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Activated carbon/TiO2 composites are a solution to manage solar discontinuities, especially for continuous wastewater treatment applications. Mechanical milling has recently shown its potential to develop AC/TiO2 composite powders. This work aims to highlight the possibility of controlling and modulating the spatial distribution of the adsorbent and photocatalyst within the composite structure. Here, our objective is to develop composites with core-shell structure where AC core is covered with photocatalyst. Spatial distribution of the component was optimized by modulating the elaboration procedures through mechanical grinding. They lead to the composite structure whose sorption and photocatalytic properties are preserved and identical to those of the constituents alone. Thus, these core-shell composites offer a double functionality : (i) accessibility to adsorption sites of the adsorbent material and (ii) a maximum light harvesting by the photocatalyst.

Introduction

Solar processes such as photooxidation need to address the constraints inherent to the solar resource [START_REF] Miklos | Evaluation of advanced oxidation processes for water and wastewater treatment -A critical review[END_REF][START_REF] Reddy | Recent advances in photocatalytic treatment of pollutants in aqueous media[END_REF], but the fluctuating availability of the solar resource continues to prove a deadlock for these applications [START_REF] Giwa | Recent advanced in advanced oxidation processes for removal of contaminants from water: A comprehensive review[END_REF][START_REF] Malato | Decontamination and disinfection of water by solar photocatalysis: Recent overview and Trends[END_REF]. Candidate materials for such applications need to possess two functional properties, i.e. a photocatalytic activity, provided by a catalyst, and molecule storage, provided by an adsorbent [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 CA-TiO2 composites catalyst for water detoxification[END_REF]. However, few materials have been proposed in the literature. Recent studies have reported the synthesis of adsorbent/photocatalyst materials based on activated carbon (AC) and titanium dioxide (TiO2) that hold promise for managing solar resource fluctuation as the composition of the composites can be firmly controlled using a novel milling-prepared grafting [START_REF] Ribeiro | Activated-Carbon/TiO2 composites preparation: An original grafting by milling approach for solar water treatment applications[END_REF][START_REF] Ribeiro | TiO2 grafted Activated Carbon elaboration by milling: composition effect on sorption and photocatalytic properties[END_REF]. However, these studies clearly highlighted that the photocatalytic efficiency of these composites could be improved by rearranging TiO2 distribution within the structure to promote exposure of the photocatalyst to incident radiation.

Here we investigated the ability to control the composite components spatial distribution through milling-based grafting, focusing on obtaining a core-shell structure where the photocatalyst is the shell and the adsorbent is the core, which is expected to optimize both sorption and photooxidation.

Experimental

Materials

Commercial Aeroperl® TiO2 P25 powder was selected as catalyst for the AC/TiO2 composite. Picahydro SP23 (Pica, France) AC powder was selected as adsorbent material. A Pulverisette 6 (P6) planetary ball mill (Fritsch, Germany) was used to prepare AC/TiO2 composites. The process parameters were pre-optimized as described in our previous study [START_REF] Ribeiro | Activated-Carbon/TiO2 composites preparation: An original grafting by milling approach for solar water treatment applications[END_REF].

A first set of AC/TiO2 composites was prepared with the weight ratio of AC in the final powder set at 1%. For this set, the composite powders were prepared by varying introduction rate of TiO2 into the bowl, with the aim of controlling the AC and TiO2 arrangement in the composite particles. For the first sample, taken as reference sample, both powders are introduced simultaneously at the beginning of the process in order to obtain a composite with an homogeneous volumic distribution of AC and TiO2 [START_REF] Ribeiro | Activated-Carbon/TiO2 composites preparation: An original grafting by milling approach for solar water treatment applications[END_REF]. The stepwise elaboration procedure aims at obtaining a core-shell structure by coating the AC particles with the catalyst. A first set proposes to add TiO2 in two steps, i.e. 50% of the amount of TiO2 at the beginning and 50% after 5h of grinding. In a second set, 20% of the amount of TiO2 was added in five successive steps, i.e. for grinding times of 0h, 2h, 4h, 6h and 8h. The three samples were named according to their AC weight ratio (1%) and the number of TiO2 addition steps (1S, 2S, 5S), i.e., 1S_1%_AC/TiO2, 2S_1%_AC/TiO2 and 5S_1%_AC/TiO2. Three other AC/TiO2 composites were prepared following the same protocols, but with an AC weight ratio fixed at 30%. These samples were therefore named 1S_30%_AC/TiO2, 2S_30%_AC/TiO2 and 5S_30%_AC/ TiO2.

