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Resumen

La acumulación de gases de efecto invernadero, derivados del ingente consumo de combustibles fósiles es un factor que agrava el calentamiento global responsable del cambio climático acelerado que se observa en la actualidad. Así, es necesario generar nuevas fuentes de productos químicos para la industria, a fin de reducir nuestra dependencia del petróleo, y utilizar fuentes renovables, como los desechos agroindustriales. Actualmente, existen tecnologías capaces de convertir estos residuos en un líquido conocido como "bio-oil" el cual es una mezcla compleja de compuestos oxigenados como fenoles, ácidos carboxílicos y compuestos carbonílicos. La presencia de estos compuestos oxigenados conduce a una baja estabilidad, alta corrosividad y bajo poder calorífico, por lo que es necesario llevar a cabo un proceso de hidro desoxigenación para lograr aprovechar esta nueva fuente de productos químicos a nivel industrial.

El objetivo principal de la presente investigación es sintetizar una serie de catalizadores Core@Shell basados en metales de transición de costo moderado como cobalto, cobre y níquel para la conversión de guayacol en condiciones de reactor en lote como molécula modelo de "bio-oil".

Adicionalmente, se estudió el efecto sobre la actividad catalítica y la selectividad al cambiar la composición del núcleo metálico, así como al hacer uso de ácido salicílico o catecol como modificadores de la superficie XIX metálica. La presencia de estos modificadores cambia las interacciones formadas entre la fase metálica y la matriz de sílice, así como la superficie activa del metal, lo que conduce a una mayor selectividad hacia productos de interés industrial como ciclohexanol o benceno. Esta variación en selectividad puede ser acompañada, en algunas de las muestras, por un incremento de la actividad catalítica observada.

Durante el proceso de preparación de los materiales, se evaluó dos metodologías sintéticas a partir de los materiales basados en cobalto. Una de ellas consistió en una ruta en dos etapas, en donde la fase metálica precursora se obtuvo a partir de óxido de cobalto calcinado, el cual fue cubierto por una capa de sílice mediante un proceso sol-gel, y se comparó el efecto de adicionar ácido salicílico. En este caso, se obtuvo nanopartículas con una arquitectura Core@Shell definida, y en el caso del uso de ácido salicílico, se observó la formación de una separación entre la fase metálica y la cáscara de sílice, que provocó un incremento en la actividad del catalizador junto con una mayor selectividad hacia ciclohexanol, comparado con el material sin modificar. En la segunda ruta, se utilize un enfoque tipo "one-pot", en donde la sal de cobalto (II) se precipitó con amoniaco, y luego se hizo reaccionar este material con el precursor de la matriz de sílice, y se compararon las diferencias entre esta ruta, así como el uso de ácido salicílico como modificador. En este caso, la morfología observada consiste en una matriz de sílice extendida, conformada por una mezcla de cobalto y silicatos XX de cobalto. La modificación con ácido salicílico ayuda a reducir la formación de la especie inactiva de silicato de cobalto, lo que mejora la actividad catalítica del material. En ambos casos, la adsorción del ácido salicílico sobre la superficie del precursor de cobalto es el fenómeno responsable de los cambios observados, al interferir con la interacción entre los oligómeros precursores de sílice y la fase metálica. Este aditivo es destruido durante el tratamiento térmico posterior, lo que permite obtener sitios con vacancias de coordinación, que mejoran la actividad catalítica.

Síntesis posteriores de otros catalizadores fueron realizadas utilizando la ruta "one-pot". Aquí, se estudió el efecto al utilizar níquel, cobalto y formulaciones bimetálicas en presencia de catecol o ácido salicílico en concentraciones variables como modificadores de la superficie. En general, el uso de ácido salicílico fue beneficioso para los catalizadores basados en níquel hasta una proporción de 12% molar. Los factores asociados a esta mejora en actividad son la modulación de la formación de especies de filosilicato de níquel y el incremento de la dispersión de la fase metálica a través de toda la extensión del material. Después de 12% molar, se observó una caída brusca de la actividad, relacionada con un tamaño de partícula muy pequeño, que conduce a una adsorción deficiente del sustrato; esto indica un grado de sensibilidad estructural para la conversión de guayacol sobre catalizadores basados en níquel. La modificación con catecol produce diferentes efectos sobre la actividad catalítica de los sistemas estudiados, con una dependencia XXI del tipo de metal empleado. En este caso, las propiedades REDOX del modificador conducen a la formación de una mayor proporción de fase metálica durante el proceso de síntesis, lo que disminuye la producción de especies de filosilicato de níquel activas para la conversión de guayacol, en tanto que para los catalizadores de cobalto, este fenómeno causa un incremento en la actividad al comparar contra el tratamiento con ácido salicílico -ambos al 6% molar -pero este efecto se ve anulado a altas concentraciones de catecol, donde la actividad catalítica decrece marcadamente al sobrepasar un 6% molar para ambos materiales. Lo anterior se debe, presumiblemente, a la polimerización oxidativa del catecol catalizada por los metales empleados, que inhibe la formación de partículas pequeñas en ambos casos.

Para los sistemas bimetálicos estudiados, se observó que la formulación más activa fue aquella basada en Co y Ni en una relación molar 1 a 1, debido a efectos sinergéticos relacionados con la formación de filosilicatos de níquel, transferencia de densidad electrónica entre los metales así como a la aparición de especies de hidrógeno "spill-over" que produce un incremento en la estabilidad de los materiales analizados, según pruebas en reactor en flujo continuo. El uso de Cu en las formulaciones conduce a una mejora de la reducibilidad de los materiales, conducente a un incremento de la capacidad de hidrogenación de los materiales empleados, lo que incrementa el rendimiento de productos saturados. No obstante, este efecto no se ve XXII reflejado en la actividad catalítica del sistema Ni-Cu, mientras que en el sistema Co-Cu, se observa un aumento de la actividad.

En conclusión, el uso de moléculas orgánicas como modificadores de fases catalíticamente activas, en conjunto con una ruta de síntesis tipo sol-gel permite obtener catalizadores con una actividad catalítica aumentada, con posibilidad de modificar la selectividad de los materiales. Esto, en combinación con el uso de formulaciones bimetálicas abre una nueva ruta para el desarrollo de nuevos materiales catalíticos que emplea una metodología fácil para el ajuste de las propiedades de los catalizadores basados en materiales disponibles para generar productos de interés a partir de residuos de biomasa.
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Abstract

The reduction of available oil for consumption by our society is a fact that might challenge our current lifestyle. In addition, there is the impact of the consumption of fossil fuels on the concentration of greenhouse effect gases, increasing them further and leading to global warming. For those reasons, it is necessary to change our commodities sources from oil-based to renewable sources such as agricultural residues. There are technologies that allow the transformation of the biomass residues into either gas or liquid form; the liquid, called bio-oil, is a complex mixture of oxygenated compounds including phenols, carboxylic acids, and carbonyl compounds. The high oxygen content of the mixture restricts its use and further processing, requiring an upgrading by hydrotreatment to enhance its stability and calorific power.

The main goal of the present research is to synthetize a series of Core@Shell catalysts based on cheap and available transition metals like cobalt, copper and nickel. Also, modifications of the composition of the core and treatment with a surface modifier like salicylic acid or catechol coupled were analyzed, studying changes in activity and selectivity of the catalysts for the conversion of guaiacol as a model compound of lignin-derived bio-oil in batch-reactor conditions. The presence of modifiers leads to changes in the interactions between the metal phase and the silica matrix and variations in the surface of the active phase, leading to a raised selectivity towards value-added products XXIV like cyclohexanol and benzene, with an increased activity of some of the samples.

As a first approach, two synthetic routes were examined, using cobalt as the active phase. One of them involved the use of a calcined cobalt oxide precursor, and cover it by reacting an appropriate silica precursor, either alone or modified with salicylic acid. With this method, defined core@shell particles were obtained, and the use of salicylic acid leads to the apparition of an interlayer space between the cobalt core and the silica shell. This is accompanied by an increase in the activity of the catalyst, with an increased yield of cyclohexanol. In the second route, a one-pot stage was employed, where the cobalt (II) cation was precipitated by using ammonia, and over this precipitate the growth of the silica was performed. In this case, the morphology of the catalyst resembles an extended silica matrix, where a mixture of cobalt and cobalt silicate species is present. In this case, the salicylic acid prevents the formation of an inactive cobalt silicate phase, enhancing the activity of the catalyst. In both cases, the effect obtained derives from the modification of the cobalt surface by the adsorbed salicylic acid, that reduces the interaction between the silica oligomers and the cobalt phase. This modifier is destroyed during the thermal treatment, leaving coordinatively unsaturated sites with higher activity than the ones obtained without said modification.

XXV

Subsequent syntheses of catalysts were carried out using the one-pot approach on a series of cobalt, nickel and bimetallic catalysts modified with different concentrations of catechol or salicylic acid. The use of salicylic acid proved to be beneficial in both cobalt and nickel-based catalysts, enhancing the activity in a direct relation with the loaded salicylic acid. The main factors involved in this promoting effect are the tuning of the formation of silicate phases with a dispersing effect of the metallic phase throughout the catalyst.

However, this effect reaches an optimum value around 15% molar based on the metal, when the crystallite size becomes so small that the conversion of guaiacol is disfavored, indicating a structure-sensitivity of the guaiacol hydroconversion over the nickel-based systems. The modification with catechol has different effects in the activity of catalytic systems, depending on the metal employed. Herein, the REDOX properties of the modifier lead to the formation of more metallic phase during the synthesis, that reduces the production of phyllosilicate species of nickel that are active for the conversion of guaiacol, whilst for the cobalt catalysts, this treatment enhances the activity compared to the treatment with salicylic acid using a 6% molar. Nevertheless, higher loads of catechol lead to a sharp decrease in activity in both systems, due to the polymerization of the catechol that obstructs the formation of small size particles in the case of cobalt-based catalyst, whilst for the nickel based systems, an increased formation of an inactive 1:1 Ni:Si phyllosilicate phase is responsible to the observed decrease in activity.

XXVI

For the bimetallic systems studied, it was observed that the most active formulation consisted in a 1 to 1 Co to Ni material, due to synergistic effects related to the enhanced formation of nickel phyllosilicate, as well as a raised formation of spill-over species of hydrogen, that lead to an increased stability of the formulation, as determined by continuous flow reactor experiments.

The use of Cu as a metal improves the reducibility of the catalysts, that improves their hydrogenating activity, raising the yields of saturated products.

However, this improved reducibility has little effect on the catalytic activity in a Ni-Cu system; whilst in the Co-Cu system, this leads to a raise in the activity of the catalyst.

In conclusion, the use of organic molecules as modifiers of the catalytic phases, using a sol-gel based route of preparation allows for the obtention of catalysts with enhanced activity, and possible modification of the selectivity of the materials. This, in combination with bimetallic formulations opens a new venue for the development of catalytic materials using a facile methodology for tuning the catalysts based on cheaper metals to generate selected products.
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Résumé

La diminution du pétrole disponible pour la consommation de notre société est une réalité qui va mettre au défi notre mode de vie. De plus, il y a l'impact de la consommation d'énergies fossiles sur la concentration de gaz à effet de serre, qui en les augmentant favorise le réchauffement de la planète. Pour cette raison, il est nécessaire de changer nos sources de matières premières à base de pétrole vers des sources renouvelables, par exemple les déchets agricoles. Il y a des technologies qui permettent de transformer des déchets de la biomasse en gaz ou liquide. Ce liquide, connu sous le nom bio-oïl est un mélange complexe, composé de phénols, acides carboxyliques et autres. En première approche, la préparation des catalyseurs de Cobalt par deux méthodes différentes a été privilégiée. L'une a utilisé de l'oxyde de cobalt pour la synthèse du catalyseur, que l'on a fait réagir avec une source de silice seule ou avec de l'acide salicylique pour modifier le matériel. Avec cette méthode, des particules ayant une structure coeur-coquille sont obtenues, et l'utilisation de l'acide salicylique permet d'obtenir une grande augmentation de la vitesse de réaction pour la conversion du guaiacol, ainsi qu'une plus haute sélectivité vers le cyclohexanol. Dans la deuxième approche, la synthèse « one-pot » a été utilisée, le cation a réagi avec l'ammoniac pour obtenir de l'hydroxyde, celui-ci a alors permis la croissance de la silice. Dans ce cas, le matériel obtenu a une structure comme un réseau étendu, où un mélange de silicate de cobalt et de cobalt est présent. L'utilisation de l'acide salicylique empêche ou réduit la formation du silicate de cobalt, qui est inactif pour la conversion du guaiacol. Ainsi, l'effet observé est une augmentation de l'activité du catalyseur. La cause des effets observés est l'utilisation de l'acide salicylique pour modifier le catalyseur qui conduit à une modification de la surface du cobalt, avec une réduction de l'interaction entre la silice et le cobalt. Cette modification est détruite par la calcination du matériel, qui mène XXIX à la production de sites ayant une plus haute activité pour la conversion du guaiacol.

Les préparations subséquentes ont été réalisées par la méthode « one-pot » pour obtenir des familles de catalyseurs cobalt, nickel et bimétalliques, qui pourraient être modifiées avec catéchol ou acide salicylique en différentes concentrations. Dans tous les cas, l'usage de l'acide salicylique a été bénéfique pour les catalyseurs cobalt et nickel : la vitesse de réaction pour la conversion du guaiacol est proportionnelle avec la quantité d'acide ajouté. Le principal facteur de l'effet obtenu est le réglage de la formation de phases de silicate avec une meilleure dispersion du métal tout au long du catalyseur.

Toutefois, cet effet est valable jusqu'à une concentration de 15% par mole ; après cette valeur, les particules de nickel sont très petites, donc la conversion du guaiacol s'en trouve diminuée, preuve d'une réaction avec une sensibilité structurelle. La modification avec le catéchol a des effets différents sur l'activité catalytique en fonction du métal utilisé. Ici, les propriétés REDOX du modificateur organique implique la formation de plus de phase métallique durant la synthèse, ce qui réduit la formation du phyllosilicate du nickel bénéfique pour la conversion du guaiacol, tandis que pour le catalyseur de cobalt, l'activité s'améliore par rapport au catalyseur modifié avec l'acide salicylique. Néanmoins, l'usage de quantités élevées de modificateurs conduit à la perte brusque d'activité des catalyseurs, car il y a formation de polymères de catéchol qui empêchent la formation des petites particules XXX dans le cas du catalyseur de cobalt, ou pour le catalyseur de nickel, qui augmentent la formation d'une phase inactive du silicate de nickel.

Pour les catalyseurs bimétalliques étudiés, le matériel le plus actif fut celui constitué en Co et Ni dans une proportion une à une, grâce aux effets synergétiques de la formation du nickel phyllosilicate et la production élevée des espèces « Spill-over » d'hydrogène. Les deux facteurs combinés permettent d'obtenir un catalyseur actif et avec une stabilité augmentée par rapport à un catalyseur monométallique. L'addition du cuivre améliore la réductibilité des catalyseurs, donc leur capabilité pour hydrogéner tout comme l'obtention de produits comme le cyclohexane. Néanmoins, l'effet sur l'activité du catalyseur Cu/Ni est négligeable, alors que pour le catalyseur Co/Cu, l'usage du cuivre éleve l'activité pour la conversion du guaiacol.

En conclusion, l'emploi de molécules organiques pour modifier des phases catalytiques, combiné avec l'usage d'une route «one-pot » pour préparer les matériels, permettent d'obtenir des catalyseurs avec une activité plus élevée, et une possibilité de modifier la sélectivité des matériaux. Ainsi, l'usage de ces modificateurs, combiné à des formulations bimétalliques ouvre une nouvelle voie pour développer de nouveaux catalyseurs avec une activité et une sélectivité ajustable, basé sur des métaux bon marché.

