while measuring particle size distribution of multi-component particles, because of the limits of Fraunhofer and Mie theories used in such methods [START_REF] Ferro | Comparing particle size distribution analysis by sedimentation and laser diffraction method[END_REF]. First, 0.01g of AC/TiO2 powder was added to 10 mL acetone and sonicated for 15 min at 40 kHz to obtain a dispersed suspension and break up the agglomerates. A few drops of the suspension were deposited onto a silica substrate and left to air-dry for 1 min, leading to dispersed composite particles on the silica substrate. SEM images were then taken at low magnification (×3000) to allow granulometric analysis of the composite powders by digital image processing at a sufficient resolution to be J o u r n a l P r e -p r o o f able to detect any submicron-sized (>100 nm) particles. To make granulometric analysis possible, a hundred images were captured in order to reach at least 1000 particles for a sufficiently representative granulometric analysis [START_REF] Varga | Granulometric characterization of paleosols in loess series by automated static image analysis[END_REF]. All these images were processed using the open-source program ImageJ as follows: (i) image binarization to detect the particle edges and thus obtain the particle surface areas; (ii) calculation of the equivalent spherical diameters from the particle surface areas.

Functional properties assessment

Adsorption and photodegradation batch experiments were carried out using 100 mL caffeine solutions produced using ultrapure water (18 MΩ.cm). This molecule was chosen as a target of adsorption and photodegradation as it is recalcitrant to classical water treatment processes [START_REF] Beltrame | Adsorption of caffeine on mesoporous activated carbon fibers prepared from pineapple plant leaves[END_REF].

Caffeine concentration was followed over time via ultra-high-performance liquid chromatography using an Ultimate 3000 Thermo Scientific system equipped with a UV-Vis detector and a C-18 Hypersil GOLD column (100 mm x 2.1 mm; particle size: 5 µm). Isocratic elution mode with detection at λ = 274 nm was used with an initial 90:10 (v/v) water:acetonitrile mixture at a 0.6 mL.min -1 flowrate. A 40W neon source whose spectrum is centered at 370 nm was placed above the testbench at a distance set to give an average incident flux density on beaker solutions of 25 W.m -2 . The irradiation source was shut off for adsorption runs and turned on for photocatalytic degradation experiments.

Adsorption procedure

Sample preparation for adsorption measurements was as follows. The powder concentration in the caffeine solutions was chosen as 1.0 g.L -1 . The solutions contain different initial concentrations of caffeine from 10 to 600 mg.L -1 and are magnetically stirred until the reach of an equilibrium of caffeine between liquid phase and solid phase. The duration of the experiment can thus vary from an experiment to another, but all experiments were then stopped when the caffeine concentration variation in liquid phase reached a value as low as 2 mg.L -1 over 5 hours. This criterion was defined from previous works and was assumed necessary to stop the experiments [START_REF] Miguet | Removal of a chlorinated volatile organic compound from aqueous phase by adsorption on activated carbon[END_REF]. Indeed, the reach of a perfect balance on the adsorbate concentration profiles is extremely long in liquid phase because of the diffusion mechanisms which are very limiting the reach of the perfect equilibrium. The adsorption capacity of each powder was then obtained from these equilibria by plotting adsorbed caffeine to equilibrium qads in mg/g of powder against liquid-phase equilibrium concentration Ceq (mg.L -1 ). Here the choice was made to represent the J o u r n a l P r e -p r o o f adsorbed caffeine amount per gram of powder instead of representing it per gram of adsorbent material in order to depict the real adsorption capacity of each composite powder considering them as new entities.

Photo-oxidation experiments

In order to quantify the capacity of the studied composites to photo-oxidize caffeine in solution, it is obviously necessary to separate photodegradation from removal by adsorption.

The photodegradation experiments began with an adsorption phase (UV lamp off) which was chosen to last 180 min in line with the stop criterion defined in section 3.2 for the adsorption isotherm. The experiments were designed to meet requirements on (i) the amount of composite powder quantity selected for the experiment and (ii) the initial caffeine concentration. It was chosen to compare the performance of the composites in photo-oxidation on the basis of a same amount of TiO2 whatever is the material composition. Previous work had defined 2 g.L -1 TiO2 as the amount of Aeroperl® P25 to absorb the major part of the light (more than 90% of the incident light density is absorbed) in conditions similar to the presented experimental system (0.02 meters of suspension crossed by near-UV light) [START_REF] Plantard | Solar photocatalysis treatment of phytosanitary refuses: Efficiency of industrial photocatalysts[END_REF]. A TiO2 content of 0.2 g was thus the fixed criterion defining the mass of each composite powder added in the caffeine solution.

