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Introduction

Bio-oil from biomass pyrolysis is becoming attractive to produce non-petroleum based and value-added biofuels and chemicals [START_REF] Huber | Synergies between Bio-and Oil Refineries for the Production of Fuels from Biomass[END_REF][START_REF] Li | Catalytic Transformation of Lignin for the Production of Chemicals and Fuels[END_REF][START_REF] Kan | Lignocellulosic biomass pyrolysis: A review of product properties and effects of pyrolysis parameters[END_REF][START_REF] Dabros | Transportation fuels from biomass fast pyrolysis, catalytic hydrodeoxygenation, and catalytic fast hydropyrolysis[END_REF]. It contains a range of various organic compounds such as phenols, acids, aldehydes, and ketones, depending on the pyrolysis conditions and the biomass source [START_REF] Huber | Synthesis of transportation fuels from biomass: chemistry, catalysts, and engineering[END_REF]. The as-produced bio-oil remains low valuable as a product since it requires a decrease of its oxygen content to be more profitable.

Hydrodeoxygenation (HDO) catalytic process can be used for oxygen removal. In recent years, much efforts were done in order to design a cost-effective catalyst for a HDO efficient process [START_REF] Bu | A review of catalytic hydrodeoxygenation of lignin-derived phenols from biomass pyrolysis[END_REF][START_REF] Arun | Green diesel synthesis by hydrodeoxygenation of bio-based feedstocks: Strategies for catalyst design and development[END_REF][START_REF] Mortensen | A review of catalytic upgrading of bio-oil to engine fuels[END_REF][START_REF] Li | Heterogeneous sulfur-free hydrodeoxygenation catalysts for selectively upgrading the renewable bio-oils to second generation biofuels[END_REF][START_REF] Jin | Catalytic Upgrading of Biomass Model Compounds: Novel Approaches and Lessons Learnt from Traditional Hydrodeoxygenationa Review[END_REF][START_REF] Baloch | Recent advances in production and upgrading of bio-oil from biomass: A critical overview[END_REF][START_REF] Peters | Anisole and Guaiacol Hydrodeoxygenation Reaction Pathways over Selected Catalysts[END_REF].

In this context, the catalyst must provide an acceptable combination of the followed features: stability, sustainability, deoxygenation rate, and selectivity toward more valuable products. Firstly, commercial sulfided solids such as Mo-based sulfides appeared as efficient catalysts for HDO and were extensively studied due to their interesting features as catalysts [START_REF] Furimsky | Catalytic hydrodeoxygenation[END_REF]. However, in the research of more sustainable processes, sulfided catalysts become limited since their use requires an S-containing agent (e.g. H2S or dimethyl disulfide) to be present in the feed to maintain the catalyst activity. Unfortunately, their presence can lead to a possible sulfur contamination of the upgraded bio-oil liquids [START_REF] Ryymin | Insight to sulfur species in the hydrodeoxygenation of aliphatic esters over sulfided NiMo/γ-Al 2 O 3 catalyst[END_REF]. Noble metal catalysts (e.g. containing Pt or Pd) also exhibit attractive catalytic properties such as high activity and stability without the use of unsustainable materials such as sulfur [START_REF] Liu | Hydrodeoxygenation of benzofuran over silica-alumina-supported Pt, Pd, and Pt-Pd catalysts[END_REF][START_REF] Nimmanwudipong | Catalytic conversion of guaiacol catalyzed by platinum supported on alumina: reaction network including hydrodeoxygenation reactions[END_REF]. However, these solids have high cost, meaning that the final product would be too expensive to compete with their petro-based similar compounds.

