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The effect of UV irradiation on titanium dioxide catalyzed glucose conversion in value added molecules was studied at high temperatures, 120-150 °C, in anaerobic conditions. The reaction was implemented in a batch reactor designed to combine high temperature/pressure and irradiation. Inhibition of the titanium dioxide catalytic performances to produce gluconic acid was observed upon UV irradiation which allows the selective formation of levulinic acid in high yield, ~60 % at 150 °C, together with the co-production of ethylene and hydrogen in the gas phase. The formation of levulinic acid provides an indirect proof of the increase of the Brønsted acidity of the reaction medium upon irradiation. The reasons of this phenomenon are discussed considering that UV could modify the electronic properties of titanium dioxide by electron-holes pairs formation and the possible H + promotion.

Hydrothermal process assisted by photocatalysis: towards a novel hybrid mechanism driven glucose valorization to levulinic acid, ethylene and hydrogen 1. Introduction

Bio-based chemicals production from biomass resources has been widely investigated to substitute fossil ressources. 12 biobased molecules have been selected by the US Department of Energy as building blocks or platform chemicals: xylitol, sorbitol, 3hydroxybutyrolactone, glutamic acid, glycerol, itaconic acid, aspartic acid, 3-hydroxy propionic acid, glucaric acid, 2,5-furan dicarboxylic acid, succinic acid and levulinic acid [START_REF] Werpy | Top Value Added Chemicals from Biomass: Volume I-Results of Screening for Potential Candidates from Sugars and Synthesis Gas[END_REF]. Those molecules production has been studied starting from lignocellulosic biomass or from its major components: monosaccharides (glucose, xylose…) under different process conditions (temperature, pressure, solvent, catalyst…).

Levulinic acid is a platform molecule due to its reactive carbonyl and carboxylic groups that allow its transformation into a wide range of chemicals (methyltetrahydrofuran, valerolactone…), fuel additives (Butyl levulinates [START_REF] Démolis | Synthesis and Applications of Alkyl Levulinates[END_REF]), and polymer materials [START_REF] Werpy | Top Value Added Chemicals from Biomass: Volume I-Results of Screening for Potential Candidates from Sugars and Synthesis Gas[END_REF]. Its production is well established at the commercial scale by the Biofine process based on H 2 SO 4 catalyzed carbohydrates dehydration at 190-200 °C [START_REF] Hayes | The Biofine Process-Production of Levulinic Acid, Furfural, and Formic Acid from Lignocellulosic Feedstocks[END_REF]. The process achieves levulinic acid yield of ~50 wt% and formic acid yields of 20 wt% from hexoses. Only strong mineral acid such as H 2 SO 4 or HCl catalyzes efficiently the direct conversion of glucan or glucose into levulinic acid and formic acid while less corrosive solid acid catalysts such as H-ZSM5 present generally a lower activity than H 2 SO 4 [START_REF] Girisuta | Levulinic acid from lignocellulosic biomass[END_REF]. Among the few articles dealing with heterogeneously catalyzed hexoses conversion into levulinic acid [START_REF] Qu | Metal-organic framework containing BrØnsted acidity and Lewis acidity for efficient conversion glucose to levulinic acid[END_REF][START_REF] Liu | Catalytic conversion of carbohydrates to levulinic acid with mesoporous niobium-containing oxides[END_REF], Nb based mesoporous oxide was found to give a relatively high levulinic acid yield, of 64 %, from glucose at 180 °C in 3 h. It is generally accepted that the mechanism of hexoses conversion into levulinic acid proceeds via the well know intermediate, 5-hydroxymethylfurfural (5-HMF) obtained from fructose dehydration by a Brønsted acid catalyzed step [START_REF] De Souza | Essayem, 5-Hydroxymethylfurfural (5-HMF) Production from Hexoses: Limits of Heterogeneous Catalysis in Hydrothermal Conditions and Potential of Concentrated Aqueous Organic Acids as Reactive Solvent System[END_REF] which is further rehydrated over the same type of acid catalyst to form levulinic acid and formic acid [START_REF] Qi | Catalytical conversion of fructose and glucose into 5-hydroxymethylfurfural in hot compressed water by microwave heating[END_REF]. When glucose is used as feedstock, the use of Lewis acid [START_REF] Nakajima | Selective glucose transformation by titania as a heterogeneous Lewis acid catalyst[END_REF] and/or basic catalyst [START_REF] Carraher | Kinetic and Mechanistic Study of Glucose Isomerization Using Homogeneous Organic Brønsted Base Catalysts in Water[END_REF][START_REF] Souza | Glucose-fructose isomerisation promoted by basic hybrid catalysts[END_REF] is often necessary to isomerize first glucose into fructose, fructose being much more rapidly dehydrated into 5-HMF than glucose.

Ethylene is another interesting platform molecule that is a very reactive gas conventionally obtained by cracking petroleum [START_REF] Souza | Glucose-fructose isomerisation promoted by basic hybrid catalysts[END_REF][START_REF]Ethylene Global Supply Demand Analytics Service[END_REF]. It is the most produced organic molecule in the world used in many fields such as for polyethylene (PET) production. But the cracking process is high energy consuming [START_REF]World energy balances[END_REF] and high CO 2 emitter [START_REF]Ethylene Global Supply Demand Analytics Service[END_REF]. So, developing new less energy consuming and less pollutant processes to produce ethylene received significant attention. Ethylene production has been largely studied from ethanol by dehydration in presence of acid catalysts as an alternative for cracking process [START_REF]World energy balances[END_REF][START_REF] Batchu | Ethanol dehydration pathways in H-ZSM-5 : Insights from temporal analysis of products[END_REF][START_REF] Suerz | Application of microreactor technology to dehydration of bio-ethanol[END_REF][START_REF] Alharbi | Dehydration of ethanol over heteropoly acid catalysts in the gas phase[END_REF][START_REF] Fan | Ethylene Formation by Catalytic Dehydration of Ethanol with Industrial Considerations[END_REF]. This transformation is ethylene selective at high temperature [START_REF] Alharbi | Dehydration of ethanol over heteropoly acid catalysts in the gas phase[END_REF]. Ethanol dehydration in gas phase produces almost 100 % ethylene at temperatures higher than 190 °C [START_REF]World energy balances[END_REF][START_REF] Suerz | Application of microreactor technology to dehydration of bio-ethanol[END_REF][START_REF] Alharbi | Dehydration of ethanol over heteropoly acid catalysts in the gas phase[END_REF][START_REF] Fan | Ethylene Formation by Catalytic Dehydration of Ethanol with Industrial Considerations[END_REF]. For example, Chen et al. achieved a selectivity of 100 % in ethylene in presence of TiO 2 /Al 2 O 3 , only at temperatures higher than 440 °C [START_REF] Chen | Catalytic dehydration of bioethanol to ethylene over TiO2/g-Al2O3 catalysts in microchannel reactors[END_REF] or at lower temperatures, ~300 °C over H-ZSM-5 [START_REF] Jacobs | Procédé d'obtention d'éthylène à partir d'éthanol[END_REF]. Ethylene was also obtained by photocatalytic degradation, at ambient temperature, of acetic and propionic acids but in very low quantities [START_REF] Betts | Understanding the photocatalytic degradation by P25 TiO2 of acetic acid and propionic acid in the pursuit of alkane production[END_REF]. Photocatalysis is a low energy consuming process. In fact, it is generally conducted under ambient temperature and atmospheric pressure to mineralize pollutants [START_REF] Jacobs | Procédé d'obtention d'éthylène à partir d'éthanol[END_REF][START_REF] Betts | Understanding the photocatalytic degradation by P25 TiO2 of acetic acid and propionic acid in the pursuit of alkane production[END_REF] and more recently to produce hydrogen from biomass [START_REF] Ambigadevi | Recent developments in photocatalytic remediation of textile effluent using semiconductor based nanostructured catalyst: A review[END_REF][START_REF] Helali | Kinetics of the photocatalytic degradation of methylamine: Influence of pH and UV-A/UV-B radiant fluxes[END_REF].