Experimental conditions were selected in terms of caffeine concentration within the objective to qualify and quantify the photo-oxidation rate without any interaction or coupling with sorption phenomena. The most favorable conditions to reach this objective were: (i) to provide photo-oxidation with composites initially saturated in caffeine (qeq ≈ qmax); (ii) to carry the photodegradation process for each composite without any change in the adsorbed caffeine amount in AC. In practice, such a working mode needed to stop photo-oxidation once the caffeine concentration in the liquid phase falls below the concentration for which isotherm plateau is reached (100 mg.L -1 ). Additionally and ideally, the initial concentration when the photo-oxidation started had to be the same for each experiment. To meet these requirements, a preliminary phase of adsorption was systematically carried out with an initial caffeine concentration adapted to each composite. After this preliminary phase running from 0 to 180 min, UV lamp was turned on.

Results and discussion

Composite structural properties

J o u r n a l P r e -p r o o f

The ×50,000 magnification images captured by SEM (Fig. 1) highlight very clear differences in morphology from one AC/TiO2 composition to another. The 1_AC/TiO2 sample was composed of big aggregate-shaped particles (micron-scale) covered by nanometric components which were mostly TiO2 particles. AC was indistinguishable on the particle surface, suggesting that the carbon component is located inside these aggregates. The 15_AC/TiO2 sample image showed that increasing carbon content from 1 wt.% to 15 wt.% did not change the final particle shape but did lead to distinguishably facetedshape AC particles at the surface of 15_AC/TiO2 aggregates. The 30_AC/TiO2 sample, and the 75_AC/TiO2 sample in which TiO2 was not the dominant surface compound, had differentshaped aggregates composed of one or more big micron-sized AC particles heterogeneously covered by TiO2. They also displayed different AC coverage ratios: coverage decreased with increasing carbon content. Ultimately, there were two broadly different composite structures, one for low AC content (1_AC/TiO2 to 15_AC/TiO2) and one for high AC content (30 AC/TiO2 and 75_AC/TiO2).

The homogeneity of the powder particle composition was analyzed using KEVEX Si(Li) Brüker software-assisted EDS in the SEM. The aim of this characterization was not to provide quantitative analysis but rather to assess the homogeneity of the synthesized powder, as carbon is hard to quantify within the device configuration. Although the depth resolution of each EDS analysis is dependent on the sample nature and the electron beam energy, is was estimated that the depth resolution ranges from less than one micrometer to few micrometers for a 5kV low electron beam energy [START_REF] Goldstein | Scanning Electron Microscopy and X-Ray Microanalysis[END_REF], allowing to assume that only one or a few particles are taken into J o u r n a l P r e -p r o o f account for a local EDS analysis. Thus, 10 analyses were carried out at different points of each powder and reported the average composition values with standard deviations in Table 1. The compilation of elemental analysis data for each sample revealed that: (i) average composition values calculated from 10 local analyses were close to the original AC/TiO2 ratios for all composite samples; (ii) standard deviations calculated from these measures were less than 8% for each component's weight percentage value. Thus, for each composite sample, the elemental analysis is repeatable through the whole powder and even for very small analytical sample volumes. It was thus asserted that powder aggregates of all the studied AC/TiO2 samples present a degree of compositional homogeneity This image processing protocol was conducted to characterize sample granulometries for all the composites by computing particle volume density as a function of particle diameter (Fig. 2). As the 10h milling time was chosen, composites milled for a shorter time (1h) were reported on each composite granulometric analysis to verify the particle size convergence from a chaotic distribution to a clean distribution, as it can be expected while using mechanical milling process [START_REF] Suryanarayana | Mechanical alloying and milling[END_REF].

J o u r n a l P r e -p r o o f (

)) was used to fit the experimental measured particle distributions of these composite powders:
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J o u r n a l P r e -p r o o f where x is particle diameter, µ is the mean size distribution value, and σ is the standard deviation. For each sample, the mean particle diameter found was around 3.1 ± 0.4 µm and the standard deviation was 1.00 ± 0.15 (Table 2). Note that R², the correlation coefficient between experimental granulometry and theoretical representation by a Gaussian function, was always superior to 0.97. This last investigation allowed to highlight that the chosen 10h milling protocol leads to a tight Gaussian-like particle size distribution centered around 3 µm, independently of the initial AC/TiO2 composition. It was then pointed out that all the studied composites present both a compositional and size-distribution homogeneities.

Adsorption capacity

The adsorption capacity of the composites was studied in order to investigate the effect of composition. Adsorption isotherms were fitted using Langmuir isotherm theory, based on the assumption that adsorption occurs in a continuous monolayer on a homogeneous surface [START_REF] Langmuir | The constitution and fundamental properties of solids and liquids. II. Liquids[END_REF].