2.2.Test procedures

Scanning electron microscopy (SEM-FEG, Hitachi S-4500) was used to characterize the morphology of each AC/TiO2 composite sample, using a secondary electron detector and a 5kV electron beam at a working distance of 5 mm and at x15 000 magnification. SEM was also used to determine particle size distribution, following an established image processing protocol [START_REF] Ribeiro | Activated-Carbon/TiO2 composites preparation: An original grafting by milling approach for solar water treatment applications[END_REF][START_REF] Ribeiro | TiO2 grafted Activated Carbon elaboration by milling: composition effect on sorption and photocatalytic properties[END_REF].

Adsorption capacity and kinetics were performed with perfectly stirred caffeine solutions (Sigma-Aldrich-USA) in ultrapure water. These experiments are conducted in batch and dark conditions for 3h in order to reach equilibrium [START_REF] Ribeiro | Activated-Carbon/TiO2 composites preparation: An original grafting by milling approach for solar water treatment applications[END_REF][START_REF] Ribeiro | TiO2 grafted Activated Carbon elaboration by milling: composition effect on sorption and photocatalytic properties[END_REF]. The concentration of caffeine in solution was analyzed by ultra-high performance liquid chromatography (UHPLC) coupled with UV. The UHPLC system was an UltiMate 3000 series analyzer equipped with a UV-Vis detector and a Hypersil GOLD C18 column (100 mm × 2.1 mm; particle size: 5 µm). It was programmed in isocratic elution mode with detection at λ = 274 nm, using a 90:10 (v/v) water/acetonitrile mixture at a flow rate of 0.6 mL.min -1 .

The photocatalytic tests were performed in two steps [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 CA-TiO2 composites catalyst for water detoxification[END_REF]. The first step consisted in adsorbing caffeine on the composite in the dark for 3h. This step, leading to caffeine saturation, allows to analyze the photo-degradation process without contribution related to the mass transfer. The second step was the photocatalytic degradation of caffeine for 2h. The specific conditions used for this photocatalytic degradation test are detailed in a previous article [START_REF] Ribeiro | TiO2 grafted Activated Carbon elaboration by milling: composition effect on sorption and photocatalytic properties[END_REF].

Results and discussion

The elabored composites observed on the x15 000-magnification images captured by SEM (Fig. 1) have a near-spherical morphology but very different sizes. The EDS analyses and the SEM pictures confirm that the 1S procedure leads to the elaboration of a composite constituted of AC and TiO2 distributed homogeneously, whereas the stepwise procedure (2S, 5S) allows the elaboration of core-shell structure, privileging the deposition of TIO2 on the surface of AC entities. The particle size characteristics were defined according to a procedure based on the processing of particle pictures obtained by SEM [START_REF] Ribeiro | Activated-Carbon/TiO2 composites preparation: An original grafting by milling approach for solar water treatment applications[END_REF][START_REF] Ribeiro | TiO2 grafted Activated Carbon elaboration by milling: composition effect on sorption and photocatalytic properties[END_REF]. The representative size distributions of each of the elaborated composite powders fit almost perfectly to a Gaussian function, whose parameters are shown in Table 1.

Table 1. Granulometry parameters of each composite powders.

The particle size characteristics are independent of the initial composition of components. For example, the 5S_1%AC/TiO2 and 5S_30%AC/TiO2 samples have a particle size close to 9.5±1.1 microns. For a given elaboration procedure (1S, 2S, 5S), the average particle size and distribution are independent of their composition.

It is possible to obtain particles of comparable morphology and size by modifying the composition.