Hydrogen has been attracting attention as energy vector. Actually, it is mostly produced from fossil resources (coal, oil and natural gas) with CO 2 as by-product [START_REF] De O. Melo | Photocatalytic production of hydrogen: an innovative use for biomass derivatives[END_REF][START_REF] Bahruji | Sustainable H2 gas production by photocatalysis[END_REF]. Because of environmental concerns and fossil resources depletion, many efforts have been made to produce hydrogen by low carbon emitter processes for energy use (mobility…). In this context, due to its low energy consumption, photocatalysis appears as a promising process to produce hydrogen from a variety of substrates such as alcohols [START_REF] Bahruji | Sustainable H2 gas production by photocatalysis[END_REF] and biomass derivates (cellulose, carbohydrates) [START_REF] De O. Melo | Photocatalytic production of hydrogen: an innovative use for biomass derivatives[END_REF][START_REF] Zhao | Coproduction of hydrogen and lactic acid from glucose photocatalysis on band-engineered Zn1-xCdxS homojunction[END_REF][START_REF] Zhang | Enhanced H2 evolution from photocatalytic cellulose conversion based on graphitic carbon layers on TiO2/NiOx[END_REF][START_REF] Zhou | Highly selective photocatalytic oxidation of biomass-derived chemicals to carboxyl compounds over Au/TiO2[END_REF][START_REF] Bellardita | Photocatalytic formation of H2 and value-added chemicals in aqueous glucose (Pt)-TiO2 suspension[END_REF] in presence of different photocatalysts. The most used photocatalysts are based on noble metals (Au, Pt, Pd…) supported on titanium dioxide [START_REF] De O. Melo | Photocatalytic production of hydrogen: an innovative use for biomass derivatives[END_REF][START_REF] Zhou | Highly selective photocatalytic oxidation of biomass-derived chemicals to carboxyl compounds over Au/TiO2[END_REF][START_REF] Bellardita | Photocatalytic formation of H2 and value-added chemicals in aqueous glucose (Pt)-TiO2 suspension[END_REF]. Thus, in this work, the production of those two platform molecules (levulinic acid and ethylene) together with hydrogen was studied from glucose in presence of commercial titanium dioxide catalysts (TiO 2 ) by an innovative process. This novel process consists in the combination of hydrothermal and photocatalytic processes. Combined and separated processes were compared to show the combination contribution. They were performed in the same reactor and under the same conditions of atmosphere, pressure, volume, stirring and glucose-catalyst concentrations.

Materials and methods

Materials

Glucose was purchased from Merck and all the chemicals used for the calibration with HPLC were purchased from Aldrich.

For this study, two commercial titanium dioxide catalysts were used: a pure anatase (UV100: 300 m².g -1 ) from Sachtleben Chemie and a pure rutile (Rut160: 175 m².g -1 ) from Nanostructured and Amorphous Materials Incorporation. Rut160 was pretreated for 20 h at 400 °C under air before use to remove carbon pollution. Rut160 also contains Si (5 wt%).

Glucose valorization

Glucose valorization was studied by hydrothermal and photocatalytic combined process and by each separated one in the same reactor. The reactor is a stainless-steel autoclave equipped with a glass window in its bottom allowing to work under irradiation, high temperature and pressure (Figure 1). All reactions were conducted in the presence of 0.5 g/L of glucose aqueous solution, with a weight ratio Glucose/Catalyst of 1 and under 15 bar of argon and the mixture was mechanically stirred at 500 rpm. Only temperature and irradiation varied: i) hydrothermal reactions were conducted at 120 or 150 °C without irradiation, ii) photocatalytic reactions were conducted at ambient temperature and under UV irradiation (PLL-lamp: 18 W, 365 nm and 6.2 mW.cm -²) and iii) hydrothermal reactions assisted by photocatalysis were conducted at 120 or 150 °C and under the same UV irradiation than photocatalytic reactions.

The reactions are started as follows: first water and TiO 2 are placed in the autoclave and brought to the reaction temperature, then the adequate glucose amount was introduced (solubilized in few mL of water) and UV irradiation started immediately if necessary, this is the zero time of the reaction.

Glucose conversion (%) and products yields (%C) are calculated as follows:

Conversion (%) = (Glucose consumed)/(initial Glucose)*100 Product i Yield (%C) = (Product i molar concentration)/(Glucose initial molar concentration)*(Product i carbon number )/6*100 

Analytical procedures

High-Performance Liquid Chromatography (HPLC)

During the glucose transformation reactions, the glucose and the products in aqueous phase, were quantified by HPLC Shimadzu Prominence system equipped with a refractive index detector (RID), a photometric diode array detector (PDAD) and the products separation was done with a COREGEL 107H column maintained at 40 °C. The mobile phase is acidified water (H 2 SO 4 1.7 mM). The RID was used to detect the monosaccharides, the aldehydes and the ketones. While the PDAD was used to detect the carboxylic acids and furanic compounds at 210 nm (Fig. S1) [START_REF] Abdouli | Comparison of hydrothermal and photocatalytic conversion of glucose with commercial TiO2: Superficial properties-activities relationships[END_REF]. Butyric acid was used as internal standard.