This model was found to be consistent with the AC adsorption mechanism, which is 
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where qe is amount adsorbed at equilibrium (mg.g -1 ), qmax is a constant representing the maximum adsorption capacity of the adsorbent (mg.g -1 ), b is a constant that depicts the energy of adsorption and is related to adsorbent/adsorbate affinity (L.mg -1 ), and Ce is liquid-phase concentration at equilibrium (mg.L -1 ). Fitting all samples with this model enabled the obtention of qmax and b constants for each. These parameters are summarized in Table 3 with two other parameters, the transfer coefficient kads (s -1 ) and the photodegradation apparent kinetic constant αapp (mg.L -1 .s -1 ) , which will respectively be introduced in section 3.3 and 3.4.

Table 3. Adsorption and photocatalytic properties related parameters summary for each composite

As expected, M_TiO2 had the lowest adsorption capacity (Fig. 3), which was almost null even at high caffeine concentration in the liquid phase. Conversely, the adsorption capacity of raw unmilled AC was plotted as a reference and exhibited the highest adsorption capacity, characterized by a high coefficient slope at low equilibrium concentration (i.e. 0-50 mg.L -1 ) and a saturation plateau at higher concentrations for which adsorbed caffeine amount was around 395 mg.g -1 . As expected, all other powder adsorption curves were midway between raw AC Adsorption capacity decreased from raw unmilled AC down to the milled AC for which both slope and saturation plateau were lower than the unmilled powder. Indeed, the saturation plateau for the M_AC isotherm corresponds to an adsorbed caffeine quantity of 246.6 mg.g -1 , which represents 60% of the amount of the unmilled AC plateau. This difference is related to the mechanical milling process which altered part of the AC adsorption capacity by degrading part of its porous structure. This assumption was verified through nitrogen adsorption isotherm at 77 K on both milled and unmilled AC. This test revealed that unmilled AC BET surface area and micropore area were respectively as high as 1742 m²/g and 767 m²/g and falls to 1022 m²/g and 619 m²/g when the AC was milled. This assertion is also consistent with what was observed for dry-milled AC in previous works [START_REF] Pan | Superiority of wet-milled over drymilled superfine powdered activated carbon for adsorptive 2-methylisoborneol removal[END_REF].

J o u r n a l P r e -p r o o f

AC/TiO2 composites presented adsorption capacity profiles situated between the two pure component curves. If extracted composite constant qmax are compared against M_AC as a reference sample, the maximum adsorbed amount represents around 92% of the reference sample for the 75_AC/TiO2 composite. This maximum capacity decreases with increasing TiO2 content in the composite, reaching a relative value as low as 1% of the sample reference for the 1_AC/TiO2 powder. As expected, the maximum adsorbed quantity qmax is mainly dependent on AC amount in the composite. However, it can be pointed out that the proportionality factor is not fully respected along composition, suggesting that the synthesis history was different on each composite. The extracted Langmuir constant, b, for all samples was relatively low (Table 3) and consistent with a low binding energy of AC with caffeine [START_REF] Goldstein | Scanning Electron Microscopy and X-Ray Microanalysis[END_REF], and more generally with the physical and thus reversible adsorptive behavior of an AC/adsorbate pair when b is low [START_REF] Jonge | Reversibility of adsorption of aromatic compounds onto powdered activated carbon (PAC)[END_REF].

Sorption rate

The sorption process can be described as a transfer of adsorbate molecules from liquid phase to solid phase. Sorption kinetics thus describe the kinetics of adsorbate transfer from the solution to the adsorbent surface, which is dependent on the adsorbent/adsorbate affinity characterized earlier, and is also limited by two phenomena: (i) diffusion occurring in the liquid layer at the adsorbent/water interface, and (ii) intraparticle mass transfer. The aim was then to study the effect of composition on the transfer kinetics of AC/TiO2 composites. Sorption transfer kinetics were assessed following almost the same routine as that used to compute sorption capacity, the only difference in the protocol being that the time-course of the adsorption mechanism was tracked by analyzing caffeine concentration at regular intervals until equilibrium was reached. For each composite sample, the same liquid phase equilibrium (Ceq =200 mg.L -1 ) was reached by selecting the adequate initial caffeine concentration according to each material isotherm. These initial concentrations are then in the range 205-600 mg.L -1 . For each analyzed powder, 6 adsorption experiments were made with the same selected initial concentration. The time measure started when the sample was put in the solution. Caffeine concentration analysis was performed only once at the end of each of the adsorption experiments, which were stopped at different times, i.e.: 1, 5, 30, 60, 120, and 180 min. Thus, adequate precision and repeatability was achieved, as it is well-known that making many solutions and only taking one sample on each prevents the risk of creating the large analytical J o u r n a l P r e -p r o o f biases (by withdrawing solution volume and/or adsorbent material throughout the experiment) that can appear while repeatedly taking samples from the same one solution.