On the contrary, the elaboration procedure (1S, 2S, 5S) modifies the granulometric characteristics. Indeed, the average diameter of the particles was multiplied by 3 according to whether one or five elaboration steps are applied (Table 1 and Figure 1). The standard deviations of each sample, ranging from 0.85 to 1.19 µm, reflect monodisperse and very narrow size distributions. Mechanical grinding offers the possibility to modulate and control the size of the powders produced while preserving the constituent composition. For a given composition, the adsorption isotherms, characteristic of the adsorbent storage capacity, and the sorption kinetics, characteristic of mass transfer, reported on Figures 2.A and 2.D, present very similar signatures whatever the elaboration procedure (1S, 2S, 5S). These results show that the elaboration of a core-shell structure by mechanical milling does not alteradsorption properties of the AC. The 1S procedure, which leads to the elaboration of a composite made of AC and TiO2 homogeneously distributed in the volume, has the same capacities as the core-shell composites from the stepwise elaboration procedure. Despite these structural differences, the target molecules access the adsorption sites. Thus, whatever the structure, i.e. core-shell (2S, 5S) or homogeneous composite (1S), the sorption capacities of the composite depend only on their composition in AC.

Photocatalytic efficiency is a preferred indicator to compare the performance of materials widely used in the literature [START_REF] Ribeiro | TiO2 grafted Activated Carbon elaboration by milling: composition effect on sorption and photocatalytic properties[END_REF]. A methodology has been developed to obtain the efficiencies reported in figures 2.C and 2.F, exploiting the data of irradiations and photo-converted molecules [START_REF] Ribeiro | TiO2 grafted Activated Carbon elaboration by milling: composition effect on sorption and photocatalytic properties[END_REF]. Due to the presence of AC, the photo degradation capacity depends of the composition. The originality concerns the role of the procedure and thus of the homogeneous or core-shell structure of the composite. Whatever the composition, the efficiency of core-shell composites (5S) is twice higher than the homogeneous one (1S). It is also important to underline that the efficiency of the core-shell structure is identical to that of TiO2. The photocatalytic properties of TiO2 on the surface of the composite are fully preserved. This indicates that the distribution of TiO2 particles on the surface of the AC/TiO2 composite is such that the light coming from the UV source irradiates the photocatalyst as much as if it was used alone.

Thus, core-shell composites offer a double functionality comparable to constituents alone, i.e. sorption properties linked to the presence of AC and not altered because of their distribution in the core of particles, but also photocatalytic properties equivalent to those of the catalyst alone.

Conclusion

Mechanical milling procedures were proposed to create a particulate AC/ TiO2 composite with a core-shell structure where the catalyst is the shell and the adsorbent the core. The properties of the composites were compared to those of the constituents alone but also to a reference composite composed of both constituents homogeneously distributed in the volume. The functional properties, i.e. photocatalytic and sorption capacity, are preserved and comparable to the performances of the constituents alone. Thus, despite its distribution in the core of the composite, sorption capacity is totally preserved. This approach also allowed to optimize the photocatalytic properties of AC/TiO2 with a distribution of the TiO2 catalyst localized at AC surface. This structure allows a maximum use of the incident radiative energy reaching the composite. This results in photocatalytic performances are comparable to those of suspended catalysts alone, which are the reference in the field of catalytic photoreactors.

Figure 1 .

 1 Figure 1. Scanning electron images (SEM-FEG, Hitachi S-4500, x15 000-magnification) of composite samples : 1S_1%_AC/TiO2 (A) ; 2S_1%_AC/TiO2 (B) ; 5S_1%_AC/TiO2 (C) ; 1S_30%_AC/TiO2 (D) ; 2S_30%_AC/TiO2 (E) ; 5S_30%_AC/TiO2 (F).

Figure 2 .

 2 Figure 2. Adsorption isotherms (A,D), adsorption kinetics (B,E) and photocatalytic efficiencies (C,F) of caffeine molecule using the prepared composite samples. Symbols used are as follows : 1S_1%_AC/TiO2 (□); 2S_1%_AC/TiO2 (○); 5S_1%_AC/TiO2 (∆); 1S_30%_AC/TiO2 (■); 2S_30%_AC/TiO2 (•); 5S_30%_AC/TiO2 (▲) and TiO2 (-).
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