I. Introduction

The diminution of the available oil for use in economic activities is a reality in modern society. This fact, which points to an economical decline, and the concerns brought by climate change as a consequence of the emission of greenhouse effect gases, are the force behind the gradual change of our energy matrix towards more sustainable sources, like lignocellulosic residues or biogas. [START_REF] Lambert | Energy, EROI and quality of life[END_REF][START_REF] Murphy | Energy return on investment, peak oil, and the end of economic growth[END_REF][START_REF] Hall | EROI of different fuels and the implications for society[END_REF] From this perspective, the conversion of agroindustry waste offers an attractive technical option, because there are methodologies for the transformation of such materials into a liquid mixture, bio-oil, by means of a fast pyrolysis process. The bio-oil thus obtained is a complex mixture of phenols, carboxylic acids, aldehydes and ketones; this mixture has a high oxygen content, low calorific power, is corrosive and unstable [START_REF] Bridgwater | Review of fast pyrolysis of biomass and product upgrading[END_REF][START_REF] Roy | Prospects for pyrolysis technologies in the bioenergy sector: A review[END_REF][START_REF] Mortensen | A review of catalytic upgrading of bio-oil to engine fuels[END_REF][START_REF] Runnebaum | Catalytic conversion of compounds representative of lignin-derived bio-oils: A reaction network for guaiacol, anisole, 4-methylanisole, and cyclohexanone conversion catalysed by Pt/ -Al2O3[END_REF]. Due to these reasons, it is necessary to employ model compounds for an easier study of the conversion of bio-oil; for this research project, it is proposed to employ guaiacol as a representative molecule of bio-oil. The presence of methoxy and phenol groups in guaiacol allows us to evaluate the activity in the elimination of phenolic compounds derived from the thermal degradation of lignin. Those compounds are recalcitrant and can corrode the engines due to their acidity and ability to form complexes with many metals, making the inadequate for current engines. [START_REF] Lu | Overview of fuel properties of biomass fast pyrolysis oils[END_REF]. 

Conversion by catalytic Hydrotreating (catalytic hydro conversion)

In the preceding section, it was commented that the high oxygen content of bio-oil leads to problems of stability and corrosivity. Aiming to reduce the oxygen content of bio-oil, it is possible to employ hydrotreating processes like those employed in the petrochemical industry. Nevertheless, this process must employ the lowest quantity of hydrogen to make it economically viable and to preserve the aromatic systems of the molecules. In Figure 2 it is shown a simplified reaction network for guaiacol (1). For this purpose, there has been a myriad of approaches. The study of catalysts employed in the hydrodesulfurization (HDS) and the hydrodenitrogenation (HDN) of oil like supported sulfides of molybdenum promoted with cobalt and nickel supported over alumina, zirconia or activated carbon has shown that those materials have can significantly reduce the oxygen content of the substrates. Nevertheless, they need a continuous feed of hydrogen sulfide to prevent the loss of activity due to lixiviation of sulfide from the active phase, catalyst oxidation or poisoning due to the water, ammonia or other components that may be present during the hydrotreating.

However, some new formulations based on supported CoMoS and NiMoS phases supported over zirconia have shown an outstanding activity for the conversion of guaiacol to phenol and to a lesser extent benzene [START_REF] Bui | Hydrodeoxygenation of guaiacol. Part II: Support effect for CoMoS catalysts on HDO activity and selectivity[END_REF][START_REF] Laurent | Study of the hydrodeoxygenation of carbonyl, carboxylic and guaiacyl groups over sulfided CoMo/ -Al2O3and NiMo/ -Al2O3catalyst. II. Influence of water, ammonia and hydrogen sulfide[END_REF][START_REF] Ferrari | Influences of the hydrogen sulfide partial pressure and of a nitrogen compound on the hydrodeoxygenation activity of a CoMo/carbon catalyst[END_REF][START_REF] Laurent | Influence of oxygen-, nitrogen-, and sulfurcontaining compounds on the hydrodeoxygenation of phenols over sulfided cobalt-molybdenum/.gamma.-alumina and nickelmolybdenum/.gamma.-alumina catalysts[END_REF][START_REF] Laurent | Influence of water in the deactivation of a sulfided NiMo -Al2O3 catalyst during hydrodeoxygenation[END_REF][START_REF] Mortensen | Deactivation of Ni-MoS2by bio-oil impurities during hydrodeoxygenation of phenol and octanol[END_REF].

The conversion of guaiacol or other similar substrates, like phenol or anisole has been extensively investigated. For Ni-based systems supported over SiO2, there is a relationship between the degree of conversion of phenol and particle size in the catalyst. The observed trend is that smaller particles lead to lower conversion, with enhanced selectivity towards deoxygenated products without hydrogenation of the aromatic ring. With other support, Al-MCM-41, a Co-based catalyst exhibited a higher selectivity to produce aromatic compounds compared to a Ni-based catalyst. In the study of other systems comprised of sulfided Mo/Co against Co, Ni, Pt or Pd supported over SiO2, there was a 50% of selectivity to benzene for the Co-based catalyst; for the other systems under study, the main products were fully hydrogenated compounds like cyclohexane. Other systems, based on Pt supported over mesoporous silicas or zeolites yielded mainly cyclohexane as their product, with an acidity-dependent activity [START_REF] Lee | Hydrodeoxygenation of guaiacol over Pt loaded zeolitic materials[END_REF][START_REF] Mortensen | Influence on nickel particle size on the hydrodeoxygenation of phenol over Ni/SiO2[END_REF][START_REF] Tran | Vapor-phase hydrodeoxygenation of guaiacol on Al-MCM-41 supported Ni and Co catalysts[END_REF][START_REF] Mochizuki | Environmental Deoxygenation of guaiacol and woody tar over reduced catalysts[END_REF]. A bimetallic catalyst based on Ni and Cu covered with SiO2 exhibits a high activity in the conversion of guaiacol; however, the main product obtained was cyclohexane. Other systems, with the same active metals but supported over SiO2-ZrO2 showed the same catalytic behavior, while a Rh/ZrO2 catalyst exhibited a temperature-dependent yield of products, with cyclohexane being the main product at 300 °C and 7 MPa of H2 pressure [START_REF] He | Hydrodeoxygenation of guaiacol as a model compound of lignin-derived pyrolysis bio-oil over zirconiasupported Rh catalyst: Process optimization and reaction kinetics[END_REF][START_REF] Bykova | Stabilized Ni-based catalysts for bio-oil hydrotreatment: Reactivity studies using guaiacol[END_REF][START_REF] Zhang | Characterization and catalytic properties of Ni and NiCu catalysts supported on ZrO2-SiO2 for guaiacol hydrodeoxygenation[END_REF]. Also, systems supported over carbon with Pd as active phase and promoted with Fe have been studied for the conversion of guaiacol in the gas phase, showing a yield up to 70 % to benzene with almost total conversion. Another example, involving the use of Pd or PdRe based catalyst supported over activated carbon for the HDO of guaiacol has exhibited a higher hydrogenation activity for the Pd based system, with cyclohexanol as the main component of the product up to 50%. For the PdRe system, there was a raise in the benzene's selectivity of up to 40%. If the substrate is anisole, the benzene selectivity increased up to 60% [START_REF] Thompson | Vapor-phase hydrodeoxygenation of guaiacol over carbon-supported Pd, Re and PdRe catalysts[END_REF]24].

The conversion of guaiacol and rice husk bio-oil has been described, using a Rh or Pd based catalyst supported on zirconia; this system showed high activity, with paraffins as the main products for the conversion of guaiacol and a diminished O content for the bio-oil [25]. Other report, where the steam reforming of guaiacol over Ni-based catalyst was studied, showed that the major products obtained were phenolic compounds, with deactivation due to coking of the catalyst [START_REF] Zhang | Steam reforming of guaiacol over Ni/SiO2 catalyst modified with basic oxides: Impacts of alkalinity on properties of coke[END_REF]; other Ni catalyst, supported over Beta zeolite, showed a favorable yield towards cyclohexane, with modulation on selectivity due to the acidity of the catalyst [START_REF] Yan | The role of acid and metal sites in hydrodeoxygenation of guaiacol over Ni/Beta catalysts[END_REF].

Core@Shell Nanoparticles and Catalysis

An alternative to the supported materials is the use of Core@Shell nanoparticles. Those materials are composed of two main parts: a core that serves as a nucleus and the shell that covers this core. This kind of nanoparticles can be made into many architectures, which allows for a wide range of possibilities in the field of heterogeneous catalysis. The use of this kind of materials can improve the stability of the catalysts, while the porosity of the shell can be fine-tuned, which in turn can enhance selectivity by means of the structure of the pores [START_REF] Zhang | Core-shell nanostructured catalysts[END_REF][START_REF] Chaudhuri | Core/Shell Nanoparticles: Classes, Properties, Synthesis Mechanisms, Characterization, and Applications[END_REF]. Some of the usual architectures for these materials are shown in Figure 3. Mobile core, hollow shell. Taken from [START_REF] Wang | CO2reforming with methane over small-sized Ni@SiO2catalysts with unique features of sintering-free and low carbon[END_REF].

There are reports of catalysts Ni@SiO2 in the obtention of hydrogen from methane dry reforming, the reforming of CO2 in the presence of methane and in the reforming of acetic acid in the presence of water. The presence of the mesoporous silica shell prevents sintering of the active phase and prevents the deposition of coke over the active phase due to the reduced space for the growing of carbon. Both factors help to increase the stability of the catalyst compared to supported materials or uncovered Ni nanoparticles in the case of the dry methane reforming or in the presence of CO2 [START_REF] Wu | Catalytic Methane Decomposition to Hydrogen over a Surface-Protected Core-Shell Ni@SiO2Catalyst[END_REF][START_REF] Wang | CO2reforming with methane over small-sized Ni@SiO2catalysts with unique features of sintering-free and low carbon[END_REF]. In the acetic acid reforming, the difference in the material of the shell as well as modifications of the nickel core over the catalytic behavior has been studied [START_REF] Pu | Core-shell nickel catalysts for the steam reforming of acetic acid[END_REF][START_REF] Pu | Ceria-promoted Ni@Al2O3core-shell catalyst for steam reforming of acetic acid with enhanced activity and coke resistance[END_REF][START_REF] Pu | Effect of ceria addition on Ni[sbnd]Ru/CeO2[sbnd]Al2O3catalysts in steam reforming of acetic acid[END_REF]. It was found that using amorphous alumina allows a better diffusion of the reactants to the metallic core and an increased conversion of acetic acid. In the case of the silica shell, it hinders the access of the reactants to the metallic core and a decrease in the conversion of the acetic acid was observed. The presence of ceria in the surface of the nickel core has a beneficial effect, enhancing its stability in the steam reforming of the acetic acid by reduction of coking.

Other uses of these nanoparticles include the obtention of hydrogen from aqueous solutions of formaldehyde with Fe3O4 nanoparticles covered with mesoporous silica and impregnated with Cu [START_REF] Ji | Catalytic activity of core-shell structured Cu/Fe3O4@SiO2microsphere catalysts[END_REF]. Ni nanoparticles covered by atomic deposition of alumina for the dry reforming of methane, with high resistance towards sintering and almost quantitative conversion [START_REF] Baktash | Alumina coated nickel nanoparticles as a highly active catalyst for dry reforming of methane[END_REF]. The obtention of ethylene from methanol in presence of ZSM-5@MnO up to 36% of selectivity and a yield of 29 % has been reported [START_REF] Khaledi | On the catalytic properties and performance of core-shell ZSM-5@MnO nanocatalyst used in conversion of methanol to light olefins[END_REF] as well as a catalyst comprised of a Fe2O3 core and a shell of SiO2 with tunable selectivity towards C2 to C4 products over methane in the Fischer-Tropsch process [START_REF] Yu | Fischer-Tropsch synthesis over methyl modified Fe2O3@SiO2catalysts with low CO2selectivity[END_REF], and another system employs a Pd@m-SiO2 catalyst for the conversion of fatty acid esters into diesel-range hydrocarbons [START_REF] Cao | Al-modified Pd@mSiO2 core-shell catalysts for the selective hydrodeoxygenation of fatty acid esters: Influence of catalyst structure and Al atoms incorporation[END_REF]. In conclusion, this type of materials offers outstanding qualities like high thermal resistance, diminished sintering, and a lower deactivation by deposition of coke, while offering the possibility to fine-tune their selectivity.

Those reasons made this kind of systems an attractive option for the conversion of bio-oil, and this field has been underestimated. Examples include the conversion of guaiacol to phenolics using a Mo2C@C catalyst, with a meager conversion of guaiacol of 30%; in the same line, the use of Ni2P encased by HZSM-5 showed a guaiacol conversion up to 85% with cyclohexane selectivity of 60%. The use of a Ni catalyst covered by a nitrogen enriched carbon for the conversion of furfural to furfuryl alcohol has been described; this catalyst shows an almost quantitative conversion and a 85% of selectivity towards furfuryl alcohol [START_REF] Li | Graphite encapsulated molybdenum carbide core/shell nanocomposite for highly selective conversion of guaiacol to phenolic compounds in methanol[END_REF][START_REF] Nandi | Hydrogenation of Furfural with Nickel Nanoparticles Stabilized on Nitrogen-Rich Carbon Core-Shell and Its Transformations for the Synthesis of -Valerolactone in Aqueous Conditions[END_REF][START_REF] Wang | High-Performance Evolution of Ni2P@Hierarchical HZSM-5 as the Guaiacol Hydrodeoxygenation Catalyst[END_REF]. Also, the use of a material with a Fe2O3 magnetic core encapsulated into carbon and sulfonated exhibited remarkable activity in the hydrolysis of cellulose to glucose, with almost 50% of hydrolysis and half of the obtained products consisted of glucose [START_REF] Zhang | Magnetic core-shell Fe3O4@C-SO3H nanoparticle catalyst for hydrolysis of cellulose[END_REF]; a likewise material, Fe3O4@SiO2 catalyst functionalized with acidic groups, catalyzed the dehydration of glucose to 5-(hydroxymethyl)furfural with a conversion up to 98% and selectivity towards 5-(hydroxymethyl)furfural up to 70% [START_REF] Elsayed | Dehydration of glucose to 5-hydroxymethylfurfural by a core-shell Fe3O4@SiO2-SO3H magnetic nanoparticle catalyst[END_REF]. A more complex system, in which the Fe3O4 core is covered by SiO2, ZrO2 and Ni/Co can selectively hydrogenate cinnamic acid to 3phenylpropanoic acid, with selectivity up to 95% and quantitative conversion of the material in successive runs [START_REF] Feng | Preparation of a four-layer magnetic core-shell nanocomposite for the selective hydrogenation of cinnamic acid[END_REF]. A similar system with a core of ZSM-5 decorated with Pd and covered by Al2O3, has shown a high activity for the hydrodeoxygenation of phenol and related compounds into hydrocarbons, with a marked preference towards the obtention of cyclohexane, with almost 70% of selectivity and a conversion up to 90% in the case of phenol [START_REF] Xu | Zeolite@Pd/Al2O3 Core-Shell Catalyst for Efficient Hydrodeoxygenation of Phenolic Biomolecules[END_REF]. Finally, it has been informed the use of Ni-based catalysts covered with SiO2 by impregnation of tetraethyl orthosilicate (TEOS) over the mesoporous oxide, followed by reduction of the material. This catalyst was employed in the conversion of guaiacol, and it was observed that with Ni as active phase, the major product was cyclohexane. A similar catalyst treated with La2O3, ZrO2 and SiO2, with an active phase of Ni with up to 2,5% of Cu improves the selectivity towards the obtention of cyclohexanol and similar compounds at 320 °C and 17 MPa of H2 [START_REF] Bykova | Ni-based sol-gel catalysts as promising systems for crude bio-oil upgrading: Guaiacol hydrodeoxygenation study[END_REF][START_REF] Bykova | Guaiacol hydrodeoxygenation in the presence of Nicontaining catalysts[END_REF], whilst a phyllosilicate-encased Ni catalyst has shown excellent activity for the production of 2-methoxycyclohexanol from guaiacol [START_REF] Wang | Ni nanoparticles entrapped in nickel phyllosilicate for selective hydrogenation of guaiacol to 2-methoxycyclohexanol[END_REF].