The linear driving force (LDF) model for adsorption kinetics considers the two phenomena that limit adsorption, i.e. diffusion at the solid/liquid interface and intraparticle transfers. This formalism is commonly used to describe microporous adsorbent transfer kinetics [START_REF] Goetz | Hybridation between heterogeneous photocatalysis and adsorption[END_REF][START_REF] Sicar | Why does the linear driving force model for adsorption kinetics work?[END_REF][START_REF] Goetz | Modeling aqueous heterogeneous photocatalytic degradation of organic pollutants with immobilized TiO2[END_REF][START_REF] Joly | Linear driving force models for dynamic adsorption of volatile organic compound traces by porous adsorbent beds[END_REF].

Under this model, the adsorbate balance between liquid phase and solid phase is expressed with the following equation (3) :

) ( t e ads t q q k dt dq   (3)
where kads is the transfer coefficient (s -1 ), qe is the amount of adsorbate adsorbed at equilibrium (mg.g -1 ), and qt is the amount of caffeine adsorbed at time t (mg.g -1 ). By solving this equation (eq. ( 3)) a concentration profile in the liquid and solid phases can be obtain over time as well as the kads constant. All sample concentration profiles on the composites were reported over time (Fig. 4).

As expected, pure M_AC and M_TiO2 exhibited opposite behaviors in terms of adsorption kinetics: maximal adsorption capacity and transfer kinetics constants were obtained for M_AC J o u r n a l P r e -p r o o f whereas the lowest adsorbed amount and transfer speeds observed across all the samples studied were for M_TiO2. Indeed, the transfer coefficient was extremely low as 0.4 × 10 -4 s -1 for M_TiO2 while the constant computed for M_AC was almost 100 times higher (34.29 × 10 -4 s - 1 ) (Table 3). Note that caffeine adsorption occurred faster for AC/TiO2 composites than for M_TiO2 but still slower than for M_AC powder. Note too that the transfer kinetic constants for composite samples increased with increasing carbon content, but this trend was not directly proportional to AC/TiO2 composition: indeed, the kinetic constant computed for 15_AC/TiO2 composite was 16.6 × 10 -4 s -1 , which is almost half of the value computed for 75_AC/TiO2 (32.1 × 10 -4 s -1 ) whereas 75_AC/TiO2 has five times more AC. Anyway, whatever the composition, the simple LDF model made it possible to have a rather good estimation of the sorption kinetic.

Photodegradation kinetics

The relative caffeine concentration plot was built from the photodegradation phase (Fig. 5.A) to focus on the photocatalytic activity of each sample (Fig. 5.B.), where C0 refers to the caffeine concentration at equilibrium after adsorption. M_TiO2 exhibited the best photodegradative behavior against caffeine whereas M_AC had, as expected, no photocatalytic activities. Regarding composite responses, composite photocatalytic activity increased with decreasing AC contents. Note too that for all powders, the change in caffeine concentration looks constant over time. This trend is in good agreement with experimental conditions free from diffusion by mass transfer where the reaction rate is maximum [START_REF] Herrmann | Heterogeneous photocatalysis: fundamentals and applications to the removal of various types of aqueous pollutants[END_REF]. The linear time-course curve of caffeine concentration can be described using a zero-order kinetic model described by equation ( 4 where Ct is caffeine concentration in the solution at time t (mg.L -1 ), and αapp is the apparent photodegradation kinetic constant (mg.L -1 .s -1 ).
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The zero-order kinetic law fits well with experimental results (Fig. 5.B). Apparent photodegradation constants were extracted for each powder and reported in Table 3. The maximum photodegradation constant value obtained for M_TiO2 was 14.1 ×10 -3 mg.L -1 .s -1 whereas M_AC had a null αapp value. Regarding composite responses, composite photocatalytic activity decreased with increasing AC contents. As seen earlier, the photo-oxidative properties of the composites did not evolve linearly with composition. Indeed, the apparent photodegradation constant for 75_AC/TiO2, 30_AC/TiO2 and 15_AC/TiO2 were in the range 0.73-3.91 ×10 -3 mg.L -1 .s -1 which is 3 to 5 times lower than the constant measured for M_TiO2.

The two composites with higher TiO2 contents, i.e. 5_AC/TiO2 and 1_AC/TiO2, showed much better photocatalytic degradation capacity. The αapp constant of 5_AC/TiO2 and 1_AC/TiO2 were consistent with this observation, at 6.41 and 8.91×10 -3 mg.L -1 .s -1 for 5_AC/TiO2 and 1_AC/TiO2 , respectively. Note that the highest composite constant value was almost half of the value obtained for M_TiO2. Thus, adding a small amount of AC with TiO2 for mechanical milling partially inhibited the photocatalyst's degradation capacity.

Properties correlation

This section sets out to understand the phenomena involved and define how far composition shapes the functional properties of the composites, i.e. photo-oxidation rate, and sorption properties (isotherm and rate) for a solar photo-oxidation application.