Gas chromatography with mass spectrometry detector (GC-MS)

The identification of some products was done by analysing pure standards aqueous solutions diluted in acetonitrile (20:80v/v) with GC-MS in particular to check the formation of levulinic acid (Fig. S2). A Shimadzu GC-2010 Plus equipped with a mass spectrometer detector (QP2010 SE), a capillary column (SLB-5ms, L × I.D. 30 m × 0.25 mm, df 0.25 μ) and a splitless injection system was used. Injection temperature was 280 °C. The flow of carrier gas (helium) through the column was 1.8 mL/min and the head pressure on the column was maintained at 101kPa. Temperature program was as follows: 40 °C hold for 5 min, 20 °C.min -1 to 70 °C, hold for 5 min, 20 °C.min -1 to 100 °C, hold for 5 min, 20 °C.min -1 to 120 °C, hold for 10 min, 20 °C.min -1 to 150 °C, hold for 10 min, of 20 °C.min -1 to 200 °C, hold for 10 min. And mass spectrometer was set as follows: ion source temperature at 200 °C and voltage relative to the tuning result of 0.2 kV.

Total organic carbon

To determine the carbon balance in liquid phase at the end of the reaction, a Shimadzu TOC-VSCH total organic carbon (TOC) was used to quantify the total mass of carbon in the liquid phase (residual glucose and products). It consisted in the mineralization of the organic compounds at 720 °C catalyzed by Pt/Al 2 O 3 into CO 2 that was then quantified by IR detector. The carbon balance was then calculated by dividing the TOC measured at the end of reaction (final TOC) by the initial TOC [START_REF] Abdouli | Comparison of hydrothermal and photocatalytic conversion of glucose with commercial TiO2: Superficial properties-activities relationships[END_REF].

C balance (%) = final TOC/initial TOC*100

Gas phase analysis

Gas phase analysis was performed using a Clarus 590 gas phase chromatogram (Perkin Elmer). The gas products are first separated with a PoraPlot Q column (25m x 0.53mm x 20µm df -Agilent J&W Technologies). The flow is then divided and directed in parallel to two detectors: on one side a Polyarc (R) system (Activated Research Company) (293 °C, air flow of 2.5 ml/min and H 2 flow of 35mL/min) coupled to a flame ionization detector (FID), on the other side to an automated selection valve feeding an RT-Msieve5A molecular sieve type column (30m x 0.32mm x 30µm df -Restek) and a pulsed discharge helium ionization detector (PDHID) (VICI). The lighter compounds (H 2 , Ar, O 2 , N 2 , CH 4 , CO) are sent over the molecular sieve, and the rest of the flow goes to the vent. The Polyarc system is formed by two successive catalytic beds to oxidize the organic analytes (C 2 H 4 …) to CO 2 before reducing them to CH 4 and detected by FID. The initial oven temperature was 50 °C, increasing by 20 °C.min -1 to 150 °C after which the temperature was held until the end of analysis. The injection port temperature was 150 °C and FID and PDHID temperature were 250 °C. And for FID, air and H 2 flows were 450 and 10 mL.min -1 , respectively.

Results and discussion

Physico-chemical properties of the commercial TiO2

The physico-chemical properties of the commercial TiO 2 , UV100 and Rut160, were investigated elsewhere [START_REF] Abdouli | Comparison of hydrothermal and photocatalytic conversion of glucose with commercial TiO2: Superficial properties-activities relationships[END_REF]. They are recalled in Table 1. 

UV100

Rut160 [a] Crystalline phase [b] Anatase Rutile

Crystallite size [b] (nm) 7.5 8.5 To summarize, UV100 has a pure anatase phase and Rut160 only the rutile one. The BET surface area of UV100 is almost twice that of Rut160. The capacity of glucose adsorption in aqueous phase of UV100 is also twice that of Rut160 and was previously correlated to its higher Lewis acid sites density [31] . As regards to their acid-base properties, pyridine adsorption monitored by FTIR has detected only Lewis acid sites [START_REF] Abdouli | Comparison of hydrothermal and photocatalytic conversion of glucose with commercial TiO2: Superficial properties-activities relationships[END_REF], besides NH 3 and CO 2 adsorption monitored by calorimetry has shown that Rut160 has a more basic surface than UV100 with basic/acid sites ratios equal to 0.17 and 0.13, respectively.

Glucose adsorption capacity

Comparison of combined processes to separated ones

Anatase (UV100) and rutile (Rut160) catalytic activity

The performance of hydrothermal process assisted by photocatalysis (120 °C) was compared to pure hydrothermal (120 °C) and pure photocatalytic (ambient T) processes for glucose transformation. The kinetic of glucose conversion by hydrothermal process assisted by photocatalysis at 120 °C, in presence of UV100 (anatase) (Figure 2.A) and Rut160 (rutile) (Figure 2.B), followed the same trend as the UV free hydrothermal process performed also at 120 °C, with very close initial rates of glucose disappearance and the complete glucose conversion after 24 h of reaction. This is more efficient than the photocatalytic process, performed at ambient temperature, with a glucose conversion below 20 % and 10 % after 24 h over UV100 and Rut160, respectively. Conditions: P=15 bar of Ar, [glucose]=[TiO2]=0.5 g.L -1 , T=120 °C and UV free for hydrothermal process, ambient temperature and UV irradiation for photocatalytic process, 120 °C and UV irradiation for hydrothermal process assisted by photocatalysis.

Even if the rate of glucose conversion was similar by the combined process and by the hydrothermal one, the nature of the major product and their evolution in liquid phase with glucose conversion were different as shown in Figure 3 for UV100 or Figure 4 for Rut160, but no new product was observed. The observed products were: fructose, arabinose, erythrose, dihydroxyacetone, 5-HMF and several carboxylic acids: gluconic, formic, glycolic, lactic, acetic and levulinic acids. In our previous work, the same products were observed from glucose transformation in the hydrothermal or photocatalytic processes performed under air in presence of UV100 and Rut160 [START_REF] Abdouli | Comparison of hydrothermal and photocatalytic conversion of glucose with commercial TiO2: Superficial properties-activities relationships[END_REF]. Since the present studies are performed under Ar atmosphere, using degassed water, this first observation on the same nature of products formed from glucose under Ar or air atmosphere could suggest that molecular oxygen would not be the main source of oxygen for gluconic acid formation. Most likely, water could be the oxygen vector as previously demonstrated for aerobic 5-HMF oxidation into furan dicarboxylic acid (FDCA) using H 2 18 O over TiO 2 supported Au catalyst [START_REF] Davis | On the mechanism of selective oxidation of 5hydroxymethylfurfural to 2,5-furandicarboxylic acid over supported Pt and Au catalysts[END_REF]. This would proceed via a simple hydration of the aldehyde group of glucose catalyzed by the superficial basic sites of TiO 2 (Scheme 1).