Surface Modification of the Oxides: a way to enhance selectivity

It is known that the presence of surfactants during the hydrolysis of TEOS allows to control the porosity of the silica shell with varying degrees of size distribution and architectures, depending on the surfactant to TEOS ratio, the nature of the surfactant agent, silicon source and basic catalyst.

Nevertheless, it would be valuable to study the possibility of restricting the shape of the silica shell nearby the active sites, by means of a templating agent that could adsorb strongly over the surface. This might force the growth of the silica shell in a defined shape and direction over the entirety of the shell, or could block those sites, and after thermal treatment they would be exposed, with a silica shell conformed to the shape of the templating agent only in the region near the active site. Examples exploiting the use of templating agents or surfactants either cationic like cetyl tetramethylammonium bromide (CTAB) or non-ionic like Pluronic and even glycerol to increase the porosity of silica obtained through the Stöber method have been reported [START_REF] Meier | Synthesis of nanometric silica particles via a modified Stöber synthesis route[END_REF][START_REF] Rivera-Muñoz | Sol Gel-derived SBA-16 mesoporous material[END_REF][START_REF] Kurdyukov | Tailoring the size and microporosity of Stöber silica particles[END_REF][START_REF] Teng | Preparation of hollow mesoporous silica spheres by a sol-gel/emulsion approach[END_REF][START_REF] Vacassy | Synthesis of microporous silica spheres[END_REF][START_REF] Díaz-García | Molecular imprinting in sol-gel materials: Recent developments and applications[END_REF][START_REF] Nisticò | Sol-gel chemistry, templating and spin-coating deposition: A combined approach to control in a simple way the porosity of inorganic thin films/coatings[END_REF]. It has been demonstrated that the presence of said substances aids to increase the surface area of the materials synthetized within certain ranges, and in some cases can enhance the selectivity towards an analyte or compound, allowing for control of the textural properties of the silica materials.

Regarding the previous point, there are many examples of functionalization of surfaces by carboxylic acids or catechol derivatives; for example, metal oxides like TiO2, Co3O4,or MgO have been modified by anchoring porphyrins modified with a carboxylate group [START_REF] Kollhoff | Anchoring of carboxyl-functionalized porphyrins on MgO, TiO 2 , and Co 3 O 4 nanoparticles[END_REF]. Other system has employed a citric acid-based ligand to modify the surface of ZnO, where the ligand bears an alkyne moiety capable of undergo coupling through "click" chemistry [START_REF] Bishop | A citric acid-derived ligand for modular functionalization of metal oxide surfaces via "click" chemistry[END_REF].

Also, a MnOx surface modified with hexanoic acid as a ligand has shown a tunable chemoselectivity towards the obtention of hydroxynitriles from the ammoxidation of hydroxyaldehydes, with a higher yield of the hydroxynitrile with the hexanoic acid treated system [START_REF] Jia | Carboxylic acid-modified metal oxide catalyst for selectivity-tunable aerobic ammoxidation[END_REF]. In the case of catechol, it is known that, due to the two hydroxyl groups in orto position, it tends to form chelate complexes with many metals like copper, manganese, nickel or zinc.

Additionally, it has been reported that this substance can also adsorb over metal oxides like TiO2, forming self-assembled monolayers [START_REF] Ata | A review of new methods of surface chemical modification, dispersion and electrophoretic deposition of metal oxide particles[END_REF][START_REF] Athavale | Solution stability constants of some metal complexes of derivatives of catechol[END_REF][START_REF] Finkelstein-Shapiro | Direct Evidence of Chelated Geometry of Catechol on TiO2 by a Combined Solid-State NMR and DFT Study[END_REF][START_REF] Zeininger | Quantitative Determination and Comparison of the Surface Binding of Phosphonic Acid, Carboxylic Acid, and Catechol Ligands on TiO2Nanoparticles[END_REF].

Considering those reports, we postulate that the use of salicylic acid and catechol as templating agents could allow for the afore mentioned induction of the shape of the silica shell around the active sites, in combination with Pluronic P123 to increase the mesoporosity of the silica shell. This choice of templating agents is supported by the fact that they tend to form stable complexes with the cations proposed as active phase, namely Co, Cu and Ni, and the tendency to graft onto surfaces of compounds with these moieties, in particular catechol-derived ones [START_REF] Athavale | Solution stability constants of some metal complexes of derivatives of catechol[END_REF][START_REF] Rissanen | Structural and Thermal Studies on Salicylato Complexes of Divalent Manganese, Nickel, Copper and Zinc[END_REF][START_REF] Das | Studies on mixed ligand complexes of cobalt(II), nickel(II), copper(II) and zinc(II) involving 8-hydroxyquinoline-5-sulphonic acid as a primary ligand and substituted catechols as secondary ligands[END_REF][START_REF] Vartak | Stability Constants of some substituted Salicylic Acids and their Complexes[END_REF][START_REF] Allan | Complexes formed between nickel(II), copper(II), zinc(II) and aspirin[END_REF][START_REF] Mallakpour | A review of current coupling agents for modification of metal oxide nanoparticles[END_REF]. It has been shown that it is possible to obtain self-assembled monolayers of catechol derived compounds which have defined geometry and structure. This property could be advantageous for templating of the silica gel near the active phase, acting as a mold for the growth of the silica shell [START_REF] Kollhoff | Anchoring of carboxyl-functionalized porphyrins on MgO, TiO 2 , and Co 3 O 4 nanoparticles[END_REF][START_REF] Ata | A review of new methods of surface chemical modification, dispersion and electrophoretic deposition of metal oxide particles[END_REF][START_REF] Liu | Coating Fe3O4 magnetic nanoparticles with humic acid for high efficient removal of heavy metals in water[END_REF][START_REF] Kang | Formation, Removal, and Reformation of Surface Coatings on Various Metal Oxide Surfaces Inspired by Mussel Adhesives[END_REF]. The present materials, which combine the modification of the surface, followed by the formation of a silica shell around the modified oxide are a novel kind of nanoparticles that have not been found in the literature review. In conclusion, it is expected that the formation of complexes over the surface of the oxide precursor shall provide a template around which the silica shell will grow, without the complex being leached during the synthesis of the silica layer. Finally, it is expected that catalytic activity of the proposed materials will exhibit an increased yield of high added-value compounds like benzene from the conversion of guaiacol, whilst diminishing the yield of fully hydrogenated compounds like cyclohexane.

II. Research Project Hypothesis:

The mesoporous silica shell can modify the catalytic activity of the catalyst, favoring the obtention of partially hydrodeoxygenated compounds from guaiacol like cyclohexanol. This selectivity can be promoted by a controlled design of the silica shell by means of a soft templating agent, like salicylic acid or catechol. The use of those agents will create a silica shell with a defined structure around the active surface, directing the interaction of the substrate and the active phase towards the formation of phenol, cyclohexanol, benzene or cyclohexene from guaiacol. Finally, the controlled mesoporous properties of the silica shell will diminish the conversion of oligomeric compounds by means of a size exclusion effect caused by the diameter of the pores in the shell.

III. Objectives:

III.1. General Objective

III.1. General Objective

Design a series of Core@Shell catalysts based on nickel, copper and cobalt covered with a shell of mesoporous silica for analysis of their catalytic behavior in the conversion of the selected model compound of pyrolysis biooil: guaiacol.

III.2. Specific Objectives:

1. To evaluate the effect of the metal type for a series of Core@Shell catalysts based on Co and Ni in the conversion of guaiacol in a batch reactor.

2. To compare the influence of the metal-to-metal ratio in a series of bimetallic Core@Shell catalysts based on Cu, Co or Ni in the conversion of guaiacol in batch reactor conditions.

3. To determine the influence of the presence of salicylic acid and of catechol as templating agents of the silica shell over the catalytic performance of the Core@Shell catalysts in the conversion of guaiacol in batch reactor conditions. 4. To interpret the influence of the silica proportion by modifying the metal to silicon ratio over the catalytic behavior of Core@Shell catalysts, for monometallic systems, on the conversion of guaiacol as model compound of bio-oil.

5. To determine the stability and selectivity of the catalysts with the best performance in the conversion of guaiacol as model compound of pyrolysis bio-oil in a continuous-flow type reactor in the gas phase.

6. To establish a relationship between the textural, chemical and morphological properties and the observed activity and selectivity of the synthetized Core@Shell catalysts.

IV. Experimental Section

For the easiness of preparation, the catalysts after the first studies performed with cobalt were synthetized following the one-pot procedure, including the bimetallic materials. The Co@SiO2 and Co@SiO2-AS catalysts were prepared according to the two-step procedure.

IV.1 Synthesis of Monometallic Core@Shell Catalysts

IV.1.1 Two steps procedure -Co@SiO2 catalyst:

The precursor salt of the selected metal (Co(NO ) 6H O, MERCK) is dissolved in deionized water to obtain a solution of a concentration of 0,1 mole/L. This solution is treated with concentrated aqueous ammonia (25%, LOBA Chemie) to precipitate the correspondent hydroxide. The solid is separated by filtration, and then it is washed thrice with deionized water and twice with anhydrous ethanol (MERCK) and dried overnight at 80 °C. The dried precipitate is put into a quartz tube reactor, and it is calcined in air at 250 °C for 2 hours per gram of material, with a heating ramp of 10 °C/min, and then it is allowed to cool to room temperature and stored.

For the coverage with the silica shell, the obtained oxide is suspended by means of an ultrasonic treatment (30 min) in a mixture of deionized water, ethanol and concentrated (25%) ammonia (80:20:3 by volume). The obtained suspension is stirred at 500 rpm over a hot plate, and warmed up to 60 °C. To this stirred suspension, the silica precursor, tetraethyl orthosilicate (TEOS, MERKC; 98%) is added in the desired amount, dissolved in 20 mL of anhydrous ethanol over a 20 minutes period. The mixture is kept at 60 °C for 4 hours with occasional addition of the solvent mixture. The solid is separated by either centrifugation or filtration, washed thrice with deionized water, twice with anhydrous ethanol and dried overnight at 80 °C.

The obtained material is then calcined at 250 °C for 2 hours per gram of catalyst at a heating ramp of 10 °C/min. Afterward, it is reduced under hydrogen flow (100 ml/min) at 550 °C for 90 minutes. The reduced catalyst is left to cool down to ambient temperature under hydrogen flow, and the reactor is put in a slush of isopropanol and liquid nitrogen. At this point, the hydrogen gas is changed to a mixture of 5 % O2 in N2 and the material is passivated under a flow of 60 mL/min of the mixture for 90 minutes. The sample is allowed to reach room temperature, and finally it is removed from the reactor and stored in a nitrogen flushed vial.

IV.1.2. One-pot procedure:

The precursor salt of the selected metal The obtained material is then calcined at 250 °C for 2 hours per gram of catalyst at a heating ramp of 10 °C/min. Afterward, it is reduced under hydrogen flow (100 ml/min) at 550 °C for 90 minutes. The reduced catalyst is left to cool down to ambient temperature under hydrogen flow, and the reactor is put in a slush of isopropanol and liquid nitrogen. At this point, the hydrogen gas is changed to a mixture of 5 % O2 in N2 and the material is passivated under a flow of 60 mL/min of the mixture for 90 minutes. The sample is allowed to reach room temperature. Finally, the sample is removed from the reactor and stored in a nitrogen flushed vial.

(Co(NO 3 ) 2 6H 2 O or Cu(NO 3 ) 2 3H 2 O or Ni(NO 3 ) 2 6H 2 O; MERCK) is dissolved in a mixture

IV.2 Synthesis of Bimetallic Core@Shell Catalysts

The precursor salts of the selected metals in the desired ratio mole to mole The desired amount of the oxide employed as precursor is treated with 0,5 mL of a solution of Co 2+ (0,001 mol/L) and an amount of salicylic acid, employed as templating agent, in a ratio 1:0.064 mole to mole metal to salicylic acid. This templating agent is added dissolved in 5 mL of ethanol, and the mixture is left in contact overnight.

For the coverage with the silica shell, the obtained oxide is suspended by means of an ultrasonic treatment (30 min) in a mixture of deionized water, ethanol and concentrated (25%) ammonia (80:20:3 by volume). The obtained suspension is stirred at 500 rpm over a hot plate, and warmed up to 60 °C. To this stirred suspension, the silica precursor, tetraethyl orthosilicate (TEOS, MERKC; 98%) is added in the desired amount, dissolved in 20 mL of anhydrous ethanol over a 20 minutes period. The mixture is kept at 60 °C for 4 hours with occasional addition of the solvent mixture. The solid is separated by either centrifugation or filtration, washed thrice with deionized water, twice with anhydrous ethanol and dried overnight at 80 °C.

The obtained material is then calcined in air at 250 °C for 2 hours per gram of catalyst at a heating ramp of 10 °C/min. Afterwards, it is reduced under hydrogen flow (100 ml/min) at 550 °C for 90 minutes. The reduced catalyst is left to cool down to ambient temperature under hydrogen flow, and the reactor is put in a slush of isopropanol and liquid nitrogen. At this point, the hydrogen gas is changed to a mixture of 5 % O2 in N2 and the material is passivated under a flow of 60 mL/min of the mixture for 90 minutes. The sample is allowed to reach room temperature, and finally it is removed from the reactor and stored in a nitrogen flushed vial.

IV.3.2. One-pot procedure:

The precursor salt of the selected metal The obtained material is then calcined in air at 250 °C for 2 hours per gram of catalyst at a heating ramp of 10 °C/min. Afterwards, it is reduced under hydrogen flow (100 ml/min) at 550 °C for 90 minutes. The reduced catalyst is left to cool down to ambient temperature under hydrogen flow, and the reactor is put in a slush of isopropanol and liquid nitrogen. At this point, the hydrogen gas is changed to a mixture of 5 % O2 in N2 and the material is passivated under a flow of 60 mL/min of the mixture for 90 minutes. The sample is allowed to reach room temperature, and finally it is removed from the reactor and stored in a nitrogen flushed vial.

(Co(NO 3 ) 2 6H 2 O, Cu(NO 3 ) 2 3H 2 O, Ni(NO 3 ) 2 6H 2 O; MERCK) is dissolved

IV.4. Catalytic Activity of the Materials

IV.4.1 Conversion of Guaiacol in Batch Reactor Conditions

The amount of catalyst (50, 100 or 200 mg) is put into a 100 mL stainlesssteel vessel reactor. The vessel is charged with 40 mL of a solution of guaiacol (Merck, 98%) 0,3 mole/L in dodecane (MERCK, 98%) and 700 uL of hexadecane (Sigma-Aldrich, 99%) as internal standard. The reactor is assembled, and purged with N2 by 15 minutes, and the valves are closed.

The reactor is heated to 300 °C, and a zero-time sample is taken. The reactor is charged with hydrogen to 5 MPa, and samples were taken at intervals. The samples were analyzed by gas chromatography in a Shimadzu GC2030 equipped with autosampler and injector, with an injection volume of 1 uL and a capillary column (Perkin-Elmer Elite-1, 0,53 mm ID, 30 m length and dimethylpolysiloxane as stationary phase), nitrogen as carrier-gas and a flame ionization detector (FID). The identification of every compound was done by comparison against known standards of the products or by gas chromatography with mass spectrometer as detector in the case of unavailable compounds.