In the context of a photo-oxidation treatment application, it is necessary to define the properties according to the constraints and uses imposed. Here, mechanical milling makes it possible to modify the composition of AC/TiO2 composites in order to modulate their functional properties. These functional properties, previously determined for different AC/TiO2 compositions, are shown in Figure 6 according to the mass ratio of AC. The parameters qmax and b are characteristic of the adsorbent properties of composites [START_REF] Vasanth Kumar | Langmuir-Hinshelwood kinetics -A theoretical study[END_REF].

J o u r n a l P r e -p r o o f

As expected, the maximum amount adsorbed, i.e. qmax derived from eq. ( 2), varies drastically according to composition in the field studied. While this characteristic is close to zero for the catalyst alone, it increases when increasing AC ratio, reaching a maximum value with pure AC.

As shown in Figure 6, the mechanical milling process alters the adsorbent properties of the AC within the composite, but this alteration does not seem to be correlated to composition. In other words, the presence of TiO2 in the composite does not limit the accessibility of molecules to the microporous network of AC, regardless of the materials composition. As shown by results reported in Figures 3 and6, this implies that the adsorption capacity depends mostly on the amount of AC in the composite.

The coefficient kads, determined by eq. ( 3), reflects the rate of transfer of molecules from liquid to adsorbed phase, in this case from the solution to the catalyst pore surface. The variation of this coefficient, as reported in Figure 6 as a function of composition, highlights two points.

First of all, the transfer rate is highly dependent on the nature of the selected material [START_REF] Chekem | Effective coupling of phenol adsorption and photodegradation at the surface of micro and mesoporous TiO2 activated carbon[END_REF][START_REF] Chekem | Modeling of adsorption/photodegradation phenomena on AC-TiO2 composites catalyst for water detoxification[END_REF]. Indeed, the kads coefficient was more than 10 times higher for M_AC than for catalyst (Table 3). The higher adsorption kinetic of M_AC is explained by the microporous network developed J o u r n a l P r e -p r o o f by the material which generates a very high adsorption capacity (qmax=300mg/g). It is likely that its adsorption capacity induces a high concentration gradient at the solution/composite interface, and is thus the driving force behind the material transfer. In comparison, the catalyst alone has a particularly low transfer coefficient. This second observation is tied to the fact that the coefficient does not vary linearly according to composition. Whatever the composition, it was higher than the average value weighted by AC composition. It should be kept in mind that qmax variation with composition highlighted that TiO2 does not block the adsorption on AC within the composite structure. However, the observation of the change in Langmuir affinity constant b among composition shows that it has its highest value for catalyst alone and decreases while AC amount is increased, allowing the assertion that caffeine molecule has a better affinity with TiO2 than with AC. These two observations led to the correlation of the kads kinetic constant change with composition to these properties, asserting that the TiO2, having a better affinity with caffeine molecules, is slowering the transfer mechanism from the solution to the AC adsorption sites within the composites. Thus, correlating these adsorption properties all together highlight that no synergy is observed between the catalyst and the adsorbent from an adsorption perspective.

Focusing on the effect of composition on oxidative kinetics, note that the behavior of composites highlights two factors. At low AC wt.%, the oxidative kinetic decreases significantly up to the 30_AC/TiO2 composite but then shows less marked variation at higher compositions. For comparison, the photo-oxidation constant, αapp, decreases by a factor of 3 in the 30-75 AC wt.% range but decreases by a factor of 7 in the 0 to 30 AC wt.% range (Table 3). The presence of AC, even in small quantities, strongly degrades the catalytic properties of the composites: inserting just 1% carbon by mass induces a 50% loss of photodegradation kinetic. It is possible that the presence of even small quantities of carbon on composite surface significantly modifies its optical properties. Indeed, the optical properties of carbon make it particularly absorbent and poorly reflective over the spectral range considered [START_REF] Mubeen | Alteration of the electronic structure and the optical properties of graphitic carbon nitride by metal ion doping[END_REF][START_REF] Russo | Optical properties of organic carbon and soot produced in an inverse diffusion flame[END_REF]. The consequence is a direct loss in terms of photons available to activate the photo-excitation mechanism on the catalyst surface. This phenomenon engages a cascading effect that limits the production of radical species and therefore reduces the oxidative kinetic of the in-composite catalyst.

These patterns, which reveal a non-linear evolution of the functional properties of composites as a function of composition, are well-established specificities of granular materials [START_REF] Fournier | Fractal analysis of percolation network in epoxy -polypyrrole composites[END_REF][START_REF] Kirkpatrick | Percolation and conduction[END_REF][START_REF] Holman | The effect of varying the composition of binary powder mixtures and compacts on their properties: a percolation phenomenon[END_REF]. By highlighting the non-linearity of the properties and behavior of granular materials, J o u r n a l P r e -p r o o f these studies revealed ruptures in singular compositions called 'percolation thresholds' [START_REF] Kirkpatrick | Percolation and conduction[END_REF].