Scheme 1: Proposed base catalyzed hydration of the C1 aldehyde group of glucose into gem-diol and its further dehydrogenation into gluconic acid.

Even if UV100 was almost inactive under photocatalytic conditions, at ambient T, because of electron-holes pairs' recombination under inert atmosphere (Ar) (Fig. S3 in supplementary information), assisting hydrothermal process at 120 °C by photocatalysis changed radically the nature of the major product from gluconic acid to levulinic acid (Figure 3). Indeed, under anaerobic condition at 120 °C, under UV free conditions, 30 % yield of gluconic acid was achieved after 24 h with the intermediate formation of fructose up to a maximum yield of 12 %. Upon UV irradiation at 120 °C, levulinic acid becomes the main product, with a yield of 35 % observed after 24 h while the gluconic acid became a minor product after 24 h, at nearly full glucose conversion in both processes. Besides, fructose presents a maximum yield of 12 % at half glucose conversion up to its complete disappearance with the reaction progress. Note that it is well known that equilibrium glucose-fructose is a base or Lewis acid catalyzed step, and both type of sites exist on UV100 and Rut160 TiO 2 . Thus, the evolution of the fructose yield with the course of the reaction could indicate the behavior of an intermediate product but could be simply due to the glucose depletion with time. Moreover, formic and acetic acids were more produced with the combined process and 5-HMF was less produced, in agreement with its likely transformation into levulinic acid. With the hydrothermal process, only 2.5 % yield of formic acid and 2.2 % yield of acetic acid were obtained at conversion of 80 %, while at this conversion level with the hydrothermal process assisted by photocatalysis, 11 % of formic acid and 8 % of acetic acid were obtained. Let us recall that formic acid is co-produced with levulinic acid in the Brønsted acid catalyzed hexoses conversion in levulinic acid [START_REF] Hayes | The Biofine Process-Production of Levulinic Acid, Furfural, and Formic Acid from Lignocellulosic Feedstocks[END_REF]. Carbon balance in presence of UV100 at 24 h, at full glucose transformation, was around 95 % with the UV free hydrothermal process and 80 % with the combined process (Table 2). This difference can be explained by products formation in gas phase in higher quantities by the combined process than the UV free hydrothermal one (Figure 5). CO 2 , CO and H 2 were observed with both processes (Figure 5). Interestingly, ethylene which is a very interesting platform molecule was produced only by the combined process in presence of UV100: µmol (Figure 5). Ethylene results from photocatalytic transformation of acetic acid which is more produced when hydrothermal transformation is assisted by photocatalysis (Figure 3) [START_REF] Betts | Understanding the photocatalytic degradation by P25 TiO2 of acetic acid and propionic acid in the pursuit of alkane production[END_REF]. By contrast to UV100, assisting glucose hydrothermal treatment by photocatalysis didn't change the nature of the main products in presence of Rut160 (Figure 4). However, the products distribution and their total amounts detected by HPLC changed upon UV irradiation.

A very high gluconic acid yield of 70 % was achieved at complete glucose conversion with the UV free hydrothermal process. Such a high yield was unexpected because gluconic acid is a direct glucose oxidative product and the hydrothermal process was conducted under Ar, air being flushed several times before starting the reaction and water being degassed. Gluconic acid yield reached a maximum yield of 7 % at 70 % glucose conversion under air (5 bar) (Fig. S4 in supplementary information) in equivalent temperature conditions, while it reached 45 % under Ar at the same glucose conversion of 70 % (Figure 4). This can be explained by its further oxidation under air. Moreover, Rut160 produced much more gluconic acid than UV100: at 100 % glucose conversion, the gluconic acid yields were respectively 70 and 30 %. In our previous work [START_REF] Abdouli | Comparison of hydrothermal and photocatalytic conversion of glucose with commercial TiO2: Superficial properties-activities relationships[END_REF], we investigated in details the acid base properties of UV100 and Rut160. Rut160 has a more basic surface than UV100 [START_REF] Abdouli | Comparison of hydrothermal and photocatalytic conversion of glucose with commercial TiO2: Superficial properties-activities relationships[END_REF]. More precisely, its Lewis basic/acid sites balance is higher (Table 1). Accordingly, it seems reasonable to propose that in anaerobic and hydrothermal conditions, the superficial basic sites (O 2-) of Rut160, interacting with water, would provide active basic hydroxyl groups which would be very efficient for gluconic acid formation, in other word to promote base catalyzed hydration of the C1-aldehyde group of glucose into a gem-diol and then into gluconic acid as shown in Scheme 1. This proposition is well supported by the role of water disclosed by Davis et al. in the aerobic aldehyde group oxidation of 5-HMF to get FDCA [START_REF] Davis | On the mechanism of selective oxidation of 5hydroxymethylfurfural to 2,5-furandicarboxylic acid over supported Pt and Au catalysts[END_REF]. One can underline that the gluconic acid yield, around 70 %, is of the same order of magnitude than those obtained with supported noble metals (Pt, Pd) used in presence of soluble bases [START_REF] Abbadi | Effect of pH in the Pt-catalyzed oxidation of d-glucose to dgluconic acid[END_REF] or in base free conditions for Au containing bimetallic catalysts [START_REF] Liu | Bimetallic AuPt/TiO2 Catalysts for Direct Oxidation of Glucose and Gluconic Acid to Tartaric Acid in the Presence of Molecular O 2[END_REF][START_REF] Qi | Catalysis and Reactivation of Ordered Mesoporous Carbon-Supported Gold Nanoparticles for the Base-Free Oxidation of Glucose to Gluconic Acid[END_REF]. As regards to the previous metallic catalytic systems, the use of a basic TiO 2 such as Rut160 presents as main advantage to be a noble metal free catalyst, avoiding the use of homogeneous bases and in addition which overcomes the noble metal leaching problems, the main drawbacks of metallic catalysts used in oxidation reactions in hydrothermal conditions.