IV.4.1 Conversion of Guaiacol in Continuous Flow Conditions

An appropriate amount of catalyst was mixed with 15 to 20 times its weight of SiC (STREM Chemicals, 150 -200 mesh). The mixture was loaded in a U-tube stainless-steel reactor and connected to the feed. The catalytic mixture was reduced for 30 minutes at 300 °C under a flow of 150 mLmin -1 H2 at bar stabilized by a back-pressure regulator. After the reduction, the hydrogen flow was switched to the guaiacol saturator. The saturator was kept at °C, followed by a condenser kept at 116 °C. All the tubes were heated at °C to prevent condensation of the guaiacol and other products. The system was allowed to reach steady-state regime, and the total flow was varied to obtain different contact times between the feed and the catalytic bed. The composition of the mixture was analyzed online by GC.

IV.5 Characterization of Materials

The analysis in subsections VI.1 to VI.3 were performed on a 3Flex equipment (Micromeritics, United States), equipped with a thermal conductivity detector (TCD) and a mass spectrometer (CIRRUS-2, MKS Instruments) detector for the analysis of the gases obtained during the dynamic analysis.

IV.5.1. Textural properties

The samples were degassed under vacuum at 90 °C for 30 minutes to remove water and then heated up to 300 °C, kept at that temperature for 3 hours and allowed to cool before analysis. The nitrogen adsorption isotherm was performed at liquid nitrogen temperature in a range of relative pressure from 0.05 to 1.0. At least 40 points were measured to obtain the isotherm.

The specific surface was obtained by application of the BET model in the range of 0.05 to 0.25 as the upper limit. The pore-size distribution of the samples was obtained by application of the BJH model on the desorption branch of the isotherms.

IV.5.2 Dynamic Analysis: ammonia thermal programmed desorption (TPD-NH3) and thermal programmed reduction (TPR-H2) IV.5.2.1. Ammonia thermal programmed desorption:

The sample was degassed under flowing He (50 mL/min) with a heating ramp of 10 °C/min with a final temperature of 200 °C. The sample was kept at the final temperature for 30 minutes and allowed to cool to 100 °C under He.

Then, a flow of NH3 (40 mL/min) was passed over the sample for 15 minutes, and the weakly adsorbed species were removed by flowing He (100 mL/min) until a stable baseline was obtained. Then the sample was heated at a rate of 10 °C/min up to 700 °C, and the TCD signal and MS signals were recorded.

IV.5.2.2 Thermal Programed Reduction:

The samples were put in a quartz reactor, and then a mixture of 5% H2 in Ar was passed at a flow of 100 mL/min at 50 °C until a stable baseline was obtained. Then the sample was heated at a rate of 10 °C/min up to 1 100 °C.

The TCD signal and MS signals of H2O, CO2 and CO were recorded.

IV.5.3. Chemisorption of CO

Prior to the analysis, the samples were evacuated at 110 °C for 30 minutes and reduced with flowing hydrogen (60 mL/min) at 350 °C for 30 minutes and allowed to cool to the final analysis temperature of 40 °C. Then, the CO was admitted in 50.0 mm Hg increments from 0 up to 450 mm Hg to obtain the first isotherm. Afterwards, vacuum was applied, and a second isotherm was measured using the same dosing. The CO uptake was determined from the difference between the first and second isotherms, fitted between 100 to 450 mm Hg.

IV.5.4 Transmission Electron Microscopy (TEM):

The samples were dispersed in ethanol or acetone, and a drop of the suspension was deposited on a graphite-covered copper grid for analysis.

The measures were performed on a JEOL JEM-1200 EX.

IV.5.5 X-Ray Photoelectron Spectroscopy (XPS):

The XPS spectra were collected with a KRATOS axis Ultra spectrometer, The diffractograms were collected with a Bruker D8 Advance diffractometer with a LYNXEYE-XE-T detector from 2 theta from 4.0° to 80.0° and electron discrimination of 0.18-0.25 V with = 0.154 nm; the phase identification was done by comparison against the PDF-4+ 2021 database with the DIFFRAC EVA software.

IV.5.6 Fourier Transform Infrared Spectroscopy with Attenuated Total

Reflectance accessory (FTIR-ATR):

The FTIR-ATR spectra were measured in Thermo Nicolet iS50 FTIR spectrometer equipped with an ATR accessory, from 525 to 4000 cm -1 and a resolution of 2 cm -1 , for the Co@SiO2-01-2S, Co@SiO2-01-1S Co@SiO2-AS-01-2S, Co@SiO2-AS-01-1S and SiO2. Other FTIR-ATR spectra were measured on a Spirit FTIR Spectrometer from Shimadzu. For all samples, the background was collected, and then the dry powder was placed on top of the measuring crystal. Then, pressure was applied through the incorporated accessory and the spectra was measured.

IV.5.7 Total metal content measurement by Inductively Coupled Plasm

Optical Emission Spectrophotometry (ICP-OES):

The samples were dissolved with a mixture of sulfuric, nitric, and hydrofluoric acid at 110 °C. The metallic content was then measured in either a Jobin

Yvon "Activa" apparatus or an ICP-OES Agilent 5800, measuring at the The textural properties of the cobalt oxide precursor as well as of the two catalysts prepared from it are shown in Table 1, and their nitrogen isotherms are plotted in Figures 4 and5. As can be seen, the original material has a Type IV isotherm, characteristic of mesoporous materials, with an H1 loop, indicating a narrow size distribution of the pores in the precursor or a network of ink-bottle pores. The treatment to generate the silica shell introduces significant changes in the structure. Whilst the isotherms remain a Type IV isotherm, the hysteresis loop is modified to an H3 loop in both catalysts, Co@SiO2 Co@SiO2-AS-01. For the Co@SiO2 and Co@SiO2-AS-01 systems, this indicates a change of the porous structure compared to the CoO precursor due to the growth of the silica shell over the surface of the oxide precursor. The rather pronounced closing of the loop hints to the presence of network effects in the material that could be related to ink-bottle pores in both materials, and in the Co@SiO2-AS-01 material the narrower hysteresis loop hints to slit-type pores [START_REF] Thommes | Physisorption of gases, with special reference to the evaluation of surface area and pore size distribution (IUPAC Technical Report)[END_REF]. From the data in Table 1, it is noticeable the abrupt reduction of the total pore volume for both catalysts compared to the precursor. From the method of obtention of the precursor, it is expected that the observed porosity is due to interstitial voids between nonporous oxide particles as reported for other systems involving cobalt oxide phases [START_REF] Xu | Porous cobalt oxide (Co3O4) nanorods Facile syntheses, optical property and application in lithium-ion batteries Co2O3 nanorods.pdf[END_REF][START_REF] Che | Facile synthesis of porous cobalt oxide microplates and their lithium ion storage properties Facile synthesis of porous cobalt oxide microplates and their lithium ion storage properties[END_REF].

Thus, the lowering of the surface is caused by the growth of the silica shell over those particles, reducing the interparticle space; linked to this, the formed silica layer has a different pore structure, leading to the difference observed in the isotherms. Considering the data shown in Figure 6, the first point of interest is the presence of pores of circa 14 nm for the Co@SiO2 catalyst, slightly below the 17 nm value for the uncovered catalyst; the presence of this porosity can be linked to the interparticle porosity, while for the Co@SiO2-AS-01 material this maximum is not observed. Below 10 nm, both materials exhibit pores with diameters of 5 and 9 nm; the contribution to the porosity of this region, signaled by the asterisk bracket, is related to the silica shell formed over the cobalt oxide nanoparticles [START_REF] Teng | Preparation of hollow mesoporous silica spheres by a sol-gel/emulsion approach[END_REF][START_REF] Kurdyukov | High-surface area spherical micro-mesoporous silica particles[END_REF][START_REF] Chen | Controlled synthesis and catalytic properties of mesoporous nickel-silica core-shell microspheres with tunable chamber structures[END_REF]. Considering the narrower hysteresis loop for the Co@SiO2-AS-01 material, it could be hypothesized that the silica oligomers formed by the hydrolysis of TEOS [START_REF] Han | Unraveling the growth mechanism of silica particles in the stöber method: In situ seeded growth model[END_REF][START_REF] Flodström | Mechanism of mesoporous silica formation, a time-resolved NMR and TEM study of silica-block copolymer aggregation[END_REF] interact with the adsorbed salicylic acid, leading to local orientation of the growth of the silica shell. This phenomenon would increase the formation of mesoporous structures in opposition to an unhindered growth of the shell over the cobalt oxide precursor, where a more dense and adhered silica shell would be expected. )
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The TEM images shown below in Figure 7 exhibit several differences between the samples: for the Co@SiO2 material, the particles have a rougher and more irregular shape. In the other hand, the particles of the Co@SiO2-AS-01 material have a rounder shape, with a smoother surface and the presence of a separation between the silica shell and the cobalt core. These observations indicate that the presence of the salicylic acid is causing a modification of the surface of the cobalt core, which can be related to the adsorption of the salicylic acid over the surface of the material. Since the material was left to reach equilibrium overnight, it might be possible that during this process the surface of the cobalt oxide nanoparticles, by forming the salicylate complex, partially dissolved and once again precipitated, thus leading to a more stable and smoother surface. Over this surface, the salicylic acid is adsorbed forming a layer, which blocks the growth of the silica shell over the surface of the cobalt oxide nanoparticle. During the calcination in air the salicylic acid is removed, leaving behind the observed void. Considering the previous point, the analysis of the TPR-H2 profiles for the reduced and passivated materials shown in Figure 8, give some hints about the impact of the treatment with salicylic acid. It is noticed that in the untreated catalyst, there is a peak in the MS signal of water around 250 °C, which can be related to the following reduction processes:

6CoO(OH)+H 2 2Co 3 O 4 +4H 2 O [1] Co O + H 3CoO + H O [2]
The process indicated in equation 1 occurs around 200 °C, whilst the one shown in equation 2 is observed at around 300 °C [START_REF] Tang | Characterization of cobalt oxides studied by FT-IR, Raman, TPR and TG-MS[END_REF][START_REF] Bagnasco | TPR/TPO characterization of cobalt-silicon mixed oxide nanocomposites prepared by sol-gel[END_REF]. As observed in the TPR-H2 profile for the untreated catalyst, the first reduction process is more predominant than the second one. This might be caused by a higher content of the CoO(OH) species in the catalyst. However, in the case of the material Co@SiO2-AS, this signal is less predominant. Instead, there is a new peak around 100 °C, which shows a small shoulder. This signal can be attributed to the decomposition of the remnants of the salicylic acid employed during the synthesis, as suggested by the MS signal for M = 44 [START_REF] Rissanen | Structural and Thermal Studies on Salicylato Complexes of Divalent Manganese, Nickel, Copper and Zinc[END_REF]. Then, the reduction of the CoO(OH) species occurs and is observed as a small peak centered around 200 °C, and finally the reduction of the Co3O4 to CoO that occurs at around 300 °C. For both catalysts, the signals over 500 °C are related to hard to reduce cobalt silicate species or to CoO species as a minor contribution [START_REF] Tang | Characterization of cobalt oxides studied by FT-IR, Raman, TPR and TG-MS[END_REF][START_REF] Bagnasco | TPR/TPO characterization of cobalt-silicon mixed oxide nanocomposites prepared by sol-gel[END_REF]. The total amount of adsorbed ammonia was determined, and it is included in Table 3. The data summarized show that the Co@SiO2 catalyst has a higher total acidity (as mmol of NH3 per g of catalyst) than the Co@SiO2-AS material. The nature of the additional acid sites for the Co@SiO2 catalyst can be either due to an increased content of defects on the silica shell due to the incorporation of cobalt cations or to the presence of acidic OH groups over the surface of the cobalt core; this behavior has been reported previously in other transition oxides, where the OH groups can act as weak acid sites depending on the defects on the bulk or surface of the material and the charge of the cation in the material. Also, it could be possible for the ammonia molecule to be weakly adsorbed over the Co-OH groups through a hydrogen bond interaction [START_REF] Busca | The surface acidity of solid oxides and its characterization by IR spectroscopic methods. An attempt at systematization[END_REF][START_REF] Noguera | Theoretical investigation of acid-base properties of oxide surfaces[END_REF][START_REF] Metiu | Chemistry of lewis acid-base pairs on oxide surfaces[END_REF][START_REF] Canesson | CATALYTIC DEHYDRATION OF SECONDARY ALCOHOLS OVER THORIA: INFRARED STUDY AND GENERALIZATION TO BASIC CATALYSTS[END_REF][START_REF] Pal | Soft templating strategies for the synthesis of mesoporous materials: Inorganic, organic-inorganic hybrid and purely organic solids[END_REF]. The XPS spectra for both catalysts are given in Figures 10 and11 for the Co 2p3/2 and 2p1/2 regions. In general terms, the shape of the XPS signals is similar to those obtained for the mixed Co3O4 oxide, with an asymmetric peak with a small shoulder at a slightly higher BE from the peak's maximum [START_REF] Biesinger | Resolving surface chemical states in XPS analysis of first row transition metals, oxides and hydroxides: Cr, Mn, Fe, Co and Ni[END_REF].

After fitting, the main features exhibited for both samples are the presence of three signals, related to Co 0 or Co +3 , Co +2 and satellite peaks for the cobalt cations. Further detail is given in Table 2, where the atomic percentage of each specie as well as the Co/Si ratio are given. The signal at lowest BE, 779.2 eV, is ascribed to Co 0 species, but the presence of Co +3 species cannot be ruled out entirely [START_REF] Lukashuk | Operando Insights into CO Oxidation on Cobalt Oxide Catalysts by NAP-XPS, FTIR, and XRD[END_REF][START_REF] Shi | The use of bimetallics to control the selectivity for the upgrading of lignin-derived oxygenates: Reaction of anisole on Pt and PtZn 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], while the signal at 780.4 eV (Co@SiO2) and 781.2 eV (Co@SiO2-AS) are related to the Co +2 species [START_REF] Shi | The use of bimetallics to control the selectivity for the upgrading of lignin-derived oxygenates: Reaction of anisole on Pt and PtZn 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]. Together, the data obtained indicate that there is a mixed oxide phase present in the surface of the catalysts that can be ascribed to a mixture comprising Co 0 and Co3O4.

In the case of the Co@SiO2 sample, there is a higher proportion of satellite peaks of Co +2/+3 species, pointing to a raise of Co +3 species in the mixed oxide. Because the formation of Co +3 species is related to the oxidation by air in the presence of ammonia [START_REF] Schlessinger | Chloropentaamminecobalt(III) Chloride[END_REF][START_REF] Kauffmann | Hexaamminecobalt(II) Chloride[END_REF], it is expected that an unprotected Co(OH)2 precipitate will be oxidized to form a mixture of Co +2 and Co +3 hydroxides. Thus, the presence of the salicylic acid over the surface might inhibit the oxidation by the atmospheric oxygen, lowering the formation of Co +3 species, reflected as an enhanced presence of Co +2 species as well as a reduced proportion of the satellite Co +2 signal. Also, the treatment with salicylic acid causes a significant change in the composition of the surface, shifting the binding energy of the Co +2 peak to higher values compared to the Co@SiO2 system, from 780.4 eV to 781.2 eV with an increased proportion of said specie on the surface. This phenomenon has been linked to the formation of unsaturated coordination sites or vacancies on the surface [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 could explain the increased activity of the salicylic acid treated system.

Additionally, the Co 0 component increases compared to the untreated catalyst, and might be related to the decomposition of salicylic acid. As stated before, this compound grafts on the surface of the oxides, forming complexes with the Co +2 cations. Upon calcination of the material, those complexes are destroyed, leaving uncoordinated Co +2 species. During the decomposition of the salicylic acid, some of its intermediates could act as reducing agents, increasing the proportion of Co 0 on the surface, as observed in the XPS data.