In the perspective to use an efficient catalyst with an affordable cost, the catalytic properties of nickel-based catalyst materials were recently investigated for the deoxygenation of triglycerides [START_REF] Kordulis | Development of nickel based catalysts for the transformation of natural triglycerides and related compounds into green diesel: a critical review[END_REF]. It is often proposed that active metallic phase containing at least two components exhibits better catalytic characteristics compared to monometallic [START_REF] Alonso | Bimetallic catalysts for upgrading of biomass to fuels and chemicals[END_REF]. It is often reported that the catalytic properties of Ni-Co alloys were more interesting than the monometallics for various reactions such as partial oxidation of CH4 [START_REF] Koh | Hydrogen or synthesis gas production via the partial oxidation of methane over supported nickelcobalt catalysts[END_REF]. CO hydrogenation [START_REF] Ishihara | Effect of alloying on CO hydrogenation activity over SiO2-supported Co-Ni alloy catalysts[END_REF][START_REF] Ishihara | Hydrogenation of carbon monoxide over SiO2-supported Fe-Co, Co-Ni and Ni-Fe bimetallic catalysts[END_REF], steam reforming of various substrates (CH4 [START_REF] Hu | Investigation of steam reforming of acetic acid to hydrogen over Ni-Co metal catalyst[END_REF][START_REF] Zhang | Development of stable bimetallic catalysts for carbon dioxide reforming of methane[END_REF][START_REF] Zhang | Effects of metal content on activity and stability of Ni-Co bimetallic catalysts for CO 2 reforming of CH 4[END_REF][START_REF] Sajjadi | Hydrogen production via CO2reforming of methane over Cu and Co doped Ni/Al2O3 nanocatalyst: impregnation versus sol-gel method and effect of process conditions and promoter[END_REF][START_REF] San-José-Alonso | Co and bimetallic Ni-Co catalysts for the dry reforming of methane[END_REF][START_REF] Das | Facile synthesis of highly disperse Ni-Co nanoparticles over mesoporous silica for enhanced methane dry reforming[END_REF], biomass tar [START_REF] Wang | Catalytic performance and characterization of Ni-Co catalysts for the steam reforming of biomass tar to synthesis gas[END_REF], ethanol [START_REF] Koh | Hydrogen or synthesis gas production via the partial oxidation of methane over supported nickelcobalt catalysts[END_REF][START_REF] Andonova | Structure and redox properties of Co promoted Ni/Al 2 O 3 catalysts for oxidative steam reforming of ethanol[END_REF][START_REF] Chen | Support and alloy effects on activity and product selectivity for ethanol steam reforming over supported nickel cobalt catalysts[END_REF], acetic acid [START_REF] Hu | Investigation of steam reforming of acetic acid to hydrogen over Ni-Co metal catalyst[END_REF] or glycerin [START_REF] Luo | Hydrogen generation from liquid reforming of glycerin over Ni-Co bimetallic catalyst[END_REF]). The promoting effects due to the presence of alloys are mostly attributed to a better dispersion of metallic phase [START_REF] Zhang | Development of stable bimetallic catalysts for carbon dioxide reforming of methane[END_REF][START_REF] Xu | Biogas reforming for hydrogen production over nickel and cobalt bimetallic catalysts[END_REF], to electronic effects [START_REF] Ishihara | Effect of alloying on CO hydrogenation activity over SiO2-supported Co-Ni alloy catalysts[END_REF], or to the enhancement of their reducibility properties [START_REF] Wang | Catalytic performance and characterization of Ni-Co catalysts for the steam reforming of biomass tar to synthesis gas[END_REF][START_REF] Andonova | Structure and redox properties of Co promoted Ni/Al 2 O 3 catalysts for oxidative steam reforming of ethanol[END_REF]. Such behavior was also observed for Ni based catalysts. The association of Ni to different metals such as Cu [START_REF] Khromova | Anisole hydrodeoxygenation over Ni-Cu bimetallic catalysts: The effect of Ni/Cu ratio on selectivity[END_REF][START_REF] Ardiyanti | Catalytic hydrotreatment of fast-pyrolysis oil using non-sulfided bimetallic Ni-Cu catalysts on a δ-Al 2 O 3 support[END_REF], Re [START_REF] Feng | Aqueous-phase hydrodeoxygenation of 4propylphenol as a lignin model to n-propylbenzene over Re-Ni/ZrO2 catalysts[END_REF][START_REF] Yang | Geometric and electronic effects of bimetallic Ni-Re catalysts for selective deoxygenation of m-cresol to toluene[END_REF], Pd [START_REF] Lai | Hydrodeoxygenation of guaiacol over Ni@Pd and Ni@Pt bimetallic overlayer catalysts[END_REF], Pt [START_REF] Lai | Hydrodeoxygenation of guaiacol over Ni@Pd and Ni@Pt bimetallic overlayer catalysts[END_REF][START_REF] Do | Bimetallic effects in the hydrodeoxygenation of meta-cresol on γ-Al 2 O 3 supported Pt-Ni and Pt-Co catalysts[END_REF], Fe [START_REF] Leng | NiFe/γ-Al 2 O 3: a universal catalyst for the hydrodeoxygenation of bio-oil and its model compounds[END_REF][START_REF] Nie | Selective conversion of m-cresol to toluene over bimetallic Ni-Fe catalysts[END_REF][START_REF] Shafaghat | Catalytic hydrodeoxygenation of simulated phenolic bio-oil to cycloalkanes and aromatic hydrocarbons over bifunctional metal/acid catalysts of Ni/HBeta, Fe/HBeta and NiFe/HBeta[END_REF][START_REF] Liu | Hydrodeoxygenation of m-cresol over bimetallic NiFe alloys: Kinetics and thermodynamics insight into reaction mechanism[END_REF][START_REF] Han | The synergistic effect between Ni sites and Ni-Fe alloy sites on hydrodeoxygenation of lignin-derived phenols[END_REF] or Co [START_REF] Huynh | Hydrodeoxygenation of Phenol as a Model Compound for Bio-oil on Non-noble Bimetallic Nickel-based Catalysts[END_REF][START_REF] Huynh | Hydrodeoxygenation of Bio-Oil on Bimetallic Catalysts: From Model Compound to Real Feed[END_REF][START_REF] Zhou | Catalytic conversion of guaiacol to alcohols for bio-oil upgrading[END_REF][START_REF] Zhou | Water-Assisted Selective Hydrodeoxygenation of Guaiacol to Cyclohexanol over Supported Ni and Co Bimetallic Catalysts[END_REF][START_REF] Tran | Vapor-phase hydrodeoxygenation of guaiacol on Al-MCM-41 supported Ni and Co catalysts[END_REF][START_REF] Liu | Significant Promotion of Surface Oxygen Vacancies on Bimetallic CoNi Nanocatalysts for Hydrodeoxygenation of Biomass-derived Vanillin to Produce Methylcyclohexanol[END_REF][START_REF] Hari | Production of diesel fuel by the hydrotreatment of jatropha oil derived fatty acid methyl esters over γ-Al2O3 and SiO2 supported NiCo bimetallic catalysts[END_REF] leads to beneficial changes in their HDO catalytic properties. The presence of Ni-Cu alloys in the corresponding bimetallic catalysts favored the deoxygenation rate of anisole into methylcyclohexane under high pressure (6 MPa) at 280 °C. This promotion was linked to an increase in the nickel content [START_REF] Khromova | Anisole hydrodeoxygenation over Ni-Cu bimetallic catalysts: The effect of Ni/Cu ratio on selectivity[END_REF]. In the same way, Yang et al. [START_REF] Yang | Geometric and electronic effects of bimetallic Ni-Re catalysts for selective deoxygenation of m-cresol to toluene[END_REF] showed a beneficial effect of the presence of Re in Ni-Re catalysts for the HDO of m-cresol under atmospheric pressure at 300°C. This effect was related to an increase of the Ni dispersion due to the presence of Re allowing the formation of active Ni-Re alloys. In the same way, Han et al. [START_REF] Han | The synergistic effect between Ni sites and Ni-Fe alloy sites on hydrodeoxygenation of lignin-derived phenols[END_REF] reported that the bimetallic Ni-Fe catalyst was more active than the monometallic Ni one in HDO of phenol due to the presence of Ni-Fe alloy. In this last case, the bimetallic catalyst presented the highest HDO activity which was assigned to an increase of the adsorption strength of cyclohexanol on Ni-Fe alloy particles. This alcohol is an oxygenated product produced during the HDO of phenol, which can be transformed into cyclohexane by hydrogenolysis. It was also reported in literature that the presence of iron can modify the product distribution observed on Ni-based catalysts during HDO of m-cresol (300 °C, atmospheric pressure) [START_REF] Nie | Selective conversion of m-cresol to toluene over bimetallic Ni-Fe catalysts[END_REF]. Indeed, methylcyclohexanone was the main product over Ni/SiO2 whereas toluene was predominant over Ni-Fe/SiO2. According to the study, this change of selectivity in the presence of iron could suppress the hydrogenation of the phenol aromatic ring. The authors proposed that iron could cause a repulsion with the  electron system of the phenol aromatic ring thereby inhibiting the hydrogenating properties of Ni-Fe particles. Using an acidic support (HZSM5 zeolite), Huynh et al. [START_REF] Huynh | Hydrodeoxygenation of Phenol as a Model Compound for Bio-oil on Non-noble Bimetallic Nickel-based Catalysts[END_REF] demonstrated a beneficial effect of Co when it was associated to Ni for the HDO of phenol (5 MPa, 250 °C). In another case, studying guaiacol as model molecule at 400 °C under atmospheric pressure, Tran et al. [START_REF] Tran | Vapor-phase hydrodeoxygenation of guaiacol on Al-MCM-41 supported Ni and Co catalysts[END_REF] observed that the presence of Co enhanced the HDO activity of Ni based catalysts by favoring the dispersion of nickel metal oxides. Nevertheless, in both cases, the promoting effect of Co was difficult to estimate due to the very high level of conversion of phenol (close to 98 %). Recently, Liu et al. [START_REF] Liu | Significant Promotion of Surface Oxygen Vacancies on Bimetallic CoNi Nanocatalysts for Hydrodeoxygenation of Biomass-derived Vanillin to Produce Methylcyclohexanol[END_REF] reported that bimetallic NiCo alloys supported on Al2O3 were efficient catalysts for the HDO of vanillin, methylcyclohexanol being selectively produced at 2 MPa and 200 °C. Interestingly, the Co/Ni atomic ratio of 2 allowed to obtain a very high HDO performance since the yield in methylcycloghexanol was close to 100%. Such promoting effect was explained by the presence of electron-rich Co 0 species in CoNi nanoparticles which favored the activation of oxygen-containing groups.