Upon UV irradiation, at full glucose conversion, the gluconic acid yield was reduced by a half while the levulinic and formic acid yields increased significantly. The products evolution follows the same tendency to that observed over UV100 upon UV irradiation but the extent of the changes is limited: at the reaction end, gluconic acid remains the major product with a yield reduced from 70 % without UV down to 30 % with UV and the levulinic acid yield achieved ~15 % after 24 h. Moreover, over Rut160, one can observe that the sum of the products' yields detected by HPLC was reduced upon UV irradiation by comparison to the UV free conditions. This can be explained by more soluble oligomers' formation (not detected by HPLC) by the combined process compared to the hydrothermal one. Indeed, the carbon balance determined by the total organic carbon (TOC) measurement at the end of the reaction was close to 100 % (Table 2) for Rut160 with those two processes.

In gas phase, hydrogen, carbon dioxide and monoxide were detected under hydrothermal and/or photocatalytic conditions in presence of Rut160 (Figure 6). But ethylene was not observed with combined processes unlike UV100. Conditions: P=15 bar of Ar, [glucose]=[TiO2]=0.5 g.L -1 , T=120 °C and UV free for hydrothermal process, ambient temperature and UV irradiation for photocatalytic process, 120 °C and UV irradiation for hydrothermal process assisted by photocatalysis.

Temperature effect

Glucose transformation was also studied at 150 °C to determine the temperature effect combined with UV irradiation on selectivity in presence of the most selective catalyst in levulinic acid and ethylene: UV100. As at 120 °C, the kinetic of glucose conversion by hydrothermal process at 150 °C assisted by photocatalysis was almost the same than by hydrothermal process (Fig. S6 in supplementary information). Besides, glucose conversion was initially more rapid at 150 °C than at 120 °C and reached 100 % after 5 h of reaction at 150 °C while more than 6 h are required at 120 °C (Figure 7). Similarly, the UV irradiation doesn't change the nature of the products at 150 °C but it changed their distribution, their evolutions and their total amounts (Figure 8):

i)

The major product changed from gluconic acid in absence of UV irradiation to levulinic acid under UV irradiation.

ii)

Again, formic and acetic acids were more produced with the combined process. For hydrothermal process, 3 % of formic acid and 2 % of acetic acid were obtained at high conversion, 90 %. While at this conversion level, with the hydrothermal process assisted by photocatalysis, 14 % of formic acid and 6 % of acetic acid are obtained.

iii) 5-HMF was less produced when hydrothermal process was assisted by photocatalysis most likely due to its transformation into levulinic acid obtained at the maximized yield of 60 % at glucose conversion of 95 %. When the reaction was prolonged reaching the complete glucose conversion after 24 h for the combined process, the levulinic acid yield decreased drastically to 0.1 % (Figure 8) and ethylene and hydrogen were much more produced at 150 °C than at 120 °C (Figure 9). Three times more ethylene was produced by increasing the temperature from 120 °C to 150 °C, 32 versus 94 µmol respectively). Hydrogen was produced in significant amount at 150 °C, with a total amount of 180 µmol at 150 °C against 0.28 µmol at 120 °C. It appears that glucose transformation by hydrothermal process assisted by photocatalysis can be conducted selectively to produce levulinic acid when it is stopped at 95 % of conversion or to hydrogen and ethylene when it is prolonged at complete glucose conversion. Note that for the UV free hydrothermal process, the temperature' increase from 120 to 150 °C didn't favor the levulinic acid production with a yield lower than 4 % (Fig. S7 in supplementary information) by contrast to the hydrothermal process assisted by photocatalysis where rising the temperature from 120 to 150 °C increased the maximum levulinic acid yield from a plateau at 35 % to 60 % at ~ 90 % conversion (Figure 10). An important general remark can be drawn from the data displayed in Figure 3Figure 8: assisting glucose hydrothermal process by UV irradiation at high temperature, 150 °C, is disclosed as an efficient way to improve the selectivity of the hydrothermal process in value added molecules. This combined process overcomes the main drawback of the hydrothermal ways for carbohydrates valorization: the inescapable carbon losses as polymers formation (humins) which makes this process non-selective.

The nature of the favored product upon UV irradiation at 150 °C, levulinic acid, a product usually obtained via strong mineral acid catalyzed hexoses transformation, raises many questions because the original TiO 2 surface has not the required strong Brønsted acidity. Let us recall here that we have previously shown by pyridine adsorption followed by FTIR that both TiO 2 , UV100 and Rut160, present only Lewis acid sites, at least, after dehydration at relatively low temperature, 150 °C [START_REF] Abdouli | Comparison of hydrothermal and photocatalytic conversion of glucose with commercial TiO2: Superficial properties-activities relationships[END_REF].

Thus, our catalytic data strongly suggest that the UV irradiation could be at the origin of a strengthening of the Brønsted acidity of the reaction medium. The question is: what is (are) the phenomenon(a) at the origin of the acidity enhancement?

A first explanation could be related to the many carboxylic acids formed in the reaction medium via the previously assumed base catalyzed glucose and other derived aldoses (arabinose, erythrose) hydration. This could provide the required homogeneous Brønsted acidity. However, few articles reported that levulinic acid could be obtained from hexose using homogenous carboxylic acids [START_REF] Dussan | Conversion of Hemicellulose Sugars Catalyzed by Formic Acid: Kinetics of the Dehydration of D -Xylose, L -Arabinose, and D -Glucose[END_REF]. Otherwise, in presence of carboxylic acid aqueous solutions whatever be the nature or its concentration, R. L. De Souza et al. obtained effectively 5-HMF from fructose [START_REF] De Souza | Essayem, 5-Hydroxymethylfurfural (5-HMF) Production from Hexoses: Limits of Heterogeneous Catalysis in Hydrothermal Conditions and Potential of Concentrated Aqueous Organic Acids as Reactive Solvent System[END_REF] and they observed that those acids can hardly catalyze the successive step of 5-HMF rehydration in levulinic and formic acid. The former products are generally obtained using stronger acid solutions based on H 2 SO 4 as previously recalled.