For example, the optical and electrical properties of grain mixtures (insulator/conductor) show non-linear changes in singular composites 30_AC/TiO2 and 75_AC/TiO2 [START_REF] Malliaris | Influence of particle size on the electrical resistivity of compacted mixtures of polymeric and metallic powders[END_REF][START_REF] Plantard | Radiative and electrical properties of granular materials: Application to mixtures of insulating and conducting polymers[END_REF]. On the domains delimited by these points, the properties are either stable or vary linearly. These particularities are explained by key characteristics of granular materials such as size, grain size distribution and size ratio and/or key properties of the entities making up the granular composite, such as optical, electrical, radiative and mechanical characteristics [START_REF] Malliaris | Influence of particle size on the electrical resistivity of compacted mixtures of polymeric and metallic powders[END_REF][START_REF] Plantard | Radiative and electrical properties of granular materials: Application to mixtures of insulating and conducting polymers[END_REF].

Photocatalytic efficiency

In the field of advanced oxidation processes, the performance of photocatalytic materials is evaluated by rate or kinetic of photodegradation [START_REF] Herrmann | Solar photocatalytic degradation of 4-chlorophenol using the synergistic effect between titania and activated carbon in aqueous suspension[END_REF][START_REF] Carp | Photoinduced reactivity of titanium dioxide[END_REF][START_REF] Guillard | Solar efficiency of a new deposited titania photocatalyst: chlorophenol, pesticide and dye removal applications[END_REF]. Many authors have used radical formation as a reference measurement for photocatalytic activity, but these approaches are dependent on the operating conditions (pH, water composition) and the conditions applied (flow density, concentration) [START_REF] Emeline | Factors affecting the efficiency of a photocatalysed process in aqueous metal-oxide dispersions Prospect of distinguishing between two kinetic models[END_REF]. To assess the photocatalytic performance of a system for comparison independently of experimental conditions, photochemists have introduced the concept of photonic efficiency. Photonic efficiency is a yield defined by the number of radicals produced per absorbed photon and characterized by the primary photoelectric excitation mechanism initiated by a perfectly homogeneously-solubilized catalyst in solution [START_REF] Davydov | Quantification of the primary processes in aqueous heterogeneous photocatalysis using single-stage oxidation reactions[END_REF]. But in polyphasic systems, as is the case with heterogeneous photocatalysis, photonic efficiency does not consider the phenomenon of radiative and mass transfers at the interfaces of liquid and solid phases [START_REF] Brandi | Absolute quantum yields in photocatalytic slurry reactors[END_REF][START_REF] Cassano | Photoreactor analysis and design: Fundamentals and applications[END_REF]. Serpone et al. therefore introduced photocatalytic efficiency, η, to evaluate the capacity of photocatalysts in solid form, where η is number of molecules photo-converted per unit volume of solution divided by the number of photons absorbed on the surface of the catalyst [START_REF] Brandi | Absolute quantum yields in photocatalytic slurry reactors[END_REF][START_REF] Martin | Photocatalytic reactors II quantum efficiencies allowing for scattering effects. An experimental approximation[END_REF][START_REF] Serpone | Relative photonic efficiencies and quantum yields in heterogeous photocatalysis[END_REF][START_REF] Serpone | Terminology, relative photonic efficiencies and quantum yields in heterogeneous photocatalysis. part i: suggested protocol international union of pure and applied chemistry organic chemistry division commission on photochemistry[END_REF]:

    2 1 0 ) ( . .    t A dt t I S Ct V N (5)
where Ct is concentration of the molecules at a time t, V is volume of the cell (m³), NA is Avogadro number (mol -1 ), S is irradiated surface (m²), I is flux density of photons (photon number.m -2 .s -1 ), λ1 and λ2 are the limits of the spectral emission range of the incident source, i.e. 360 and 380 nm respectively.
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For this study, the photocatalytic efficiency of composites prepared at different AC/catalyst compositions was determined. Number of photo-converted molecules was derived from experimental measurements of variation in caffeine concentration as a function of irradiation time. Thus, potential byproducts resulting from caffeine degradation were there neglected. Number of photons was calculated from the characteristics of the lamp emitting the UV radiation, i.e. its spectral distribution, its spectral range, and duration of the irradiation. These conditions, which were established in previous work, made it possible to assess the flux density of photons [START_REF] Plantard | Kinetic and efficiency of TiO2-coated on foam or tissue and TiO2-suspension in a photocatalytic reactor applied to the degradation of the 2,4-Diclorophenol[END_REF][START_REF] Plantard | Correlations between optical, specific surface and photocatalytic properties of media integrated in a photo-reactor[END_REF]. These quantities are shown in Figure 7a on the x-axis and y-axis, respectively. 
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The data for each composite was linearly fitted by a straight line that passes through the origin and whose slope gives the photocatalytic efficiency of the composite concerned (eq. ( 5)).