In the present work, the investigation of nickel and cobalt alloys supported on γ-Al2O3 for the hydrodeoxygenation of m-cresol as bio-oil model compound under high hydrogen pressure was studied for the first time. The interest of studying such materials is based on the non-use of deleterious materials and on their potential effectiveness as catalysts for HDO. The relationship between the solids' properties and their performances as catalyst is discussed further herein.

Experimental

Catalyst preparation

Ni-Co catalysts were prepared by incipient wetness impregnation method of γalumina. Different molar ratios between cobalt and nickel were used in the synthesis using the correct amounts of Ni(NO3)2.6H2O and Co(NO3)2.6H2O as precursors (purchased from Sigma-Aldrich). In order to evaluate the bimetallic catalyst system, Ni/Al2O3 and Co/Al2O3 were also synthesized. The total metal loading (Co + Ni) was set to 10 wt.%. After impregnation, the catalyst was left for maturation during 5 days at 25 ºC. This aging time was already reported to ensure homogeneity between different elements in the case of coimpregnation procedure [START_REF] Ungureanu | Synthesis of highly thermostable copper-nickel nanoparticles confined in the channels of ordered mesoporous SBA-15 silica[END_REF].

The impregnated solid was then calcinated at 500 ºC (1.5 ºC min -1 ) for 5 h in a static oven. Further, the obtained catalysts were pelleted, crushed and sieved (250-315 µm).

Catalyst characterization

The Ni and Co contents of the catalysts were determined by atomic absorption using an AA200 Perkin Elmer equipment. Before analysis, the catalysts were solubilized in an acidic aqueous solution containing both hydrochloric and nitric acids. N2 adsorption-desorption isotherms were measured on a Micromeritics ASAP 2000 analyzer at -196 ºC. Prior to N2 adsorption, the powder samples were degassed under secondary vacuum at 200 ºC overnight. The specific surface area was calculated using the Brunauer-Emmett-Teller (BET) method. The total pore volume was calculated from the adsorbed volume of nitrogen at P/P0 equal to 0.99. H2-TPR measurements were performed for 100 mg of each catalyst in Autochem 2920.

The solid was first pretreated under He flow (20 mL min -1 ) at 200 ºC (10 ºC min -1 ) for 30 min.

Temperature was then adjusted to 50 ºC and the reduction measurements using TCD detector started under 10% H2 in Ar (20 mL min -1 ) until 1000 ºC (5 ºC min -1 ) and kept in isotherm for 90 min.