Another explanation could rely on the direct consequence of the UV irradiation on the TiO 2 surface, producing electron-hole pairs and their possible impact on water self protolysis occurring in the first hydration layers of the irradiated TiO 2 surface. This could result in a right shifting of water self protolysis equilibrium via hydroxyl groups neutralization by the hole (h + ) as previously reported [START_REF] Herrmann | Heterogeneous photocatalysis: fundamentals and applications to the removal of various types of aqueous pollutants[END_REF]. This situation could simply provide the strong Brønsted acidity required on the TiO 2 surface which, combined with the thermal activation brought by the high temperature, could explain the formation of levulinic acid from glucose upon UV irradiation (Scheme 2). Following the same idea, we cannot exclude that the first carboxylic acids formed in the reaction media might also be "neutralized" by the holes, h + , created upon TiO 2 UV irradiation and provide on the TiO 2 surface a relative "free" proton capable to promote levulinic acid formation. (Scheme 3). In order to consolidate or not these assumptions and to understand more the origin of the levulinic acid formation upon UV irradiation, the reactivity of various possible intermediates under UV irradiation at high temperature was studied.

Attempts to understand the origins of levulinic acid formation

Levulinic acid formation was remarkably enhanced by assisting glucose hydrothermal treatment by photocatalysis with both anatase (UV100) and rutile (Rut160) catalysts as shown in Figure 11 at 120 °C and in Figure 12 at 150 °C. At equivalent conversion level of 70 %, UV100 produced more levulinic acid (35 %) than Rut160 (5 %) at 120 °C (Figure 11) and a maximum yield of levulinic acid of ~60 % is reached at 150 °C over UV100 (Figure 12). It was generally accepted in the literature that levulinic acid is formed by hydration of 5-HMF, obtained by dehydration of fructose (glucose isomer), efficiently catalyzed by strong Brønsted acids such as H 2 SO 4 or HCl [START_REF] Hayes | The Biofine Process-Production of Levulinic Acid, Furfural, and Formic Acid from Lignocellulosic Feedstocks[END_REF][START_REF] Qu | Metal-organic framework containing BrØnsted acidity and Lewis acidity for efficient conversion glucose to levulinic acid[END_REF][START_REF] Kim | Catalytic conversion of glucose into levulinic and formic acids using aqueous Brønsted acid[END_REF].

To understand more the levulinic acid formation pathway, we studied the conversion of fructose in presence of the most efficient catalyst for levulinic acid formation: UV100. First, the coupling effect was verified. Fructose conversion by hydrothermal process assisted by photocatalysis was compared to the two separated processes, UV free hydrothermal one at 120 °C and the photocatalytic one at ambient temperature. The three processes led to an initial fast fructose consumption even the photocatalytic one performed at ambient temperature. The fructose conversion reached a plateau at a conversion level of 60 % after 2 h with the pure photocatalytic process at ambient temperature while the two other processes at 120 °C led to the complete fructose conversion after 24 h (Fig. S8 in supplementary information). As for glucose, assisting hydrothermal process by photocatalysis changed the nature of the major products from gluconic acid and 5-HMF to levulinic acid, and formic acids under the combined process (Figure 13). Note that, under UV free conditions, more 5-HMF are obtained from fructose, in agreement with its higher reactivity than glucose. However, equivalent levulinic acid yields were obtained in the hydride process whatever be the hexose (Figure 13 vs Figure 3). We have also studied the conversion of 5-HMF by hydrothermal process assisted by photocatalysis in presence of UV100, without and with addition of formic/acetic acids, in amount equivalent to their maximum concentration obtained by glucose transformation by the hybrid process. Interestingly, it is shown that 5-HMF is hardly converted within the hybrid process leading to a low yield of Levulinic acid with or without addition of formic/acetic acid in the reaction media (Fig. S11 in supplementary information).