Finally, the atomic ratio of Co to Si is similar, indicating that the composition on the vicinity of the cobalt core has little difference between both samples.

Additional evidence supporting this composition is obtained from FTIR-ATR measurements; the spectra of the samples Co@SiO2 and Co@SiO2-AS-01 is given in Figure 12. The main features are the peak at around 1060 cm -1 , due to the Si-O-X bending, the Si-O-Si symmetric bending at 800 cm -1 , the Si-OH bending at 960 cm -1 and finally the signal for the Co3O4 phase that is centered around 700 cm -1 [START_REF] Innocenzi | Infrared spectroscopy of sol-gel derived silica-based lms: a spectra-microstructure overview[END_REF][START_REF] De Haan | Characterization of modified silica powders by fourier transform infrared spectroscopy and cross-polarization magic angle spinning NMR[END_REF][START_REF] Ortega-Zarzosa | Cobalt Oxide / Silica Xerogels Powders : X-Ray Diffraction , Infrared and Visible Absorption Studies[END_REF]. The shift of the 1060 cm -1 signal to lower wavenumbers indicates the degree of interaction or substitution of the silica matrix by other elements in the system. In the Co@SiO2 sample, the band is shifted to 1050 cm -1 , signal of a weak interaction or substitution in the silica matrix by the cobalt ions. The presence of the Si-O-Si band indicates that the silica skeleton is practically unperturbed in the bulk phase, thus the interaction in this case is limited only to the interphase Co/SiO2. The signal at 36° is CoO in either cubic or monoclinic phase. Thus, the XRD supports the presence of Co 0 and Co +2 in the catalysts prepared in a two-step approach detected by the XPS analysis.

Figure 13. XRD-P diffractograms for the catalysts Co@SiO2-AS-2S and Co@SiO2-2S.

In the Figure 14 are exhibited some sample chromatograms of the catalytic tests performed for the Co@SiO2 and Co@SiO2-AS samples (Section IV.1.1). In addition, the full time run results of the conversion of guaiacol are plotted in Figure 15. As can be seen, the material has a high activity for the conversion of guaiacol. The principal primary product is phenol (3), which is obtained by the demethoxylation of the guaiacol by the catalyst. Afterwards, this phenol is converted mainly to cyclohexanol (8) due to hydrogenation of the aromatic ring.

In the case of a salicylic acid modified catalyst, Co@SiO2-AS-01, it exhibits a higher rate of conversion of the guaiacol, as observed by the steeper slope of the conversion curve. The main primary product is phenol, and a higher hydrogenation activity to the conversion of phenol to cyclohexanol is observed. In the case of this catalyst, there is a higher yield of cyclohexanol than that of phenol in comparison to the untreated catalyst, which points to a higher hydrogenation activity of the material, that can also be noticed in the steeper slope of the yield of cyclohexanol in comparison to the material Co@SiO2. and Co@SiO2-AS catalyst (right). H2 pressure 5 MPa, 300 °C.

Figure 16. Product distribution at 25% of conversion for the Co@SiO2 and Co@SiO2-AS catalysts.

Regarding the initial rate of the prepared catalysts, it is noticed that the untreated material has a slightly lower rate than the salicylic acid treated material, thus the as a first point the treatment with salicylic acid raises the rate of conversion of guaiacol. Another effect of the treatment with salicylic acid is a marked reduction of the total acidity of the catalyst Co@SiO2-AS, which could have impact in the reactions that require the participation of acid sites to proceed, for example the dehydration of cyclohexanol to cyclohexene or the alkylation of phenol to produce cresol. The comparison at isoconversion of the product distribution, shows that there is a slightly higher content of cresol in the case of the Co@SiO2 material, which can be related to the higher amount of acid sites able to catalyze the alkylation reaction of the phenol obtained as the initial product of the conversion of guaiacol as indicated previously. Nevertheless, the difference of acidity has a low impact in the yield of phenol, as shown in the isoconversion data plotted in Figure 16, thus indicating that there is no sensible participation of the acid sites in the demethoxylation step of the guaiacol to form phenol. Also, there is a slightly higher proportion of cyclohexanol for the Co@SiO2-AS catalyst, indicating a higher hydrogenating activity of this catalyst, that could be related to a higher content of Co 0 species over the surface of the core. It is interesting that the Co@SiO2-AS material has an increased yield of methyl anisole in comparison to the Co@SiO2 catalyst. Assuming the presence of unsaturated coordination sites in the Co@SiO2-AS catalyst, it might be expected that the Me-O bond is weakened, leading to an easier transfer of the methyl group to an adjacent guaiacol molecule prior to the hydrogenolysis and hydrogenation reactions. A similar pathway has been reported for the conversion of anisole into methyl anisole and phenol over an HZSM-5 zeolite, as well as for a Pt/Al2O3 catalyst at 300 °C [START_REF] Zhu | Role of transalkylation reactions in the conversion of anisole over HZSM-5[END_REF][START_REF] Runnebaum | Conversion of anisole catalyzed by platinum supported on alumina: The reaction network[END_REF]. The proposed reaction network for both cases is shown in The difference in the content of the CoO(OH) species between materials could lead to different catalytic activity. As observed, there is a higher activity in the case of the Co@SiO2-AS catalyst; if we relate the activity to the relative abundance of Co sites on the surface, a phase with higher content of oxide species compared to cobalt would diminish its activity, due to a competition between the reduction process of the CoO(OH) to form active Co sites. In the catalytic activity tests, the conditions employed would lead to this competitive behavior for both materials. However, in the untreated catalyst, the proportion of CoO(OH) species is higher according to the TPR-H2 profiles measured, thus leading to a lower catalytic activity, as observed. It is noticeable that the active sites measured by CO chemisorption (see Table 3) is practically the same in both catalysts; this fact contradicts the XPS data, where the content of Co 0 species is higher for the Co@SiO2-AS-01 catalysts, thus a higher uptake of CO would be expected for the Co@SiO2-AS, if only the Co 0 species would be responsible for CO chemisorption. However, there are reports that the CO can be adsorbed at 298 K on cobalt ions and partially charged cobalt species [START_REF] Zecchina | Spectroscopic Study of CO Adsorption on CoO-MgO Solid Solutions . 1 . Sample Characterization and CO Adsorption on Extended Faces[END_REF][START_REF] Zecchina | Spectroscopic study of CO adsorption on CoO-MgO solid solutions. 3. CO adsorption on aggregated Co2+ ions[END_REF][START_REF] Zecchina | Spectroscopic study of CO adsorption on CoO-MgO solid solutions. 2. CO adsorption on isolated cobalt ions located on edges and steps[END_REF], thus the participation of those species in the CO chemisorption could be responsible for the observed similar uptake. As a preliminary conclusion, differences in catalytic activity cannot be ascribed to a difference in the quantity of active sites of the catalysts, but to differences between the types of active sites. This is supported by the calculated TOF shown in Table 3, where it is observed that the Co@SiO2-AS catalyst has a higher intrinsic activity with an increase of almost 50% if compared against the untreated Co@SiO2 material. The presence of surface vacancies and an increased proportion of Co +2 species, as concluded by the XPS analysis, could raise the overall rate of conversion of guaiacol. The presence of unsaturated coordination sites (vacancies) increases the interaction through the oxygen moieties of guaiacol in a chelated adsorption state, in a way similar to that proposed for Ni based catalysts encased in phyllosilicate [START_REF] Wang | Ni nanoparticles entrapped in nickel phyllosilicate for selective hydrogenation of guaiacol to 2-methoxycyclohexanol[END_REF] thus raising the reaction rate. The higher content of Co 0 for the Co@SiO2-AS material leads to the increase in the yield of cyclohexanol expected due from its higher hydrogenating capacity and the lower acidity of the catalyst prevents the dehydration of cyclohexanol into cyclohexane, thus reducing the yield of cyclohexane for the salicylic acid treated material. In Figures 18 and 19 are shown the proposed effects of the treatment with salicylic acid and its calcination upon the surface composition of the cobalt core. Additionally, the highest activity obtained for the Co@SiO2-AS catalyst can be partially related to the space formed between the silica shell and the cobalt core, as observed by TEM. This void would allow an easier access to the active sites for the guaiacol molecules, thus raising the rate of conversion.

As conclusion, there is an effect of the treatment of salicylic acid either on the surface of the cobalt core or in the junction between the silica shell and the cobalt core. This effect can be related to many factors, like the formation of vacancies in the surface due to the destruction of salicylate species during the calcination step, leading to the appearance of unsaturated coordination sites; an improved reduction of the surface cobalt which leads to a higher content of Co 0 species and a reduction of the formation of cobalt silicate species. Co@SiO2 catalysts prepared by the one-pot procedure.

The obtention of catalysts through the one-pot procedure allowed to get different textural properties compared to the two-step method, linked to the presence of the hydrated cobalt hydroxide in the reaction mixture for the hydrolysis of the TEOS employed as silica precursor. The data obtained from the catalysts Co@SiO2-1S, comparable to the Co@SiO2 material of the preceding section, and from the Co@SiO2-AS-1S, comparable to the Co@SiO2-AS material, are summarized in Table 4, and the nitrogen adsorption isotherms are shown in Figure 20. Also, the material Co@SiO2-P-1S, synthetized in the presence of 1% by weight of Pluronic P123 as porogen agent is included.

The isotherms of the catalysts Co@SiO2-P-1S and Co@SiO2-AS-1S are of the Type IV, with an H3 hysteresis loop. The rather abrupt step-down indicates the presence of slit pores or ink bottle pores with a mouth of narrow diameter that limits the desorption of the bulk of the condensate. Also, both materials exhibit slightly larger surface area and bigger pore volume compared to the materials prepared by the two-step procedure, with an increased value for the salicylic acid treated Co@SiO2-AS-1S. Those phenomena could be related to the formation of a hydrated hydroxide and silicate network during the synthesis of the material; during the calcination, 57 this network collapses, leaving voids in the material that increase the surface area and the pore volume compared to the materials synthetized from the calcined cobalt oxide as precursor.

Figure 20. Nitrogen adsorption-desorption isotherms of the Co@SiO2-1S, Co@SiO2-P-1S and Co@SiO2-AS-1S catalysts.

58 Regarding their pore size distribution, all catalysts exhibit similar profiles.

From the data plotted in Figure 21, their pore size has a maximum centered around 6 nm. However, the Co@SiO2-1S material also exhibits the presence of mesopores of a bigger diameter around 25 nm; thus, the step-down of the hysteresis loop for this material is smoother, due to a diminished constriction of the desorption of the nitrogen from the bulk of the condensate.

Figure 21. BJH desorption pore size distribution of the catalysts Co@SiO2-P-1S, Co@SiO2-1S and Co@SiO2-AS-1S

Regarding the TPR-H2 profiles of the synthetized materials that are shown in Figure 22, those give hints about the interactions between the metal core and the silica shell. The most prominent feature observed in all of them is the pronounced peak around 700 °C, which is related to cobalt silicate species; however, there is a shift of the peak towards lower temperatures when there is Pluronic P123 or salicylic acid in the synthesis media. This suggests a decrease in the interaction between the silica matrix and the cobalt hydroxide core during the synthesis, due to the formation of layers of adsorbed porogen or of self-assembled monolayers of salicylic acid over the surface of the 60 cobalt phase, and this diminished interaction is observed as a shift towards lower temperatures of the reduction peak of the cobalt silicate species [START_REF] Dragoi | Controlling the distribution of cobalt (oxide) nanoparticles in the dual pore system of SBA-15 scaffolds[END_REF].

Figure 22. TPR-H2 profile of the catalysts Co@SiO2-1S, Co@SiO2-P-1S, Co@SiO2-AS-1S and a comparison of the obtained TCD signals.

Information regarding the degree of interaction between the cobalt ions and the silica matrix is obtained from the FTIR spectra of the samples, shown in Figure 24. XRD diffractograms of the Co@SiO2-1S and Co@SiO2-AS-1S catalysts.

The acidity of the catalysts was measured through ammonia thermal programmed desorption (TPD-NH3); the results obtained for the materials Co@SiO2-1S, Co@SiO2-P-1S and Co@SiO2-AS-1S are shown in Figure 25.

For all the catalysts, the main feature is a peak around 150 °C, indicating weak acid sites related to the silica shell [START_REF] Ghampson | Catalytic hydrodeoxygenation of anisole over Re-MoOx/TiO2 and Re-VOx/TiO2 catalysts[END_REF][START_REF] Venezia | Hydrogenation of aromatics over Au-Pd/SiO2-Al2O 3 catalysts; Support acidity effect[END_REF]. The acidity order is Co@SiO2-AS-1S > Co@SiO2-P-1S > Co@SiO2-1S. In this case, the presence of either the salicylic acid or the Pluronic P123 (Co@SiO2-P-1S)

increases the total acidity of the catalysts, because their adsorption over the cobalt hydroxide precursor reduces the formation of cobalt silicate while 63 raising the formation of Si-OH groups. Because the Pluronic P123 is a nonionic surfactant, its interaction with the cobalt hydroxide is weaker that the one of the salicylate anions, thus the effect over the acidity and the inhibition of the formation of cobalt silicate is lower, as observed in the TPR profiles of the samples.

Figure 25. TPD-NH3 profile of the catalysts Co@SiO2-1S, Co@SiO2-P-1S

and Co@SiO2-AS-1S.

To compare the morphology of the catalysts obtained by a two-step route, the TEM image of the catalysts prepared in the absence of P123, Co@SiO2-1S

and Co@SiO2-AS-1S were obtained and are depicted in the Figure 26. The main difference between the samples is the presence of needle-like structures in the Co@SiO2-1S catalyst, while in the salicylic acid treated system Co@SiO2-AS-1S those are absent or diffuse as observed in the top left corner of the image. Those structures have been reported in spent Co catalysts for the Fischer-Tropsch process as well as for Co based materials synthetized by a similar approach to the one employed in this work, and have been linked to cobalt silicate species, which is supported by the prominent peak at high temperature in the TPR-H2 measures [START_REF] Wolf | In-depth characterisation of metal-support compounds in spent Co/SiO2 Fischer-Tropsch model catalysts[END_REF][START_REF] Cheng | Amorphous cobalt silicate nanobelts@carbon composites as a stable anode material for lithium ion batteries[END_REF]. The XPS data obtained for the Co@SiO2-1S and Co@SiO2-SA-1S catalysts are given in shown in Figures 29 and30, and the binding energy of the peaks is given in Table 6.

The spectra of the untreated catalyst, Co@SiO2-1s, show symmetrical peaks for both elements, whilst those of the treated material exhibit peaks with asymmetrical shape and, for the Si peak, a definite shoulder separated from the main peak. After fitting the data, the Co@SiO2-1S material exhibits only one peak for both Si and O. The O 1s peak, with a BE of 531.8 eV has been ascribed to non-bonding oxygen species (oxygen interacting with a chemical species distinct from Si) in glass doped with transition metals like Co, Cu and Fe, whilst the higher BE peak determined for the Co@SiO2-AS-1S material is related to bonding oxygen (oxygen interacting only with Si) of the silica matrix [START_REF] Mekki | XPS study of transition metal doped silicate glasses[END_REF][START_REF] Mekki | XPS and magnetization studies of cobalt sodium silicate glasses[END_REF][START_REF] Mekki | An XPS study of iron sodium silicate glass surfaces[END_REF][START_REF] Dalby | Resolution of bridging oxygen signals from O 1s spectra of silicate glasses using XPS: Implications for O and Si speciation[END_REF], shown schematically in Figure 31. In conclusion, the salicylic acid is disrupting the interaction of the growing silica with the cobalt hydroxide, leading to the formation of more Si-O-Si bonds. This in turn could lead to an enhanced proportion of Si-OH groups, reflected partially as a raise in acidity.