X-ray diffraction (XRD) analysis were performed on a Bruker AXS D8 Advance diffractometer to determine the crystal structure of nanoparticles. The X-ray diffractometer was operated at 40 kV and 35 mA with a Co-K ( = 1.7889 Å) X-ray source. Each analysis was performed for 2 values from 20 to 100°, with steps of 0.05° and fixed acquisition time of 6s per step. Rietveld refinements of the diffractograms were performed using the Materials Analysis Using Diffraction (MAUD) software [START_REF] Lutterotti | MAUD: a friendly Java program for material analysis using diffraction[END_REF]. Prior to analysis, the Ni-Co solids were reduced in situ at 500 ºC (5 ºC min -1 ) under 4 MPa of H2 during 3 h by a flow of hydrogen (4.7 NL h -1 ). After this procedure, samples were cooled down under hydrogen until room temperature and passivated under atmospheric pressure for 3 h using 5% O2/He (80 mL min - 1 ).

CO chemisorption was determined by pulse method at 30 ºC. The catalyst was reduced in-situ at 500 ºC (3 h) at 4 MPa of H2 as described above for X-ray analysis. The samples were transferred under argon atmosphere to an equipment for CO chemisorption measurements.

First, the solid was pretreated with helium (30 mL min -1 ) at 200 ºC for 30 minutes.

Temperature was then set to 30 °C and CO pulses were injected until saturation. The measurements were detected by TCD.

The acidity of the support and catalysts was determined by NH3-TPD. Experiments were performed on a Micromeritics Autochem 2910 apparatus. All samples were pretreated with pure He at 200°C during 1 h. The temperature was then lowered to 100 °C. The solid was saturated with anhydrous NH3 (10 vol% in He). Thereafter, it was purged under He, then the temperature was raised to 600 °C (heating rate: 5 °C min -1 ). The amount of NH3 desorbed was quantified by TCD.

Carbon content was determined using an elementary analyzer (NA2100 Protein Thermoquest, CE instruments). The catalysts were exposed to 1020 ºC under oxygen atmosphere. The C content was quantified by the analysis of CO2 provided by the combustion of the solid.

Catalytic experiments

Ni-Co catalysts were tested in a continuous fixed-bed reactor for the deoxygenation of m-cresol at 340 °C under 4 MPa of total pressure. Prior to the reaction, each catalyst was reduced in-situ at 500 ºC (5 ºC min -1 ) under 4 MPa of pure hydrogen (4.7 L/h) for 3 h.

Temperature was then set to the reaction temperature (340 ºC). The reactor was fed by a liquid model feed composed of m-cresol (4.65 wt.%) and n-heptane as an internal standard (2.52 wt.%), in dodecane (solvent). The used molar ratio of hydrogen to m-cresol was 486 NL/L and the H2 partial pressure was 3.24 MPa. All chemicals used in this study were purchased from Sigma-Aldrich, except for pure H2 (Air Liquide).

During the reaction, the exit line of the reactor was refrigerated by a Minichiller-Huber at 10 ºC and the condensed samples were analyzed every hour using a Varian 430 chromatograph with a DB1 capillary column (length: 30 m, inside diameter: 0.320 mm, film thickness: 5 µm) and a FID detector.

The conversion and selectivity were calculated based on the following Eqs. ( 1) and ( 2), standard deviation of all values were estimated to 5%: Experiments were carried out during 25 h on stream. Different conversion levels were obtained using several space times ( in g h mol -1 ), changing the reactant flow (Eq. ( 3)).

  0 0 % 100 CRE CRE CRE CRE CC X C   (1) 0 (%) 100 i i CRE CRE C S CC   (2) 
CRE W F   (3) 
where W is the weight of catalyst and CRE F the molar flow of m-cresol.

The reactant and product concentration can be used to determine kinetic parameters of transformation of m-cresol. Assuming this reaction as 1st-order (Eq. ( 4)):

 

1 ln 1 TOT CRE kX   ( 4 
)
where kTOT is the reaction rate constant (mmol g -1 h -1 ).

The turnover frequency (TOF, in h -1 ) was calculated by Eq. ( 5):

TOT k TOF M  ( 5 
)
where M is the CO uptake (in mmol g -1 ) obtained from chemisorption experiments.

3 Results and discussion

Catalyst characterization

Ni and Co contents in the prepared catalysts were very close to the nominal values as

shown in Table 1. The N2 adsorption and desorption isotherms for the support and the catalysts reduced in situ at 4 MPa and 340 ºC are presented in Fig. 1. All catalysts possessed a mesoporous structure very similar to their support presenting a type IV isotherm. The fresh catalysts in oxide form also presented the same kind of isotherm (not shown here). Table 1 summarizes the textural properties of the support, the as prepared and reduced catalysts. For supported materials, raw values were recalculated to remove the contribution of oxide phases weight on textural properties (values in brackets in Table 1) allowing to access information on stability of the support during the impregnation-reduction steps. It can be noted that the values of surface area and pore volume of all solids slightly decreased after introduction of oxide phases. This result might be attributed to two factors, the formation of Ni and Co oxides blocking the support pores and the formation of a solid structure in the form of spinel species [START_REF] Andonova | Structure and redox properties of Co promoted Ni/Al 2 O 3 catalysts for oxidative steam reforming of ethanol[END_REF]. The reduction process led to a slight decrease of both SBET and pore volume (less than 3%), showing that the reduction step preserves the textural properties of the catalysts.

However, the surface areas of both Co/Al2O3 and Ni/Al2O3 were similar, close to 195 m 2 g -1 .