The different behaviors between the hexoses and 5-HMF for levulinic acid formation when hydrothermal conditions are combined to the UV irradiation might originated in distinct adsorption capacities which probably is a prerequisite to take advantages of the electronic modification of the TiO 2 surface upon irradiation via a favored substrate adsorption on its surface. Accordingly, UV100 was previously shown to adsorb more glucose than Rut160 (Table 1). Finally, to get a better understanding of the irradiation effect on levulinic acid production, we studied glucose conversion by hydrothermal process assisted by photocatalysis by irradiating the reactor only 4 hours after reaction zero time. The kinetic of glucose conversion was almost the same under hydrothermal conditions without irradiation and with irradiation at 4 h (Fig. S12 in supplementary information). First, one can underline that UV irradiation not only inhibits gluconic acid formation, but the amount of gluconic acid formed during the first 4 h are decomposed (Figure 14.A) while levulinic acid yield increased remarkably (Figure 14.D). Some other products observed in aqueous phase changed also upon UV irradiation i) fructose yield also decreased in a more pronounced way (Figure 14.B), ii) 5-HMF yield increased but much less than without irradiation (Figure 14.C) most likely because of its faster transformation into levulinic acid under UV irradiation than under UV free hydrothermal conditions and iii) the sum of formic and acetic acids yields increased remarkably after irradiation (Figure 14.E). In commercial processes such as the Biofine process, strong mineral acids such as sulfuric acid are used to produce levulinic acid at high temperature, around 200 °C, from the C6 sugars of lignocellulosic biomass under 14 bar. The byproducts are furfural and formic acid [START_REF] Hayes | The Biofine Process-Production of Levulinic Acid, Furfural, and Formic Acid from Lignocellulosic Feedstocks[END_REF][START_REF] Conti | Procédé De Production D'acide Lévulinique[END_REF]. Levulinic acid yield close to the theoretical one is obtained, ~50 wt% together with 20 wt% yield of formic acid based on hexoses. Levulinic acid production from glucose [START_REF] Qu | Metal-organic framework containing BrØnsted acidity and Lewis acidity for efficient conversion glucose to levulinic acid[END_REF][START_REF] Qi | Catalytical conversion of fructose and glucose into 5-hydroxymethylfurfural in hot compressed water by microwave heating[END_REF][START_REF] Kim | Catalytic conversion of glucose into levulinic and formic acids using aqueous Brønsted acid[END_REF][START_REF] Ramli | Kinetic study of glucose conversion to levulinic acid over Fe/HY zeolite catalyst[END_REF][START_REF] Ramli | Fe/HY zeolite as an effective catalyst for levulinic acid production from glucose: Characterization and catalytic performance[END_REF][START_REF] Ya'aini | Characterization and performance of hybrid catalysts for levulinic acid production from glucose[END_REF][START_REF] Kitajima | Isomerization of glucose at hydrothermal condition with TiO2, ZrO2, CaO-doped ZrO2or TiO2-doped ZrO2[END_REF], fructose [START_REF] Qi | Catalytical conversion of fructose and glucose into 5-hydroxymethylfurfural in hot compressed water by microwave heating[END_REF] or 5-hydroxymethylfurfural [START_REF] Ramli | Kinetic study of glucose conversion to levulinic acid over Fe/HY zeolite catalyst[END_REF][START_REF] Ramli | Fe/HY zeolite as an effective catalyst for levulinic acid production from glucose: Characterization and catalytic performance[END_REF] has been also studied in presence of different types of catalysts (heterogeneous [START_REF] Qu | Metal-organic framework containing BrØnsted acidity and Lewis acidity for efficient conversion glucose to levulinic acid[END_REF][START_REF] Qi | Catalytical conversion of fructose and glucose into 5-hydroxymethylfurfural in hot compressed water by microwave heating[END_REF][START_REF] Ramli | Fe/HY zeolite as an effective catalyst for levulinic acid production from glucose: Characterization and catalytic performance[END_REF][START_REF] Ya'aini | Characterization and performance of hybrid catalysts for levulinic acid production from glucose[END_REF][START_REF] Kitajima | Isomerization of glucose at hydrothermal condition with TiO2, ZrO2, CaO-doped ZrO2or TiO2-doped ZrO2[END_REF] or homogeneous [START_REF] Qi | Catalytical conversion of fructose and glucose into 5-hydroxymethylfurfural in hot compressed water by microwave heating[END_REF][START_REF] Barba-Nieto | Promoting H2 photoproduction of TiO2-based materials by surface decoration with Pt nanoparticles and SnS2 nanoplatelets[END_REF][START_REF] Bahruji | Sustainable H2 gas production by photocatalysis[END_REF] Brønsted acid catalysts) under hydrothermal conditions. It was observed that levulinic acid was generally produced in low yields at mild temperature and its yield increased at high temperature (> 170 °C). In fact, Ramli et al. observed only a levulinic acid yield of 13 % at a conversion of 40 % at 120 °C in presence of Fe/HY, a heterogeneous catalyst with Lewis and Brønsted acid sites and they achieved higher glucose conversion (100 %) and levulinic acid yield of 55 % when temperature was increased to 180 °C [START_REF] Ramli | Fe/HY zeolite as an effective catalyst for levulinic acid production from glucose: Characterization and catalytic performance[END_REF][START_REF] Ya'aini | Characterization and performance of hybrid catalysts for levulinic acid production from glucose[END_REF]. Thanks to UV irradiation, we succeeded to produce yields more than 35 % of levulinic acid under mild temperature, 120 °C, and ~60 % at 150 °C with the heterogeneous TiO 2 catalyst having only Lewis acid sites and basic sites (UV100). While without irradiation, levulinic acid yield was lower than 10 % at 120 °C with UV100. Thus, this innovative process, hydrothermal process assisted by photocatalysis, can give higher levulinic acid yield than usual hydrothermal treatment performed in presence of heterogeneous Brønsted acid catalysts avoiding the use of strong mineral acid such as H 2 SO 4 . These data provide indirect evidences that the UV irradiation in the presence of UV100 at 120-150 °C would make the TiO 2 suspension in aqueous media much more acidic than without UV irradiation. Possible explanations are given above with the participation of the surficial holes, h + , created upon irradiation on the TiO 2 surface. However, at this stage we do not have direct proofs of the Brønsted acidity enhancement upon UV irradiation.

Proposed overall pathway of glucose transformation by hydrothermal process assisted by photocatalysis

In the following, we have tried to rationalize the observed products distribution and their evolutions with or without UV, suggesting different reaction pathways which would be favored based on the conditions of irradiation and the nature of TiO 2 .

From the products yields evolution in presence of UV100 (anatase) (Figure 3), one can see that assisting hydrothermal process under Ar atmosphere by photocatalysis inhibited gluconic acid (Figure 14.A) and its derivatives formation and highly favored levulinic acid formation. This drastic change could be explained by a change in catalyst's surface properties due to a change in electronic properties. In particular the formation of holes (h + ) in the TiO 2 at high temperature and under UV irradiation, is proposed to be the driving force for the formation of "free" protons, from water (Scheme 1) and/or from carboxylic acids (Scheme 2) whose acid strength would be high enough to promote levulinic acid formation from hexoses (pathway 2 in Scheme 4) at the expense of the base catalyzed gluconic acid formation and other C5, C4 sugars (pathway1 in Scheme 4).

The formation of ethylene could be initiated by the retro-aldolisation of fructose into erythrose and glycol aldehyde. The former one, once converted into glycolic acid via a base catalyzed hydration could be further converted into ethylene under irradiation, in the presence of protonic species (pathway 3 in Scheme 4).

The different behavior between UV100 and Rut160 could be explained considering their acid-base properties as follows:

1) The higher base/acid sites balance of Rut160 could explain its better catalytic performance for gluconic acid formation in UV free condition.

2) The higher density of Lewis acid sites of UV100, previously correlated to its higher capacity for glucose adsorption over Rut160 would explain its improved reactivity under UV irradiation, providing an optimum proximity between glucose adsorbed species and in situ generated H + at the TiO 2 surface and its higher levulinic acid production. 

Conclusion

To conclude, assisting hydrothermal transformation of glucose by photocatalysis under mild temperature (120-150 °C) increased value added molecules yields and makes the hydrothermal process more selective minimizing its main drawback: the carbon losses in undesirable humins formation.

Levulinic acid production in liquid phase increased upon UV irradiation, especially in presence of TiO 2 -UV100, at the expense of gluconic acid, with a parallel ethylene and hydrogen production in gas phase, especially at 150 °C.

Since levulinic acid is a molecule which require a strong Brønsted acidity to be formed from hexoses, our data give an indirect proof that the reaction media is becoming more acidic upon irradiation. Indeed, the used titanium dioxide catalysts didn't have intrinsic Brønsted acid sites in reaction conditions; thus, it is proposed that the electronic changes of the TiO 2 , such as the holes h + formation upon UV irradiation could be at the origin of in situ strong acidic protons formation by the neutralization of hydroxyl ions OH -or carboxylate ions RCOO - with the superficial holes h + . Levulinic acid formation might be also catalysed by carboxylic acids even if they're weak acids.

Finally, it is shown that in anaerobic condition, Rut160 'TiO 2 with a relative higher basic surface than UV100), is able to form selectively gluconic acid from glucose with a high yield of ~70 %. This is of high interest since this result is obtained without soluble bases addition and with a noble metal free TiO 2 precluding the inescapable noble metal leaching in hydrothermal conditions.
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 1 Figure 1: Used reactor.
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Figure 2 :

 2 Figure 2: Glucose conversion time course under hydrothermal conditions and/or photocatalytic conditions in presence of UV100 (A) and Rut160 (B).