The highest efficiency, which reached 0.6%, was found for the catalyst alone, and was of the same order of magnitude as that obtained in the literature for TiO2 suspensions in nanometric and micrometric powder forms [START_REF] Plantard | Kinetic and efficiency of TiO2-coated on foam or tissue and TiO2-suspension in a photocatalytic reactor applied to the degradation of the 2,4-Diclorophenol[END_REF][START_REF] Plantard | Correlations between optical, specific surface and photocatalytic properties of media integrated in a photo-reactor[END_REF][START_REF] Elatmani | Innovative photocatalytic media optimized for solar-powered remediation: application to pyrimethanil[END_REF][START_REF] Marugan | Photonic efficiency for methanol photooxydation and hydroxyl radical generation on silicasupported TiO2 photocatalysts[END_REF]. For the composites, photocatalytic efficiency decreased as the proportion of carbon increased, from pure catalyst down to pure AC which has zero photocatalytic activity. Photocatalytic efficiency varied from 0.4% for the 1% carbon composite (1_AC/TiO2) to less than 0.04% for a predominantly carbon composite (75_AC/TiO2). By studying these composites under particular conditions, i.e. at very high concentrations of target molecules so that the mass transfer is not limiting, the obtained results focused on the photocatalytic kinetic of composites by emerging the effect of composition independently of the other parameters. The advantage of this approach was to be able to scan the entire composition spectrum while using the same method and maintaining the same composite preparation conditions.

The efficiencies reported in Figure 7a are expressed as a function of number of photons absorbed by the composite without discriminating between the photons absorbed by the ACand therefore lost for photo-excitation-and those reaching the catalyst surface that could potentially initiate the photo-excitation mechanism. To assess and compare the efficiency of the catalyst, whether alone or within the composite, it is proposed to consider only the proportion of photons absorbed by the catalyst, i.e. photons that are potentially effective for the production of radicals. Figure 7b thus charts the number of photo-converted as a function of number of effective photons, which is there assumed to correspond to the number of incident photons multiplied by the catalyst volume fraction of the composite. This representation, although simplifying the light management within the suspension, allowed to highlight two points. On one hand, the catalyst alone develops the greatest efficiency, thus emphasizing that TiO2 used as a pure compound is more efficient than TiO2 within a composite. In other words, the presence of AC in the catalyst environment limits its photocatalytic kinetic. Contrary to reports in the literature, this result tends to prove that there is no synergy related to the coupling of AC with a catalyst. Indeed, some studies suggest that the concentration of molecules on an adsorbent near the catalyst intensifies the photocatalytic kinetic of the catalyst [START_REF] Mohamed | Removal of organic compounds from water by adsorption and photocatalytic oxidation[END_REF][START_REF] Zhang | Enhancing the concentration of TiO2 photocatalyst on the external surface of activated carbon by MOCVD[END_REF][START_REF] Baransi | Synergetic effect between photocatalytic degradation and adsorption processes on the removal of phenolic compounds from olive mill wastewater[END_REF].

Other studies indicate that AC promotes the transfer of molecules to the catalyst surface. Under these conditions, the diffusion of in-solution molecules towards the catalyst surface is no longer limiting, and so the photo-degradation rate is increased [17, 28 -29, 31-33]. The second reason J o u r n a l P r e -p r o o f this representation is informative is that the composites all develop the same efficiency, which tends towards 0.04%, regardless of their AC fraction, In other words, the intrinsic photocatalytic efficiency of TiO2 does not appear to be altered or intensified by variation in the amount of AC in its close environment. This implies that the mechanisms of photo-excitation and radical production in the composite-integrated catalyst are independent of the AC fraction.
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Conclusion

Mechanical milling was chosen as a novel method for preparing AC adsorbents associated with TiO2 photocatalysts. Using this method, composites covering the entire range of possible compositions were successfully synthesized, using the same unique one-step onepot protocol, varying only the composition of the initial mix of AC and TiO2. The morphological study led to highlight that mechanical milling is a suitable approach to combine AC and TiO2 materials within the volume of well-controlled aggregates constituting homogeneous powders, regarding both composition and particles size distribution. Moreover, it was noted that the unique and simple one-step one-pot protocol led to the obtention of powders with the same particle size distribution whatever the composition of the prepared AC/TiO2 material.

The functional properties study, using caffeine as a target pollutant molecule, revealed that the prepared materials possess sorption and photocatalytic properties which varies with AC/TiO2 composition. Each material has an influence on the other one interest property, which then lead to non-linear variation of adsorption and photo-oxidation properties within studied compositions. This effect is an interesting highlight from an application perspective, as it paves the way to selecting the best AC/TiO2 composition for a given target application, for instance (i) high-adsorption-capacity composites for pollutant storage applications and (ii) intermediate adsorption and photocatalytic properties for pollutant storage/filter regeneration applications.