Fig. 2 shows the TPR profiles of Ni/Al2O3, Co/Al2O3 and NiCo/Al2O3 with different molar ratios. The H2 uptakes obtained from TPR measurements as well as the theoretical value assuming fully reduction of the metals can be found in Table 2. From these values, Ni and Co species were completely reduced to metallic species. The order of H2 consumption followed during the reduction process. Indeed, it was proposed that the reducibility of Ni and Co species was simultaneously improved in NiCo samples [START_REF] Xu | Biogas reforming for hydrogen production over nickel and cobalt bimetallic catalysts[END_REF][START_REF] Liu | Significant Promotion of Surface Oxygen Vacancies on Bimetallic CoNi Nanocatalysts for Hydrodeoxygenation of Biomass-derived Vanillin to Produce Methylcyclohexanol[END_REF]. In addition, the reduction of spinel NiAl2O4 species occurs at much higher temperature with the increase of cobalt content as already reported [START_REF] Andonova | Structure and redox properties of Co promoted Ni/Al 2 O 3 catalysts for oxidative steam reforming of ethanol[END_REF]. In order to verify that all metallic phases were reduced under the reduction step carried out prior the catalytic test (500 ºC, 4 MPa), additional TPR experiments were carried out for each pre-treated sample. The reactor was open in a glovebox filled with Argon and the reduced catalysts were transferred under Ar atmosphere to perform TPR. Over all reduced samples, no consumption of hydrogen was detected indicating that all oxide phases were totally reduced at 500 °C under 4 MPa of hydrogen pressure. angle gradually with increasing Co amount. Fig. 5 shows a linear relationship between the lattice parameter (calculated by Rietveld refinements) and the composition of metallic phase estimated by the Ni/(Ni+Co) atomic ratio. This result is in agreement with the Vegard's law [START_REF] Cullity | Elements of x-ray diffraction[END_REF] and confirms the presence of Ni-Co alloy in bimetallic samples. In addition, the size of metallic nanoparticles seems to increase with the introduction of cobalt, in agreement with results reported by Wang et al. [START_REF] Wang | Catalytic performance and characterization of Ni-Co catalysts for the steam reforming of biomass tar to synthesis gas[END_REF].

As expected, the acidity of the support and catalysts, determined by NH3-TPD, was close to 1.0 µmol g -1 (Table 2), irrespective the presence and the nature of the metallic phase.

The value of CO uptake for Ni/Al2O3 is about twice higher than the one of Co/Al2O3 (Table 2), in agreement with results obtained by Takanabe et al. [START_REF] Takanabe | Titania-supported cobalt and nickel bimetallic catalysts for carbon dioxide reforming of methane[END_REF]. Interestingly, the bimetallic solid with a Ni/Co molar ratio close to 3 (NiCo(3:1)/Al2O3), shows the highest CO uptake. This alloy composition seems to favour the amount of sites allowing to adsorb CO.

HDO of m-cresol

The HDO of m-cresol was carried out at 4 MPa and 340 ºC in order to evaluate the effect of alloying nickel and cobalt. For each catalyst, experiments were performed for 25 h on stream and space time was changed every 5 h in order to study the evolution of the reaction products with the conversion of m-cresol (Fig. 6). In a run with high value of space time using the bare support as catalyst, no conversion of the reactant was observed. All catalysts were stable under our experimental conditions during the whole set of experiments, despite the presence of carbon over spent catalysts (Table 3). Fig. 7 shows a linear correlation between -ln (1-XCRE) and space time (τ) indicating that the reaction can be modeled by a first-order kinetic, as already reported for several types of catalysts [START_REF] Gonçalves | Hydrodeoxygenation of m-cresol over nickel and nickel phosphide based catalysts. Influence of the nature of the active phase and the support[END_REF][START_REF] Gonçalves | Kinetics of the hydrodeoxygenation of cresol isomers over Ni2P/SiO2: Proposals of nature of deoxygenation active sites based on an experimental study[END_REF]. Thus, the overall rate constant (kTOT) determined for each catalyst (Table 4) showed that NiCo (3:1)/Al2O3 was the most active of the studied series. It was about 1.2 times more active than Ni/Al2O3 and 9 times more active than Co/Al2O3, showing a promoting effect of the presence of Ni-Co alloy for HDO of m-cresol. In addition, the Ni-Co alloys composition had an effect on their HDO catalytic properties: in our studied samples, the higher the nickel content is, the higher the HDO activity is. Indeed, the order of activity among Ni-Co catalysts followed NiCo (3:1)/Al2O3 > NiCo(1:1)/Al2O3 > NiCo(1:3)/Al2O3 . Interestingly, this trend was the same that the one obtained from the CO uptake (Table 2), as shown in Fig. 8. The evolution of both kTOT and CO uptakes as a function of the active phase composition (determined by the Ni/(Ni + Co) ratio) followed the same trend. These results seem to indicate that the sites allowing to adsorb CO are the active sites in HDO of m-cresol. Consequently, such technique seems to be well appropriate to measure the amount of HDO active sites.

Recently, it was proposed that the active sites present on CoNi nanoparticles could be surface electron-rich Co 0 species, which could interact with oxygen atom and favor the deoxygenation rate [START_REF] Liu | Significant Promotion of Surface Oxygen Vacancies on Bimetallic CoNi Nanocatalysts for Hydrodeoxygenation of Biomass-derived Vanillin to Produce Methylcyclohexanol[END_REF]. Due to the lower amount of active sites estimated by CO adsorption for Ni/Al2O3 (35 mol g -1 ) compared to NiCo(3:1)/Al2O3 (46 mol g -1 ), the TOF value of Ni/Al2O3 was about 1.1 times higher than the one of NiCo(3:1)/Al2O3 (Table 4), even if the total activity (estimated by kTOT) of NiCo(3:1)/Al2O3 was 1.2 times higher than Ni/Al2O3. In addition, the TOF values reported in Table 4 indicates that the activity of Ni/Al2O3 was higher than the one of Co/Al2O3, in agreement with results obtained for HDO of phenol [START_REF] Huynh | Hydrodeoxygenation of Phenol as a Model Compound for Bio-oil on Non-noble Bimetallic Nickel-based Catalysts[END_REF].