The TPD-NH3 data supports this, since the most acidic catalyst is the Co@SiO2-AS-1S material, and the less acidic is the Co@SiO2-1S. Figure 31. Bonding Oxygen Species (red) and Non-Bonding Oxygen Species (blue) as reported in [START_REF] Mekki | XPS study of transition metal doped silicate glasses[END_REF][START_REF] Mekki | XPS and magnetization studies of cobalt sodium silicate glasses[END_REF][START_REF] Mekki | An XPS study of iron sodium silicate glass surfaces[END_REF][START_REF] Dalby | Resolution of bridging oxygen signals from O 1s spectra of silicate glasses using XPS: Implications for O and Si speciation[END_REF].

The catalytic activity of the materials was determined, and it is plotted in the Figure 32, and the initial rates are given in Table 6. It is noticed that the material Co@SiO2-P-1S has the lowest catalytic activity, with only a 40% of conversion at 2 hours; meanwhile, the Co@SiO2-AS-1S material has a higher initial rate, and the most active of all is the Co@SiO2-1S catalyst. This indicates that the presence of the porogen Pluronic P123 has a detrimental effect on the catalytic activity, that could be related to the increased tortuosity of the silica shell due to the formation of the porous structures induced by this surfactant, according to the nitrogen adsorption-desorption isotherms. Also, it could be possible that the adsorption of this surfactant over the surface of the cobalt hydrated oxide enhances the hydrolysis and condensation of the silica around the cobalt core, leading to a reduced accessibility of the reactants to the active sites [START_REF] Rivera-Muñoz | Sol Gel-derived SBA-16 mesoporous material[END_REF].

In the case of the treatment with salicylic acid, the formation of surface complexes of salicylate and cobalt species can act as a shield against the formation of cobalt silicate species. During the thermal treatment, those complexes are decomposed creating unsaturated Co +2/+3 sites and a raise in Co 0 species, enhancing the activity of the catalyst as observed for the catalysts prepared by a two-step approach. The XPS data obtained for both Co@SiO2-1S and Co@SiO2-AS-1S contradict this hypothesis, since the sole cobalt specie detected was Co +2 . However, the XRD evidence shows that there is Co 0 present, thus the absence of this component in the XPS spectra may be related to the ability of the X-Rays to penetrate the material in the XPS technique. Since its effective depth of penetration for XPS is around 10 nm, there is a possibility that the technique is not interacting with the Co 0 that might be inside the particles, thus not being detected. Considering the previous discussion, the effect of the salicylic acid for this material can be partially due to a modification of the cobalt phase, and to the modification of the interaction between the cobalt core and the silica shell, with the Co@SiO2-AS-1S catalyst having a lower interaction with the SiO2 matrix, increasing its activity. Those phenomena could also be promoted by residues of the porogen P123 adsorbed around the cobalt core; however, the P123 has a lower interaction with the surface of the cobalt core due to its neutral charge, whilst the salicylic acid will have a deprotonated carboxylate moiety under the synthesis conditions. This in turn allows a stronger adsorption of the salicylic acid through ionic interactions with Co +2 on the exposed face of the precipitated hydroxide, allowing for it to remain through the washing processes and finally be decomposed during the calcination.

In conclusion, the addition of salicylic acid has a beneficial impact over the activity by effects related to its ability to form complexes over the cobalt core, allowing for a diminished interaction based on the TPR-H2 data. The lower initial rate for the Co@SiO2-AS-1S catalyst compared to the Co@SiO2-1S material is unexpected, considering the degree of interaction between the cobalt core and the silica shell observed for this material in the TPR profiles.

Nevertheless, the TOF values indicate that the active sites of both catalysts have different intrinsic activity, thus the difference in initial rates is related to a lower quantity of accessible active sites, with those of Co@SiO2-AS-1S

catalyst being more active. The lower quantity of active sites, as determined by CO chemisorption, might be caused by a limited porosity of the silica shell in the vicinity of the cobalt core, which obstructs the access to the active sites leading to the decrease of activity in the Co@SiO2-AS-1S material. This agrees with the increased proportion of Si-O-Si bonds observed by XPS analysis, that could lead to non-porous regions in the silica matrix due to an enhanced crosslinking of the silicate subunits.

The isoconversion data plotted in the Figure 33 shows that there Co@SiO2-1S catalyst has a lower ability to transform phenol to the ring hydrogenated cyclohexanol, indicating a lower hydrogenating activity of the aromatic ring. In the case of the catalysts prepared in the presence of the Pluronic P123 as porogen, Co@SiO2-P-1S and treated with salicylic acid without Pluronic P123, Co@SiO2-AS-1S, there is no significant variation in the observed selectivity for the analyzed products, both materials exhibiting a similar total yield of hydrogenated products like cyclohexanol and cyclohexane, and, interestingly, they have a similar yield of methyl anisole, which has been reported to be obtained through a bimolecular step. Previously, it was discussed the effect of both the porogen Pluronic P123 and of the salicylic acid on the surface of the catalysts. Considering the adsorption of such substances on the surface of the cobalt hydroxide core, this phenomenon allows for the formation of separations between the silica shell and the reduced cobalt core, and this separation could benefit the adsorption of adjacent guaiacol molecules leading to an increased production of methyl anisole. The XPS data show that the interaction between the cobalt core and the silica shell can be diminished by the presence of the modifiers like salicylic acid, with an enhanced formation of Si-OH species. The presence of those species can be the cause of the increased acidity observed for the salicylic acid system (see Table 6), and the increased acidity leads to a raise of the formation of cyclohexene through the dehydration of cyclohexanol.

Following the formation of the alkene, this unsaturated compound is fully hydrogenated to cyclohexane, explaining the higher yield of said compound for the more acidic catalysts. Table 7. Initial rates, CO uptake and total acidity for the materials Co@SiO2-1S, Co@SiO2-P-1S and Co@SiO2-AS-1S Finally, the catalytic properties of the materials prepared in a two-step procedure were compared with those of the materials synthetized by a onepot procedure. The obtained data, plotted in Figure 34, indicates a noticeable variation in both the selectivity and the activity of the materials depending on the preparation route. First, the yield towards products that need the presence of acid sites, like cyclohexene, is increased in the catalysts prepared by the one-pot route, which agrees with the fact that their total acidity is significantly higher than their counterparts prepared by the two-step procedure. Secondly, the yield of cyclohexane is higher for the catalysts Co@SiO2-P-1S and Co@SiO2-AS-1S than for the other catalysts. This indicates that the presence of surface modifiers like the porogen P123 in the case of Co@SiO2-P-1S or the salicylic acid in the case of the Co@SiO2-AS-1S can tune the selectivity of the catalysts towards fully hydrogenated products. In addition, the two most acidic samples, Co@SiO2-P-1S and Co@SiO2-AS-1S exhibited the higher yield of cyclohexane, revealing the participation of an acid-catalyzed dehydration pathway that transforms cyclohexanol to cyclohexane via a cyclohexene intermediate. Another difference observed in the catalytic activity is the rate of reaction of the materials. The materials prepared by the two-step route have higher rates for the conversion of guaiacol than those prepared by the one-pot approach. This phenomenon occurs due to the enhanced formation of silicate species during the synthesis in a one-pot methodology, because the growing silica oligomers can interact easily with the cations on the surface of the precipitate formed, as hinted by the TPR-H2 data. In comparison, the route in two-steps begins with a calcined cobalt oxide that has been annealed by the thermal treatment, thus reducing its imperfections, and leading to a reduced proportion of silicate species of low catalytic activity under the conditions employed in this work.

Another option may be the reduced access to cationic species due to the presence of the oxide phase, thus lowering the anchoring points of the growing negative charged silica oligomers obtained from the hydrolysis of TEOS, leading to a decreased proportion of silicate species. In conclusion, the use of surface modifiers can be applied favorably to shift the selectivity to certain products. In the previous sections, it was discussed the difference between the preparation routes and the impact of the addition of salicylic acid as modifier of the cobalt phase. In the present section, the impact of using catechol as modifier as well as variations of concentration of both modifiers will be analyzed for four materials prepared following the one-pot procedure, with Pluronic® P123 2% by weight as porogen. In Table 8 are given the amount and nature of the modifier employed, with a constant cobalt to silica ratio as well as the textural properties of the samples. The nitrogen-adsorption isotherms are given in Figure 35 for the modified catalysts. The samples exhibit a Type IV isotherm, with a hysteresis loop H3, indicating the presence of unfilled pores in the porous structure or a phase of non-rigid particles. Adding either Salicylic acid or Catechol has a positive effect over the specific area of the samples, raising at least 40% compared to the untreated sample Co@SiO2-01. This phenomenon was also observed in the catalysts discussed in the previous section, where the addition of salicylic acid leads to a raise of around 15%. However, the presence of Pluronic P123 and of Salicylic Acid allowed for a higher increase compared to the Co@SiO2-AS-1S material. Since it is assumed that the main role of the Pluronic P123 is to modulate the porosity of the silica, producing a mesoporous system, whilst that of the salicylic acid is to modify the cobalt surface, it is reasonable that the interplay of both phenomena leads to the observed increment. It is interesting that, similarly to the Co@SiO2-AS-1P sample, there is a decrease in the pore size, and it can be related to the formation of thicker pore walls, or to partial blocking of the pores around the cobalt surface due to the presence of the salicylic acid over its surface, forcing the densification of the silica near the cobalt phase. Nevertheless, increasing the salicylic acid load leads to increased specific area and pore volume. In this case, it could be caused by the formation of smaller cobalt particles that are better dispersed, thus leading to more exposed area, or by the liberation of Pluronic molecules from the surface of the cobalt hydroxide;

these free Pluronic molecules would be able to interact with the growing silica matrix, leading to an increment in the mesoporosity, raising both the surface area and pore volume of the samples.

The effect of the modifiers over the porous structure is observed in the poresize distribution depicted in Figure 36. The sample Co-COL-01 shows no significant changes compared to the Co@SiO2-01 sample, with both showing pores in the range from 10 to 30 nm and the sample Co-COL-02 exhibits a narrow pore-size distribution, centered at 3.6 nm. For the salicylic acid materials, it is observed a shift towards lower pore diameters in the Co-AS01 sample, whilst for the Co-AS02 sample the trend is to raise the pore diameter, changing from a mesopore network to a macropore system. Regarding the degree of interaction between the cobalt phase and the silica matrix, data from FTIR-ATR measurements as well from TPR-H2 experiments allows us to evaluate the intensity of this interaction. The FTIR-ATR spectra are shown in Figure 37 and the TPR-H2 profiles are given in Figure 38. The main features observed in the spectra are the signals at around 1200 cm -1 , 1100 cm -1 , 800 cm -1 related to silica and silicates species, and the peaks around 650 cm -1 and 550 cm -1 , linked to the formation of cobalt oxide species.

From the precedent sections [START_REF] Innocenzi | Infrared spectroscopy of sol-gel derived silica-based lms: a spectra-microstructure overview[END_REF][START_REF] De Haan | Characterization of modified silica powders by fourier transform infrared spectroscopy and cross-polarization magic angle spinning NMR[END_REF][START_REF] Ortega-Zarzosa | Cobalt Oxide / Silica Xerogels Powders : X-Ray Diffraction , Infrared and Visible Absorption Studies[END_REF], the displacement of the signal at around 1100 cm -1 indicates the degree of interaction between the silica matrix and the cobalt phase [START_REF] Kababji | Silica-supported cobalt catalysts for 205 fischer-tropsch synthesis: Effects of calcination temperature and support surface area on cobalt silicate formation[END_REF]. Thus, the sample with the highest interaction is the Co@SiO2-01 material. The interaction is so strong that the maximum of the peak is displaced almost to 1000 cm -1 , indicating the presence of crystalline cobalt silicate in the sample [START_REF] Kababji | Silica-supported cobalt catalysts for 205 fischer-tropsch synthesis: Effects of calcination temperature and support surface area on cobalt silicate formation[END_REF][START_REF] Puskas | Novel aspects of the physical chemistry of Co/SiO2 Fischer-Tropsch catalyst preparations. The chemistry of cobalt silicate formation during catalyst preparation or hydrogenation[END_REF]. Also, the presence of a shoulder peak at 900 cm -1 , related to the presence of silicate type bonds and the absence of the signal at 800 cm -1 related to the silica matrix phase, reinforces the dominance of the cobalt silicate phase over the Co3O4 phase.

Regarding the salicylic acid systems, the one with the highest degree of interaction based on the IR data, is the Co-AS-02 sample, with a shift of the Si-O-Si band like the untreated material, with a reduced the intensity of the shoulder at 900 cm -1 . Also, there is no observable band at 800 cm -1 , related to the presence of an extended silica matrix; instead, there is a distinct peak related to the Co3O4 phase around 650 cm -1 [START_REF] Tang | Characterization of cobalt oxides studied by FT-IR, Raman, TPR and TG-MS[END_REF]. For the Co-AS-01 sample, the IR spectra shows a band at around 1200 cm -1 , that is linked to the presence of Si=O bonds [START_REF] Sitarz | The structure of simple silicate glasses in the light of Middle Infrared spectroscopy studies[END_REF], related to the formation of denser silica networks based on SiO2 subunits, supported by the presence of the Si-O-Si band at 800 cm -1 . In the catechol modified samples, the Co-COL-01 sample shows no significant displacement of the 1100 cm -1 band compared to the SiO2 obtained from the TEOS hydrolysis. It also exhibits a well-defined band at 800 cm -1 , a shoulder at 1200 cm -1 of high relative intensity as well as strong bands related to the presence of the Co3O4 phase at 650 cm -1 .