Finally, the need for further rigorous investigations regarding these materials radiative properties was highlighted as it would open the door for a better comprehension of photons path and interactions inside the complex AC/TiO2 composite structure. Comparison with Activated Carbon/TiO2 composites prepared by mechanical milling: 1_AC/TiO2 (-); 5_AC/TiO2 (+); 15_AC/TiO2 (*); 30_AC/TiO2 (▲); 75_AC/TiO2 (♦). 

Figure 1 .

 1 Figure 1. Scanning electron images (SEM-FEG, Hitachi S-4500). Left to right: increasing composite AC percentage as shown on the top. Top to bottom: increasing magnification, as shown on the left.

Figure 2 .

 2 Figure 2. Granulometric analysis of composites powders for different milling time ( i.e. 1h (□) and 10h (■)) and for different AC/TiO 2 compositions : 75_ AC/TiO 2 (A) ; 30_AC/TiO 2 (B) ; 15_AC/TiO 2 (C) ; 5_AC/TiO 2 (D) ; 1_AC/TiO 2 (E).
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  n a l P r e -p r o o f characterized by monolayer adsorption on the material micropores, as confirmed by the type-I shape (IUPAC classification) of its isotherm [18, 43]. Langmuir's isotherm model is represented by the following equation (2):

Figure 3 .

 3 Figure 3. Adsorption isotherms (A) for Caffeine onto RAW Activated Carbon (■), M-AC (•). Comparison with Activated Carbon/TiO 2 composites prepared by mechanical milling: 1_AC/TiO2 (-); 5_AC/TiO2 (+); 15_AC/TiO2 (*); 30_AC/TiO2 (▲); 75_AC/TiO2 (♦).

Figure 4 .

 4 Figure 4. Caffeine adsorption kinetics of milled AC (•), milled TiO 2 (○) and composites powders : 1_AC/TiO 2 (-); 5_AC/TiO 2 (+); 15_AC/TiO 2 (*); 30_AC/TiO 2 (▲); 75_AC/TiO 2 (♦). Dashed lines represent the linear driving force model fitting.

Figure 5 .

 5 Figure 5. Caffeine removal through time: adsorption and photodegradation (A). Experimental photodegradation kinetics were fitted by a zero-order law reported by lines on graph (B) for all samples : Milled-TiO 2 (○) ;1_AC/TiO2 (-) ; 5_AC/TiO2 (+) ; 15_AC/TiO2 (*); 30_AC/TiO2 (▲); 75_AC/TiO2 (♦).
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Figure 6 .

 6 Figure 6. Adsorption and photocatalytic related normalized constants reported as a function of AC content within the AC/TiO 2 composite powders: q max (◊); b (○); k ads (▲) and α app (■).

Figure 7 .

 7 Figure 7. Number of molecules degraded as a function of (i) the number of incident photons on the suspension (A) ; (ii) the number of incident photons on TiO 2 fraction (B). M-AC (•), M-TiO 2 (○) and all composites powders have been reported: 1_AC/TiO2 (-) ; 5_AC/TiO2 (+) ; 15_AC/TiO2 (*); 30_AC/TiO2 (▲) and 75_AC/TiO2 (♦).
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Table 1 .

 1 EDS analysis: mean values of composition and calculated standard deviation for each composite powder.

	Samples	C		O		Ti	
		wt. % Std. Deviation % wt. % Std. Deviation % wt. % Std. Deviation %
	1_AC/TiO2	3.0	2.0	37.7	5.2	59.3	6.6
	5_AC/TiO2	6.5	3.2	37.3	4.7	56.2	5.4
	15_AC/TiO2 14.6	4.5	35.5	5.1	49.9	3.3
	30_AC/TiO2 29.5	3.9	29.4	4.1	41.1	3.4
	75_AC/TiO2 76.1	7.5	9.9	3.9	14.0	5.6

Table 2 .

 2 Granulometric analysis gaussian function fitting parameters for all composite powders.

				Gaussian function parameters					Composite samples
	f	(	x	)		1	e		2 1	    x 	µ	  	2	1_AC/TIO2 5_AC/TIO2 15_AC/TIO2 30_AC/TIO2 75_AC/TIO2
						2								
			Distribution mean µ			3.16	2.79	3.25	3.47	2.90
			Standard deviation σ			1.05	1.00	1.06	0.85	1.04
	Determination coefficient R²	0.99	0.97	0.99	0.97	0.99

Table legends Table 1 .

 legends1 EDS analysis: mean values of composition and calculated standard deviation for each composite powder.

Table 2 .

 2 Granulometric analysis gaussian function fitting parameters for all composite powders.

Table 3 .

 3 Adsorption and photocatalytic properties related parameters summary for each composite powder.
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