In Under the same experimental conditions (340 °C, 3 MPa), the HDO of m-cresol was already reported over various supported catalytic systems, such as molybdenum sulfide [START_REF] Gonçalves | Hydrodeoxygenation of Cresols Over Mo/Al2O3 and CoMo/Al2O3 Sulfided Catalysts[END_REF],

molybdenum oxide [START_REF] Gonçalves | Effect of the support on the hydrodeoxygenation of m-cresol over molybdenum oxide based catalysts[END_REF] and nickel phosphides [START_REF] Gonçalves | Hydrodeoxygenation of m-cresol over nickel and nickel phosphide based catalysts. Influence of the nature of the active phase and the support[END_REF][START_REF] Gonçalves | Kinetics of the hydrodeoxygenation of cresol isomers over Ni2P/SiO2: Proposals of nature of deoxygenation active sites based on an experimental study[END_REF][START_REF] Gonçalves | Effect of P/Ni ratio on the performance of nickel phosphide phases supported on zirconia for the hydrodeoxygenation of m-cresol[END_REF]. Only CoMoS/Al2O3 was slightly more active than the NiCo(3:1)/Al2O3 (about 1.1 times more active). Nevertheless, the selectivity of this sulfide phase was different since toluene was the main product over CoMo/Al2O3.

In addition, except to Co/Al2O3, the particle size increases linearly with the amount of Co (Fig. 5). This trend was rather different that the one observed for the HDO activity, indicating that the particle size of the metallic nanoparticles (monometallic or alloy) was

probably not a key parameter to explain their catalytic properties, as previously suggested [START_REF] Huynh | Hydrodeoxygenation of Phenol as a Model Compound for Bio-oil on Non-noble Bimetallic Nickel-based Catalysts[END_REF][START_REF] Takanabe | Titania-supported cobalt and nickel bimetallic catalysts for carbon dioxide reforming of methane[END_REF]. °C. Under these experimental conditions, m-cresol was mainly deoxygenated into methylcyclohexane ( 56 mol%) and methylcyclohexenes ( 33 mol%). Toluene was also detected but in low quantities (less than 2 mol%). An oxygenated compound, methylcyclohexanone, was also observed in the reactional mixture; its amount being close to 10 mol%. As indicated in Table 4, the presence of Co favored the total deoxygenation of mcresol since the HDO values were higher than 90 mol% for the three bimetallic catalysts and for Co/Al2O3, whereas deoxygenation selectivity was lower for Ni/Al2O3 (equal to 84 mol.%)

showing that the presence of Co 0 species favored the activation of m-cresol. Such behavior was already reported by Liu et al. [START_REF] Liu | Significant Promotion of Surface Oxygen Vacancies on Bimetallic CoNi Nanocatalysts for Hydrodeoxygenation of Biomass-derived Vanillin to Produce Methylcyclohexanol[END_REF] and attributed to the presence of surface oxygenvacancy which decorated bimetallic CoNi nanoparticles. In addition, the proportion of methylcyclohexane was the highest on NiCo(3:1)/Al2O3 (56 mol%) and the lowest on Co/Al2O3 (41 mol.%). Our results are in accordance with results reported by Huynh et al. [START_REF] Huynh | Hydrodeoxygenation of Phenol as a Model Compound for Bio-oil on Non-noble Bimetallic Nickel-based Catalysts[END_REF] using phenol as probe molecule, cyclohexane being the main product (250°C, 5 MPa).

However, over Co/Al2O3, methylcyclohexenes become the major products, showing the lower hydrogenating properties of Co compared to Ni. In the same way, Co seems more selective into toluene than Ni. According to Table 4, the degree of deoxygenation (HDO %) is favored by increasing the Co content. Zhou et al. [START_REF] Zhou | Catalytic conversion of guaiacol to alcohols for bio-oil upgrading[END_REF] observed that the selectivity into cyclohexanol in the HDO of guaiacol was improved using nickel catalyst promoted by cobalt; this catalyst being supported on carbon nanotubes; meanwhile pure nickel mostly produced catechol, a product obtained without oxygen removal. Similarly, for the hydrodeoxygenation of guaiacol under 1 MPa and at 300 ºC, Mochizuki et al. [START_REF] Mochizuki | Deoxygenation of guaiacol and woody tar over reduced catalysts[END_REF] showed that the degree of deoxygenation over Co/SiO2 was higher, leading mainly to aromatic and naphthenic compounds, than Ni/SiO2, which gave cyclohexanol as main product.

Fig. 10 shows the behavior of the selectivity from the transformation of m-cresol as function of space times. At low conversion levels (low contact time values) alkene isomers (methylcyclohexenes) were preferentially formed, their selectivity decreased by increasing the conversion of the phenolic reactant. Regarding the evolution of selectivity with m-cresol conversion, 3-methylcyclohexanone followed the same trend than methylcyclohexenes. At higher space times, methylcyclohexane selectivity increases until it becomes the major product. The selectivity into toluene was not modified in the range of contact time studied for each catalyst.

From previous results over several active phases (CoMoS, Ni, Ni2P, MoOx) [START_REF] Gonçalves | Hydrodeoxygenation of m-cresol over nickel and nickel phosphide based catalysts. Influence of the nature of the active phase and the support[END_REF][START_REF] Gonçalves | Kinetics of the hydrodeoxygenation of cresol isomers over Ni2P/SiO2: Proposals of nature of deoxygenation active sites based on an experimental study[END_REF][START_REF] Gonçalves | Hydrodeoxygenation of Cresols Over Mo/Al2O3 and CoMo/Al2O3 Sulfided Catalysts[END_REF][START_REF] Gonçalves | Effect of the support on the hydrodeoxygenation of m-cresol over molybdenum oxide based catalysts[END_REF][START_REF] Gonçalves | Effect of P/Ni ratio on the performance of nickel phosphide phases supported on zirconia for the hydrodeoxygenation of m-cresol[END_REF],