Together, these data indicate the formation of a silica matrix with ordered domains mixed with cobalt oxide phase that is not interacting strongly with the silica phase. The Co-COL02 sample exhibits a clear shift of the 1100 cm -1 band towards lower wavenumbers, reduced 1200 cm -1 shoulder, and 800 cm - 1 band, with the signal related to the presence of Co3O4 at 650 cm -1 also present. In this case, there is a mixture of cobalt silicate species disrupting the silica matrix, and cobalt oxides. Based on the IR data, the role of the added salicylic acid or catechol is to hamper the formation of the inactive cobalt silicate phase, observed as a reduced signal at 900 cm -1 . Also, in the literature the role of organic additives in the stabilization of -Co(OH)2 phase has been reported as well as its transformation to the Co3O4 phase under thermal treatment [START_REF] Ismail | Organic Additive-Mediates Synthesis of Novel Cobalt(II) Hydroxides[END_REF][START_REF] Zhu | Preparation of nanosized cobalt hydroxides and oxyhydroxide assisted by sonication[END_REF][START_REF] Hu | Synthesis of -Cobalt Hydroxides with Different Intercalated Anions and Effects of Intercalated Anions on Their Morphology , Basal Plane Spacing , and Capacitive Property[END_REF][START_REF] Pilar-Albaladejo | Topotactic Transformation of Zeolite Supported Cobalt(II) Hydroxide to Oxide and Comparison of Photocatalytic Oxygen Evolution[END_REF], thus it would be expected that at higher load of either salicylic acid or catechol the relative presence of the Co3O4 phase in the catalysts should be increased. This is partially correct, since for the salicylic acid treated materials there is an increase of the Co3O4 phase when increasing the salicylic acid added in the case of the Co-AS series, but the opposite effect is obtained for the catechol treated systems, where a higher load of catechol lead to a decreased presence of Co3O4 phase. Considering the type of structure obtained, where the water molecules and anions present in the reaction media are intercalated between the layers of the cobalt hydroxide, raising the concentration of a nonoxidizable ligand like the salicylic acid should help in improving the formation and stability of the -Co(OH)2 phase. However, in the presence of an oxidizable ligand as catechol, there is a competition between the intercalation of the molecule in the middle of the layers of the hydroxide and its oxidation to o-quinone catalyzed by the metal present [START_REF] Balch | Oxidation of o-Quinone Adducts of Transition Metal Complexes[END_REF][START_REF] Baila | Copper(II)-Catalyzed Oxidation of Catechol by Molecular Oxygen in Aqueous Solution[END_REF][START_REF] Lin | Two-electron, Twoproton oxidation of catechol: Kinetics and apparent catalysis[END_REF]. The first step of this oxidation process is the formation of a semiquinone radical [START_REF] Lin | Two-electron, Twoproton oxidation of catechol: Kinetics and apparent catalysis[END_REF] considering the preparation employed in this work. The formed semiquinone can undergo a series of polymerization reactions, leading to the obtention of brown or black pigments [START_REF] Gómez-Herrero | Copper-assisted oxidation of catechols into quinone derivatives[END_REF][START_REF] Yang | Jack of all trades: Versatile catechol crosslinking mechanisms[END_REF]. This is observed in the reaction as a darkening of the reaction mixture during the synthesis. Also, the time for the change of color was shorter when higher quantity of catechol was added, hinting to a faster formation of the polymerization products of the catechol additive. In conclusion, the catechol added is not as efficient as the salicylic acid in protecting the cobalt phase to form silicates due to its tendency to form polymeric species, since the catecholate available to form a blocking layer between the silica oligomers and the Co(OH)2 precipitated is diminished. The TPR-H2 profiles for the Co-AS, Co-COL and the unmodified catalyst given in the Figure 38 can be roughly divided in two regions: one below 450 °C, related to the reduction of cobalt oxides species, and other above 550 °C, linked to the reduction of cobalt silicate-like species [START_REF] Ernst | Preparation and characterization of Fischer-Tropsch active Co/SiO2 catalysts[END_REF]. For the unmodified Co-SiO2-01 catalyst, the most prominent feature is the broad peak centered around 670 °C, and the weak to nearly absent peaks related to cobalt oxides species, indicating that the sample obtained is composed mainly by silicate species. This is supported by the FTIR-ATR data, in which the Co-SiO2-01 sample exhibited the presence of cobalt silicate. For all the modified samples, using either catechol or salicylic acid, causes the apparition of cobalt oxides species of different nature in each case. For the Co-AS01 sample, there is a shoulder at 150 °C, associated to the decomposition of residues of salicylic acid, Pluronic or TEOS not degraded during the calcination and reduction steps. Then, the peak at 250 °C is related to the reduction of Co3O4 to CoO [START_REF] Tang | Characterization of cobalt oxides studied by FT-IR, Raman, TPR and TG-MS[END_REF] followed by the reduction to metallic Co [START_REF] Fierro | TPR and XPS study of cobalt -copper mixed oxide catalysts : evidence of a strong Co -Cu interaction[END_REF], observed as high temperature tailing of the peak. Finally, the peak above 500 °C, centered around 700 °C is linked to cobalt silicate species. This peak exhibits a shoulder around 800 °C, signaling the presence of two different types of silicate structures in this sample. The Co-AS02 sample exhibits a more complex pattern in the low temperature region, with the peak related to the decomposition of organic compounds around 100°C, a peak at 220 °C related The presence of two types of environments, inside and outside of the layered structure, leads to the formation of two kinds of silicate interphases: one with interaction with two layers of the hydroxide, caused by the introduction of the silica oligomers inside the space between layers, and the other formed by the silica interacting with the outside of the hydroxide layer. Due to the difference of interaction, there occurs an overlap of the two signals, causing the apparition of a split signal. Considering the increase of intensity observed for the higher temperature peak with bigger loads of the modifiers, it is proposed that the peak at lower temperature, around 650 °C, corresponds to the formation of silicate species in the outer side of the cobalt hydroxide precursor, and the one at higher temperature, over 710 °C, corresponds to the silicate species formed inside the interlamellar space of the cobalt hydroxide precursor.

The acidic properties of the materials were probed by TPD-HN3 analyses, and the results are given in Figure 40. It is observed that the most acidic one is the Co-COL-02 material, followed by the Co-SiO2-01, the Co-COL-01 and finally both salicylic acid-modified catalysts. The acid strength of the materials is low, since the maximum peak for the desorption of the materials is around 150 °C for all the samples. The raised acidity of the Co-COL02 sample can be related to the formation of more polarized Si-OH bonds, due to the interaction of the cobalt ions with the siloxane matrix. This is supported by the FTIR-ATR data, that indicates a high degree of interaction between the silica matrix and the cobalt phase, as well as the TPR-H2 data, that indicates the presence of cobalt silicates. Regarding the catalytic behavior of the materials described, their results are given in Figure 41, with the comparison of their initial rates as a function of the quantity of modifier added. In general, the main products at conversion below 20% are phenol and cyclohexanol: at higher conversion, there is the obtention of cyclohexene from the dehydration of cyclohexanol, and cyclohexane as the mayor component at the end of reaction. Interestingly, the Co-COL-01 sample does not show the formation in appreciable amounts of cyclohexene, indicating that this is either a less acidic catalyst or one with a higher hydrogenation power, while for the Co-AS01, CO-AS02 and Co-COL02 samples this intermediate compound can be detected in important quantities. From the TPD-NH3 data, the acidity of Co-COL-01 is higher than the Co-AS family of catalysts, thus the difference in reactivity is not caused by this factor. Instead, the low presence of cobalt silicate phase species in the Co-COL-01 catalyst, deduced from the FTIR-ATR and TPR-H2 results, combined with the high proportion of easy to reduce CoOx species leads to a higher hydrogenating power. Also, for the other materials, the presence of cobalt silicate species enhances the acidity of Si-OH groups by polarization.

This raised acidity enhances the formation of cyclohexene due to the dehydration of cyclohexanol, and its absence would lead to a negligible formation of cyclohexene. This is corroborated by the fact that the samples that exhibit features of the presence of cobalt silicate phase also show a noticeable presence, over 5% of yield, of cyclohexene during the conversion of guaiacol. In general, the addition of the organic modifier has a positive impact over the activity, as it increases the initial rate of all the treated catalysts. However, there is a difference in the effect observed for both the type of modifier and its concentration during the synthesis: for the Co-COL series, a maximum is reached when the added catechol is around 6% molar, followed by an abrupt descend when a 13% molar is added. For the Co-AS family, the observed trend is an increase of the initial rate with increased concentration of the salicylic acid. In all cases, this increase in activity can be linked to the increased presence of CoOx species formed at the expense of the cobalt silicate species. This is observed in all the samples treated with organic additives where there is the presence of signals linked mainly to the Co3O4 phase in the FTIR-ATR spectra, as well as reduction peaks in the TPR-H2 profiles related to cobalt oxides. For the Co-COL-01 sample, this effect is so strong that the vast proportion of the cobalt phase detected by TPR-H2 is present in the form of cobalt oxides. For the Co-COL-02 sample, the reduction of available catecholate ligands due to its consumption by REDOX processes conduces to a decreased protection of the cobalt phase from the reaction with the silica oligomers, thus leading to the apparition of silicate species. On the other hand, the use of higher loads of salicylic acid leads to higher activity, with an increased presence of the higher temperature silicate species, indicates by the TPR-H2 profiles. The formation of phyllosilicates of cobalt has been reported as having a beneficial effect over the catalytic activity, enabling a better dispersion of the cobalt phase throughout the catalyst [START_REF] Dragoi | Controlling the distribution of cobalt (oxide) nanoparticles in the dual pore system of SBA-15 scaffolds[END_REF]. Considering this, the effect of the salicylic acid is due to two factors: first, an enhancement of the formation of phyllosilicate species, leading to batter dispersion combined with the disaggregation of the cobalt phase by forming complexes on the surface. Second, an increase in the formation of the Co3O4 phase and of other reducible cobalt oxides, evidenced by the FTIR-ATR data, rendering the catalyst more active, since this phase acts as precursor for Co 0 phase under the reaction conditions employed. In conclusion, the use of organic compounds able to form complexes with the metal hydroxides present can aid in tuning the selectivity of the obtained catalysts, by different mechanisms. In the case of a REDOX inactive ligand as the salicylic acid, the dominant effect is caused by its ability to shield the cobalt hydroxide from the silica precursor, thus reducing the formation of inactive cobalt silicate phases, while aiding in dispersing the active phase throughout the catalyst. This effect is dependent of the concentration of modifier present, with higher concentration of salicylic acid leading to more active catalysts, as observed for the Co-AS-01 and Co-AS-02 catalysts. In the 97 case of the REDOX active ligand catechol, however, there are two factors involved in its effect over the catalyst. The first is linked to the formation of complexes through the catecholate anion, that would help to reduce the interaction to produce cobalt silicate, as observed for the Co-COL-01 catalyst, who has the highest activity of all the catalysts analyzed in this section.

However, this beneficial effect can be nullified by the formation of polymeric species derived from the oxidation of catechol to o-quinone, thus, the dispersing ability obtained by the formation of catecholate complexes is diminished, leading to reduced activity and an increased interaction with the silica matrix, as observed in the TPR-H2 and FTIR-ATR results of the Co-COL02 material.

V.2. Conversion of Guaiacol with Nickel Based Core@Shell Catalysts

V.2.1. Conversion in the presence of unmodified Nickel based Core@Shell Catalysts:

The catalytic activity of a series of Ni@SiO2 with different metal to silicon ratio was measured. The employed catalysts as well as their composition and some textural properties are shown in Table 9. The results thus obtained will be discussed in the present section. As observed in Table 9, there is a significant reduction on the SBET area of the catalysts at higher loads of silicon during the synthesis. This could be related to the formation of many nucleation sites due to the higher concentration of TEOS that subsequently becomes hydrolyzed to form the silica matrix, increasing the density of the silica at the expense of its porosity. In the case of the Ni@SiO2-04 catalyst, there is also a reduction in the pore volume, that may be related to the obstruction of the pores that are present in the Ni(OH)2 precipitate, thus lowering both the SBET and the pore volume. However, in the case of the Ni@SiO2-05 catalyst, there is a recovery of the pore volume, and this is related to a thicker shell that may contain more pores or pores of a bigger diameter. Finally, the Ni@SiO2-06 catalyst, with the highest proportion of silica there is a sharp decrease of surface area and pore volume. This is related to the excess of silica oligomers present, which can undergo a faster polymerization to form silica particles of an increased size and density [START_REF] Han | Unraveling the growth mechanism of silica particles in the stöber method: In situ seeded growth model[END_REF][START_REF] Flodström | Mechanism of mesoporous silica formation, a time-resolved NMR and TEM study of silica-block copolymer aggregation[END_REF][START_REF] Jiang | Synthesis and formation mechanism of amorphous silica particles via sol-gel process with tetraethylorthosilicate[END_REF] instead of an extended matrix coupled with blocking the pores of the Ni(OH)2 precipitate. Also, from the isotherms shown in Figure 43 can be noticed that all the isotherms are Type IV with a hysteresis loop H3 in the case of Ni@SiO2-03, which indicates aggregation of plate-like particles or a pore network bordering the macroporous range partially filled with nitrogen; also, the steep step-down of the desorption branch indicates the presence of slit-type pores connected to the surface by a means of narrow pores. For the Ni@SiO2-04, Ni@SiO2-05, and Ni@SiO2-06 catalysts, the hysteresis loop is H4, indicating a mesoporous structure, with a slightly bigger contribution of 100 microporous structure to the porosity of the material, and with a narrower pore-size distribution indicated by the less pronounced step-down of the desorption branch compared to the Ni@SiO2-03 catalyst [START_REF] Thommes | Physisorption of gases, with special reference to the evaluation of surface area and pore size distribution (IUPAC Technical Report)[END_REF]. Also, it has been reported that precipitates of nickel oxyhydroxides prepared by a similar approach as the one employed in this work have high surface area, thus the contribution of the metallic hydroxide to the surface area of the catalysts cannot be neglected [START_REF] Ermakova | High-loaded nickel-silica catalysts for hydrogenation, prepared by sol-gel Route: structure and catalytic behavior[END_REF], leading to the highest value of surface area for the catalyst with the lowest proportion of Si.

Figure 43. Nitrogen adsorption isotherms of the Ni@SiO2 series catalysts.

The pore size distribution determined by applying the BJH model is shown in Figure 44. In all the cases, the pores are in the mesopore range, with a maximum around 6 nm, with a slightly bigger pore diameter in the Ni@SiO2-05 material, which also shows a local maximum around 9 nm. This could be caused by the higher proportion of TEOS, which during the formation of the silica shell can provide more silica precursor capable of interaction with the P123, thus leading to small domains of templated silica, with different pore sizes. In the case of the Ni@SiO2-03 material, the high surface area may be related to interparticle spaces or agglomerates of the catalyst's particles, because the low quantity of silica present would be insufficient to generate a structured network by interaction with the surfactant P123. Finally, the Ni@SiO2-06 catalyst (shown in inset) exhibits a macroporous structure with contribution of mesopores of around 10 nm. The macropores can be ascribed to the interparticle separation, whilst the mesoporous component is linked to the structure of either the nickel phase and/or regions of mesoporous silica. nitrate species that could be coprecipitated or absorbed during the preparation of the catalyst. In the Ni@SiO2-03 material, there is a sharp signal at 300 °C, due to the reduction of NiO species with weak or no interaction with the silica shell. In the Ni@SiO2-06 sample, the TPR-H2 profile exhibits a 103 single peak around 210 °C, coupled with a displaced baseline after this peak, where the apparition of other signals is masked. For the Ni@SiO2-04 and Ni@SiO2-05 this signal is not as defined as in the Ni@SiO2-03 catalyst. In these cases, there is a slight and broad signal around 270 °C for both catalysts, due to the reduction of easier to reduce NiO species. Also, both catalysts have a signal around 350 °C, which relates to the reduction of the NiO species in the bulk or of species that interact weakly with the silica phase. In all the cases, except for the Ni@SiO2-06 sample, it is observed a strong peak over 600 °C, due to the reduction of phyllosilicate species of nickel [START_REF] Majewski | Nickel-silica core@shell catalyst for methane reforming[END_REF][START_REF] Chen | A simple and convenient approach for preparing core-shell-like silica@nickel species nanoparticles: Highly efficient and stable catalyst for the dehydrogenation of 1,2-cyclohexanediol to catechol[END_REF][START_REF] Loaiza-Gil | Thermal decomposition study of silica-supported nickel catalyst synthesized by the ammonia method[END_REF]. It is noticeable that this signal is a prominent feature of the TPR-H2 profiles of the prepared catalysts, which indicates that the one-pot method leads to the obtention of catalysts with strong metal-support interactions (SMSI). The method employed in this work is similar to the ammonia method reported by Loaiza-Gil and collaborators, where it was also observed the presence of SMSI on the materials obtained [START_REF] Pu | Core-shell nickel catalysts for the steam reforming of acetic acid[END_REF][START_REF] Bykova | Guaiacol hydrodeoxygenation in the presence of Nicontaining catalysts[END_REF][START_REF] Majewski | Nickel-silica core@shell catalyst for methane reforming[END_REF][START_REF] Loaiza-Gil | Thermal decomposition study of silica-supported nickel catalyst synthesized by the ammonia method[END_REF].