Figure 3 :

 3 Figure 3: Product's yield evolution with glucose conversion by hydrothermal process not assisted (A) and assisted (B) by photocatalysis in presence of UV100. Conditions: P=15 bar of Ar, [glucose]=[TiO2]=0.5 g.L -1 , T=120 °C, UV irradiation (no irradiation for hydrothermal process).

Figure 4 :

 4 Figure 4: Product's yield evolution with glucose conversion by hydrothermal process not assisted (A) and assisted (B) by photocatalysis in presence of Rut160. Conditions: P=15 bar of Ar, [glucose]=[TiO2]=0.5 g.L -1 , T=120 °C, UV irradiation (no irradiation for hydrothermal process).

Figure 5 :

 5 Figure 5: Gas phase composition after 24 h under hydrothermal and/or photocatalytic conditions with UV100 under 15 bar of Ar.Conditions: P=15 bar of Ar, [glucose]=[TiO2]=0.5 g.L -1 , T=120 °C and UV free for hydrothermal process, ambient temperature and UV irradiation for photocatalytic process, 120 °C and UV irradiation for hydrothermal process assisted by photocatalysis.

Figure 6 :

 6 Figure 6: Gas phase composition after 24 h under hydrothermal and/or photocatalytic conditions with Rut160 under 15 bar of Ar.

Figure 7 :

 7 Figure 7: Temperature effect on glucose conversion time course by hydrothermal process (120 °C and 150 °C) assisted by photocatalysis in presence of UV100. Conditions: P=15 bar of Ar, [glucose]=[TiO2]=0.5 g.L -1 , T=120 or 150 °C, UV irradiation.

Figure 8 :

 8 Figure 8: Product's yield evolution with glucose conversion by hydrothermal process not assisted (A) and assisted (B) by photocatalysis in presence of UV100 at 150 °C. Conditions: P=15 bar of Ar, [glucose]=[TiO2]=0.5 g.L -1 , T=150 °C, UV irradiation (no irradiation for hydrothermal process).
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 9 Figure 9: Temperature effect on ethylene (A) and H2 (B) production by hydrothermal process assisted by photocatalysis in presence of UV100. Conditions: P=15 bar of Ar, [glucose]=[TiO2]=0.5 g.L -1 , T=120 or 150 °C, UV irradiation.

Figure 10 :

 10 Figure 10: Temperature effect on levulinic acid yield evolution with the glucose conversion by hydrothermal process assisted by photocatalysis in presence of UV100. Conditions: P=15 bar of Ar, [glucose]=[TiO2]=0.5 g.L -1 , T=120 or 150 °C, UV irradiation.

Scheme 2 :

 2 Scheme 2: Assumed impact of the UV irradiation on a possible right shifting of water self protolysis equilibrium on the first few layers of hydration of TiO2 with a possible Brønsted acid sites creation on the hydrated TiO2 surface.

Scheme 3 :

 3 Scheme 3: Proposed impact of the UV irradiation on a possible right shifting of carboxylic acid dissociation equilibrium on the TiO2 surface with a possible Brønsted acid sites creation on the TiO2 surface.
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Figure 11 :

 11 Figure 11: Comparison of levulinic acid production by the hydrothermal process assisted or not by photocatalysis in presence of: UV100 (A) and Rut160 (B) at 120 °C.Conditions: P=15 bar of Ar, [glucose]=[TiO2]=0.5 g.L -1 , T=120 °C and UV irradiation for hydrothermal process assisted by photocatalysis, UV free and 120 °C for hydrothermal process.

Figure 12 :

 12 Figure 12: Comparison of levulinic acid production by the hydrothermal process assisted or not by photocatalysis in presence of UV100 at 150 °C. Conditions: P=15 bar of Ar, [glucose]=[TiO2]=0.5 g.L -1 , T=150 °C and UV irradiation for hydrothermal process assisted by photocatalysis, UV free and 150 °C for hydrothermal process.

Figure 13 :

 13 Figure 13: Product's yield evolution with fructose conversion by hydrothermal process not assisted (A)and assisted (B) by photocatalysis in presence of UV100.Conditions: P=15 bar of Ar, [fructose]=[TiO2]=0.5 g.L -1 , T=120 °C and UV irradiation for hydrothermal process assisted by photocatalysis, UV free and 120 °C for hydrothermal process.

Figure 14

 14 Figure 14 Comparison of gluconic acid (A), fructose (B), 5-HMF (C), levulinic acid (D) and sum of formic and acetic acids (E) yield evolution with glucose conversion by hydrothermal process without irradiation (red) and with irradiation at 4 h (black).Conditions: P=15 bar of Ar, [glucose]=[TiO2]=0.5 g.L -1 , T=120 °C, UV irradiation.

Scheme 4 :

 4 Scheme 4: Proposed glucose transformation pathways by hydrothermal process assisted by photocatalysis in presence of TiO2.

Table 1 : Main physico-chemical properties of commercial TiO2: UV100 and Rut160 [31].

 1 

[c] (µmol.m -2 ) 0.7 0.3 Acid sites density [d] (µmol.m -2 ) 3 1.37 Basic sites density [e] (µmol.m -2 )

  

		0.4	0.23
	Basic/Acid sites ratio	0.13	0.17

Specific surface area [f] (m².g -1 ) 300 175

  

	[a] pretreatment: 2 h at 400 °C. [b] from XRD patterns. [c] aqueous phase, 30 °C. [d] calorimetry of NH3
	adsorption. [e] calorimetry of CO2 adsorption, [f] Brunauer, Emmett and Teller (BET): pretreatment for 2 h at 300
	°C (Temperature ramp: 5 °C.mn -1 ), N2 adsorption.

Table 2 : Liquid carbon balance (from TOC analysis) after 24 h. Catalyst Carbon balance after 24 h (%)

 2 

		Hydrothermal process	Photocatalytic process	Hydrothermal assisted by photocatalysis process
	UV100	96 ± 5	91 ± 5	78± 4
	Rut160	100 ± 5	100 ± 5	96 ± 5
	Conditions: P=15 bar of Ar, [glucose]=[TiO2]=0.5 g.L -1 , T=120 °C and UV free for hydrothermal process, ambient temperature and UV irradiation for photocatalytic process, 120 °C and UV irradiation for hydrothermal process assisted by photocatalysis.
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