it can be admitted that the transformation of phenolic compounds proceeds mainly via two parallel routes. Products of m-cresol ring hydrogenation are favored over NiCo catalysts, and are formed by the so-called HYDdrogenation route, which proceeds from the adsorption of m-cresol leading first to 3-methylcyclohexanone. The hydrogenation of its C=O bond leads to 3-methylcyclohexanol. This alcohol was never observed in these experimental conditions owing to its high reactivity through dehydration reaction. Such results were also described in the literature when acid supports like Al2O3 were used for HDO of alkylphenols [START_REF] Gonçalves | Effect of the support on the hydrodeoxygenation of m-cresol over molybdenum oxide based catalysts[END_REF][START_REF] Romero | Hydrodeoxygenation of 2-ethylphenol as a model compound of bio-crude over sulfided Mo-based catalysts: Promoting effect and reaction mechanism[END_REF][START_REF] Bouvier | Effect of H2S and CO on the transformation of 2-ethylphenol as a model compound of bio-crude over sulfided Mobased catalysts: propositions of promoted active sites for deoxygenation pathways based on an experimental study[END_REF].

The acidity of the catalytic support alone, determined by NH3-TPD, was close to 1.04 mol g -1 , which was practically unmodified in the presence of reduced Ni and/or Co nanoparticles (Table 2). Methylcylohexene isomers (MCHes) were hence produced from dehydration of 3methylcyclohexanol, which may occur on alumina acid sites. Interestingly, 1methylcyclohexene was always the main alkene isomer instead of the expected isomers, being about 63 mol% of all alkene isomers (Table 4). This value was close to the percentage calculated from thermodynamics (65 mol%), suggesting isomerization until thermodynamic equilibrium [START_REF] Peereboom | Experimental and calculated thermodynamic data for the isomeric methylcyclohexenes and methylenecyclohexane[END_REF]. This observation was also reported for catalysts exhibiting acidic properties [START_REF] Gonçalves | Hydrodeoxygenation of Cresols Over Mo/Al2O3 and CoMo/Al2O3 Sulfided Catalysts[END_REF][START_REF] Gonçalves | Effect of the support on the hydrodeoxygenation of m-cresol over molybdenum oxide based catalysts[END_REF].

By the HYD route, methylcyclohexane is then obtained via the alkene hydrogenation.

The other pathway leads to the direct scission of C-O bond forming toluene being called direct deoxygenation (DDO route). The proposed reaction pathways for the transformation of mcresol is shown in Scheme 1.

The addition of nickel in the Co/Al2O3 strongly enhances the hydrogenating properties of the solid, which can be seen by the ratio of methylcyclohexane to methylcyclohexenes that increases with Ni content (Table 4). This result is expected since nickel is known for its ability to hydrogenate even hard refractory aromatics such as benzene [START_REF] Mokrane | Benzene hydrogenation over aluminasupported nickel nanoparticles prepared by polyol method[END_REF]. From the aromatic selectivity order, NiCo catalyst tends to break the C-O bond leading to toluene by increasing the Co content, even if it is in a small extent. Indeed, the synergistic effect between cobalt and nickel forming an alloy increases the metal dispersion and leads to a stronger catalytic site compared to the physical mixture. Ni/(Co+Ni)

  concentrations of m-cresol in the feed and in the collected liquid sample; i C is the molar concentration of a given product.

  Co/Al2O3 > NiCo (1:3)/Al2O3 > NiCo (1:1)/Al2O3 > NiCo (3:1)/Al2O3 > Ni/Al2O3, which is the expected order since NiO has the lowest hydrogen consumption and the spinel Co3O4 the highest one. In the case of Co/Al2O3, the first reduction peak is attributed to the reduction of Co3O4 into CoO (360 ºC) and the second one to the reduction of CoO to metallic Co (574 ºC)[START_REF] Ji | Comparative study on the formation and reduction of bulk and Al2O3-supported cobalt oxides by H2-TPR technique[END_REF][START_REF] Jacobs | Fischer-Tropsch synthesis: support, loading, and promoter effects on the reducibility of cobalt catalysts[END_REF]. For Ni/Al2O3, a wide reduction peak is observed at 665 ºC for the reduction of NiO small crystallites into Ni(0). A small shoulder at 824 ºC is due to the reduction of spinel NiAl2O4[START_REF] Andonova | Structure and redox properties of Co promoted Ni/Al 2 O 3 catalysts for oxidative steam reforming of ethanol[END_REF][START_REF] Zhang | Effect of preparation method on structural characteristics and propane steam reforming performance of Ni-Al 2 O 3 catalysts[END_REF][START_REF] Zhang | Selective catalytic reduction of nitric oxide with propane over Ni-Al 2 O 3: effect of Ni loading[END_REF]. It can be seen that the addition of nickel seems to favor the reduction of Co3O4 into CoO. Indeed, the peak observed at 360 °C without Ni shifts to lower temperature in the presence of Ni, which appeared at 287 °C for NiCo(3:1)/Al2O3. For the three solids having both Ni and Co, the reduction peaks of NiO and CoO species appearing between 400 and 800 °C became much closer; a single peak at around 550 °C is noted for the sample with the Ni to Co ratio equal to 3:1. This result indicates the formation of a bimetallic alloy Ni-Co

Fig. 3

 3 Fig. 3 displays the XRD diffraction patterns of Ni, Co and CoNi catalysts after being

  order to highlight the promoting effect in HDO of the presence of Ni-Co alloy instead of neighboring Ni and Co metallic phases, the catalytic properties of NiCo(3:1)/Al2O3 were compared to the ones of a mechanical mixture composed by 75 wt.% of Ni/Al2O3 and 25 wt.% of Co/Al2O3. As highlighted in Fig. 7, the former was about 1.7 times more active than the latter, showing the advantage of the presence of Ni-Co alloys to favor the HDO catalytic properties of bimetallic Ni-Co solids, especially when NiCo(3:1) phase was formed.

Fig. 9

 9 Fig. 9 displays the influence of time on stream on both conversion and selectivity for the transformation of m-cresol (τ = 5 g h mol -1 ) over NiCo (3:1)/Al2O3 under 4 MPa and 340

4 Conclusion

 4 In this work, the hydrodeoxygenation of m-cresol was carried out at 340 °C under 4 MPa over monometallic Ni and Co nanoparticles and various bimetallic Ni-Co systems, all metallic phases were supported on Al2O3. It was demonstrated that NiCo alloys were formed in bimetallic systems. The catalyst having a Ni/Co atomic ratio close to 3 (NiCo(3:1)/Al2O3) was the most active one. A synergistic effect between Ni and Co due to the presence of NiCo alloy was highlighted. Nickel enhanced the hydrogenating properties of the catalyst whereas the addition of cobalt favored the deoxygenation rate of m-cresol due to the presence of CoNi nanoparticles which favored the formation of oxygen vacancy acting as deoxygenation active site. All catalysts remained stable during experimental conditions despite carbon deposition probably due to the high hydrogen pressure.
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Table 1 .

 1 Textural properties

		Content						
					Oxide samples			Reduced samples	
		(wt.%)						
				SBET	Pore volume	Average pore	SBET	Pore volume	Average pore
	Solid	Ni	Co						
				(m 2 g -1 )	(cm³ g -1 )	diameter (nm)	(m 2 g -1 )	(cm³ g -1 )	diameter (nm)
	Al2O3	-	-	251	0.77	12	-	-	-
	Ni/Al2O3	9.7	-	197 (225) a	0.54 (0.62) a	11	193 (220) a	0.53 (0.60) a	10
	NiCo(3:1)/Al2O3	7.4	2.7	196 (225) a	0.52 (0.60) a	10	190 (218) a	0.51 (0.58) a	10
	NiCo(1:1)/Al2O3	5.1	5.3	191 (220) a	0.51 (0.59) a	10	187 (215) a	0.51 (0.59) a	10
	NiCo(1:3)/Al2O3	7	2.7	186 (212) a	0.49 (0.56) a	10	183 (209) a	0.49 (0.56) a	10
	Co/Al2O3	-	10.1 194 (223) a	0.52 (0.60) a	11	192 (220) a	0.51 (0.58) a	11

a: in brackets are values determined after correction due to the contribution of the weight gain consecutive to the introduction of oxide phases

Table 2 .

 2 Properties of the catalysts

		CO uptake	H2 theoretical	H2-TPR	NH3-TPD	a (Å) b	D c
	Catalyst				uptake		
		(µmol g -1 )	uptake a (µmol g -1 )	uptake (µmol g -1 )	(µmol g -1 )		(nm) c
	Al2O3	0	0	0	1.04	-	-
	Ni/Al2O3	35	1.7	1.8	1.06	3.5347	3.5
	NiCo(3:1)/Al2O3	46	1.8	2.0	nd	3.5374	4.7
	NiCo(1:1)/Al2O3	30	2.0	2.2	1.05	3.5412	6.4
	NiCo(1:3)/Al2O3	22	2.1	2.3	nd	3.5448	8
	Co/Al2O3	18	2.3	2.4	1.03	3.548	6.5
	a: calculated from NiO + H2 → Ni 0 + H2O and Co3O4 + 4H2 → 3Co 0 + 4H2O			
	b: lattice parameter determined from XRD using Rietveld refinements.			

Table 3 .

 3 Carbon content in the spent catalysts after 25 h on stream at 4 MPa and 340 ºC.

	Catalyst	C (wt %)
	Ni/Al2O3	4.7
	NiCo(3:1)/Al2O3	5.8
	NiCo(1:1)/Al2O3	4.7
	NiCo(1:3)/Al2O3	5.0
	Co/Al2O3	5.6

Table 4 .

 4 Product distribution of m-cresol at 340 °C under 4 MPa of total pressure over NiCo/Al2O3.

	Catalyst	τ	XCRE	kTOT b	TOF		Selectivity (mol %)		1-MCHe/	MCH/	HDO
		(g h mol -1 )	(%)	(mmol g -1 h -1 )	(h -1 )	Tol 3-MCHnone MCHes	MCH	MCHes c	MCHes d	(mol %) e
	Ni/Al2O3	5.0	19.2	42.6	1217	1.4	15.3	34.1	49.0	0.63	1.4	84
	NiCo(3:1)/Al2O3	5.0	22.3	50.4	1096	1.5	10.1	32.7	55.7	0.63	1.7	90
	NiCo(1:1)/Al2O3	9.0	19.9	27.8	927	1.7	9.2	34.8	54.3	0.64	1.6	91
	NiCo(1:3)/Al2O3	20.0	22.3	13.2	600	2.0	7.9	39.9	50.2	0.63	1.3	92
	Co/Al2O3	41.0	20.8	5.7	317	6.1	3.9	49.0	41.0	0.64	0.8	96
	Ni/Al2O3 +	8.0	20.7	29.0	nd	1.6	12.6	34.5	51.3	0.643	1.5	87
	Co/Al2O3 a											
	a: Physical mixture of 0.75 Ni/Al2O3 and 0.25 Co/Al2O3							
	b: standart deviation of rate constants close to 5%								
	c 1-MCHe/MCHEs: ratio of 1-methylcyclohexene on all methylcyclohexene isomers					
	d: MCH/MCHes: ratio of methylcyclohexane on all methylcyclohexene isomers					
	e: HDO: percentage of deoxygenated products								
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