For the Ni@SiO2-06 catalyst, this feature is not observed in the TPR-H2 profile due to the drift of the baseline, but it is expected that some degree of interaction between the silica matrix and the nickel phase will exist, albeit not observable in the TPR-H2 profile. 220). In the peak at 44.4°, a shoulder can be appreciated, that distorts the peak. This shoulder is linked to the presence of NiO, which presents a diffraction peak at 43.3°. The presence of the phyllosilicate can be confirmed by the presence of certain features that include the broad peak around 35°, combination of the diffraction due to the (110), ( 002) and (003) planes of the phyllosilicate phase (PDF-01-080-5282). However, the most indicative signal is the diffraction peak at 60-62 °, as a combination of the diffractions from the (301) and (005) planes of the nickel phyllosilicate [START_REF] Wang | Ni nanoparticles entrapped in nickel phyllosilicate for selective hydrogenation of guaiacol to 2-methoxycyclohexanol[END_REF]. In the material Ni@SiO2-03, the peak at 61°, related to the phyllosilicate phase, has a higher intensity that in the case of the Ni@SiO2-05 material, indicating either a bigger crystallite size or a higher crystallinity, while for the Ni@SiO2-05, the peaks related to the Ni 0 phase are more intense, related to a bigger crystallite size. This is congruent with the TEM results, where the sample Ni@SiO2-05 has a bigger particle size that the Ni/SiO2-03 material; from the XRD-P data, the particle size estimated for the Ni@SiO2-03 catalyst is 5.0 nm, and for the Ni@SiO2-05 sample it is 7.7 nm, in a trend that agrees with the size distribution obtained through TEM analysis. Figure 49. Ammonia Thermal Programmed Desorption Profiles for the Ni@SiO2 catalysts series.

Regarding the acid properties of the materials, they were determined by TPD-NH3 and the results obtained are shown in Figure 49, with a unique signal with a maximum centered around 150 °C, indicating the presence of weak acid sites related to the mesoporous silica [START_REF] Ghampson | Catalytic hydrodeoxygenation of anisole over Re-MoOx/TiO2 and Re-VOx/TiO2 catalysts[END_REF][START_REF] Venezia | Hydrogenation of aromatics over Au-Pd/SiO2-Al2O 3 catalysts; Support acidity effect[END_REF]. The most acidic of the catalysts, based on the normalized signal of the desorbed ammonia, was the Ni@SiO2-05 material, followed by the Ni@SiO2-03 catalyst and last the Ni@SiO2-04 material. This trend is not expected if only the silica is taken as the sole source of acidic sites in the materials, indicating a probable participation of Ni-OH or uncoordinated Ni cations as an additional source of acidity for the catalysts. Thus, the observed inversion in the Ni@SiO2-03 and Ni@SiO2-04 materials must be linked to the difference in proportion of TEOS )
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Ni@SiO2-03 Ni@SiO2-04 Ni@SiO2-05 110 during the synthesis, that affects how the nickel precursor and the silica source interact between them. It has been reported in the literature that the formation of a silica shell over nickel oxyhydroxides and the nature of the phases present both are depending on the silica to nickel ratio [START_REF] Bykova | Stabilized Ni-based catalysts for bio-oil hydrotreatment: Reactivity studies using guaiacol[END_REF][START_REF] Ermakova | High-loaded nickel-silica catalysts for hydrogenation, prepared by sol-gel Route: structure and catalytic behavior[END_REF]. In this case, with higher loads of silica, there is an increase in the formation of nickel silicate species due to the interaction with the Ni-OH species on the surface of the nickel precursor, leaving unreacted sites until a critical composition of around 35% by weight of silica is reached, where there is a maximum amount of nickel silicate species formed. After this point, there is an increment in the formation of silica not interacting with the nickel precursor after the accessible Ni species has reacted to form silicate species, leading to the formation of Si-OH groups. This kind of behavior can be related with the mechanism of grow of silica under the conditions employed where nucleation sites, in our case the precipitated nickel hydroxides, are the point from where the silica species begin to grow into a polymeric silica material. Considering the previous hypothesis, for the purpose of estimate the percentage of each component present the precipitate obtained during the synthesis will be treated as Ni(OH)2, and the silica source will be assumed as Si(OH)4. The percentages thus obtained are tabulated in Table 9. In this case, all the values are over the minimal from which there is formation of free silica; however, the conditions employed differ between the reference and this project. In this work, the silica precursor is hydrolyzed in an aqueous media, where in the reported process this coating is obtained from direct reaction of the TEOS with the isolated nickel hydroxide. The deviation from the reported value can be linked to the complexity of the reacting mixture employed in the present research. In this case, there is not only interaction with the nickel hydroxide, but also the formation of free silica derived from the base catalyzed hydrolysis of TEOS. Nevertheless, there is a proportion where the interaction with silica reaches its highest point. The evidence from TPR, namely the maximum of the reduction peak at high temperature shows a displacement, reaching a maximum value for the Ni@SiO2-04 catalyst, and a minimum for the Ni@SiO2-05 material, while for the Ni@SiO2-06 is not detected. This behavior follows the trend observed for the acidity of the catalysts, indicating that the measured acid sites are a mixture of Si-OH and the nickel oxide surface species that can exhibit acidic properties due to Lewis or Bronsted sites [START_REF] Noguera | Theoretical investigation of acid-base properties of oxide surfaces[END_REF][START_REF] Auroux | Microcalorimetric study of the acidity and basicity of metal oxide surfaces[END_REF]. When enough silicate precursor species are present, they can react with the nickel surface reactive sites, neutralizing them and leading to a minimal acidity and a maximal interaction between the silica and nickel precursor. After this point, the high amount of silica precursor begins to form more free silica, leading to a twofold change in the catalyst: an increased acidity due to the formation of more Si-OH groups, and due to the fast nucleation and formation of silica oligomers, a decrease in the amount of such species that interact with the nickel precursor, reducing the presence and strength of the nickel-silicate interactions and leading to an increment of the exposed Ni surface; the effects discussed herein are summarized in Figure 50. Preliminarily, it would be expected that the catalytic activity somehow reflects those changes, either in selectivity or in the rate of reaction. A piece of evidence for this interplay between the silica oligomers and the Ni phase is given by the infrared spectra of the samples. For comparison, an infrared spectrum of silica obtained by TEOS hydrolysis in the same experimental condition was determined, and the data obtained are given in Figure 51. The signal around 1065 cm -1 is related to the asymmetric stretch of the Si-O-Si bond in the skeleton of the silica. The shift of this signal indicates the degree of substitution of the silica matrix as well as the strength of the interaction between the O and an atom different from silicon of the Si-O bond, with lower wavenumbers indicating a higher degree of substitution and interaction [START_REF] Innocenzi | Infrared spectroscopy of sol-gel derived silica-based lms: a spectra-microstructure overview[END_REF][START_REF] De Haan | Characterization of modified silica powders by fourier transform infrared spectroscopy and cross-polarization magic angle spinning NMR[END_REF][START_REF] Aguiar | Structural study of sol-gel silicate glasses by IR and Raman spectroscopies[END_REF]. As can be observed, the sample with the lowest quantity of Si present, Ni@SiO2-03 exhibits the more pronounced shift of this signal, indicating a strong interaction with the Ni phase that may be related to ionic interactions due to the presence of a phyllosilicate structure [START_REF] Wang | Ni nanoparticles entrapped in nickel phyllosilicate for selective hydrogenation of guaiacol to 2-methoxycyclohexanol[END_REF]. The sample Ni@SiO2-04 has a medium shift, and finally the Ni@SiO2-05 and Ni@SiO2-06 samples have the peak at the same position of a sample of silica prepared under the same conditions of the catalysts. For the Ni@SiO2-04 sample, this points to a diminished interaction in the interface of the Ni and SiO2 system, whilst for the Ni@SiO2-05 and Ni@SiO2-06 materials it shows that the silica matrix has a structure similar to free silica, with a rather low interaction. The peak at around 800 cm -1 , that is present in the Ni@SiO2-04, Ni@SiO2-05 and Ni@SiO2-06 samples, has been related to the stretching of Si-O-Si bonds. This indicates that, for these materials, the silica matrix could grow to develop an extended network with well-defined domines of pure silica; in the case of the Ni@SiO2-03 sample, this signal is incipient, supporting the hypothesis of the disruption of the formation of the silica matrix due to the presence of the metal hydroxide precipitate, leading to an enhanced formation of silicate species.

However, this precipitate can act as a nucleus for the growth of the silica species, thus enhancing the formation of phyllosilicate particles until a certain Ni to Si ratio. Afterwards, the polymerization of the TEOS to create silica is preferred over the formation of silicate species. This is supported by the strong Si-O-Si signal observed in the Ni@SiO2-06 catalyst, who has the highest amount of silica precursor related to the metal. This feature, as well as the presence of the Si-OH band at around 950 cm -1 , which has the highest intensity of all the samples analyzed, indicate the formation of a silica matrix like the pure support, in which the Ni is supported over silica created by the preferential polymerization of the silica precursors over the formation of silicate species with the nickel hydroxide. In addition, the shoulder around 1200 cm -1 , that increases in intensity with the silica loading, has been assigned to the presence of Si=O bonds [START_REF] Sitarz | The structure of simple silicate glasses in the light of Middle Infrared spectroscopy studies[END_REF], linked to the formation of denser silica networks based on SiO2 subunits. Considering this, the sharp reduction of both SBET and pore volume observed for the Ni@SiO2-06 sample is due to the formation of a less porous silica matrix, with a tighter packing of the SiO2 subunits. Also, the increased presence of Si-OH bonds could lead to a higher acidity, affecting the selectivity of the catalysts, especially for the obtention of products requiring the presence of acid sites like dehydration.

Figure 51. FTIR infrared spectrum of the Ni@SiO2 family of catalysts. Left, full range spectrum; right, magnification of the 1650 to 650 cm -1 range.

In the Figure 52 are shown the catalytic activity of the synthetized catalysts.

The main products in all the systems are cyclohexanol, methoxy cyclohexanol and cyclohexane. The low concentration of phenol in the samples as a primary product indicates that the hydrogenation of this substrate to form cyclohexanol proceeds with a high rate. In addition, there is a slight decrease in the yield of cyclohexane with a higher content of silicon related to the nickel load. Thus, there is an effect of the silica matrix over the hydrogenating or hydrogenolytic activity of the catalysts, related to the formation of a different phyllosilicate phase at higher contents of silicon during the hydrolysis step. This is contested by the case of the Ni@SiO2-06 catalyst, where the high content of silica leads to the formation of a distinct silica phase with lower interaction with the nickel phase. This is hinted by the FTIR-ATR spectra,

where the presence of an extended silica matrix quite similar to the pure silica matrix is supported by the signals at 1200 cm -1 and 960 cm -1 . Also, the TPR-H2 profile, where the absence of the expected nickel silicate peak over 600 °C, combined with the single peak at 206°C related to the reduction of the NiO species indicates the absence of interactions between the silica matrix and the nickel phase. It could be argued that the higher load of silicon increases the presence of acid sites, thus enhancing the dehydration from cyclohexanol to form cyclohexene and afterwards this compound would be hydrogenated to produce cyclohexane. From the TPD-NH3 profiles shown in Figure 33, it is possible to infer that this is a valid point, as the catalysts with the higher peaks show the highest yield of cyclohexane, namely Ni@SiO2-03 and Ni@SiO2-05. It is noteworthy that the yield of products at low conversion plotted in Figure 53 is practically the same, only with the slight tendency of the Ni@SiO2-04 catalyst to accumulate cyclohexanol. From conversion over 40%, there are differences in the product distribution, with the Ni@SiO2-03 and Ni@SiO2-06 generating more deoxygenated products, with a combined yield of cyclohexanol, cyclohexene, cyclohexane and benzene of around 15%. However, the Ni@SiO2-06 catalyst has a higher yield of cyclohexene and cyclohexane, around 7%, whilst the Ni@SiO2-03 has a yield of around 5%, indicating a higher ability of the Ni@SiO2-06 catalyst to dehydrate the intermediate cyclohexanol compared to the Ni@SiO2-03 system. The Ni@SiO2-04 catalyst has a yield of totally deoxygenated products below 2%, with a yield of cyclohexanol of almost 21%, reinforcing the role played by the acidic sites in the conversion of this intermediate to saturated compounds. It is noticeable the effect of the presence of acidic Si-OH groups in the stability of the catalysts, as the catalyst with the highest amount, Ni@SiO2-06, becomes deactivated quickly, reaching a plateau in its activity at around 40% of conversion at 4 hours, while the other catalysts do not become deactivated under the employed conditions. This can be caused by a raised production of coke that deposits over the catalyst, leading to its deactivation.

The change in selectivity observed points to a reaction pathway which involves the competition between the adsorption of the guaiacol to be transformed into phenol and cyclohexanol, and the adsorption of cyclohexanol to yield cyclohexane via cyclohexene as intermediate. Also, the silica shell seems to play a more important role in the conversion of the secondary products rather than in the conversion of guaiacol, considering that the acidity of the catalyst can be linked largely to presence of Si-OH groups.

This point would be of importance for the Ni@SiO2-06 material, where a higher acidity is expected related to the increased number of Si-OH groups, as deduced by the intensity of the band characteristic for this group in the FTIR-ATR spectrum. The increased presence of acidic groups in the Ni@iO2-06 sample explains the raise in the yield of cyclohexene derived from the dehydration of cyclohexanol. However, due to the low acidic strength of the Si-OH groups, this role may be dependent on the presence of imperfections in the silanol network caused by the insertion of Ni +2 species during the synthesis of the material, or to interactions at the interphase of the nickel and silica matrix, as suggested for Ir/Pt-based catalysts supported over ZSM-5 zeolite [START_REF] Pawelec | Factors influencing selectivity in the liquid-phase phenol hydrodeoxygenation over ZSM-5 supported Pt/Ir and Pt+Ir catalysts[END_REF]. Considering the initial rates of guaiacol conversion summarized in Table 10, there is a monotonic decrease of the rate of conversion of guaiacol as the silica load is increased, with a plateau at a ratio Ni to Si over at 2.0 or higher. This is expected, since the higher load of silica would lead to more interaction with the Ni phase as well as an increment of the silica matrix thickness, thus reducing the access of the substrate to the active sites. However, the slight raise obtained for the material Ni@SiO2-06 compared to Ni@SiO2-05 indicates that the catalytic activity is linked to morphological aspects, related to the silica matrix, until a certain point. Afterwards, the high amount of silica serves as a dispersing agent until a certain point, enhancing the dispersion of the nickel phase. Morphologically, with a higher amount of silica precursor, exists a competition between the formation of phyllosilicates with the nickel precursor and the condensation of the oligomers to create free silica instead of nickel phyllosilicate species [START_REF] Han | Unraveling the growth mechanism of silica particles in the stöber method: In situ seeded growth model[END_REF][START_REF] Flodström | Mechanism of mesoporous silica formation, a time-resolved NMR and TEM study of silica-block copolymer aggregation[END_REF][START_REF] Okubo | Seed polymerization of tetraethyl ortho silicate in the presence of rod-like colloidal particles of anionic palygorskite and cationic -FeO(OH)[END_REF]. At the highest load of TEOS, the interaction with the Ni(OH)2 surface is disrupted due to the raised formation of silica phase caused by the high concentration of silica oligomers. This also leads to the formation of more Si-OH groups observed through FTIR-ATR and supported by the results from the TPD-NH3 and TPR-H2 experiments. The change in acidity observed by TPD-NH3, where a minimum acidity is reached for the Ni@SiO2-04 material, indicates a saturation point where the available Si-OH and Ni-OH groups are consumed. Also, the TPR-H2 indicates the existence of a maximal interaction with the silica matrix for the Ni@SiO2-04 catalyst having the highest reduction temperature of all the samples. In addition, the quantity of active sites determined by CO chemisorption indicates that the Ni@SiO2-03 catalyst exhibits the highest number of total sites, whilst the samples Ni@SiO2-04 and Ni@SiO2-05 have the same quantity of active sites measured by CO chemisorption, with the Ni@SiO2-06 sample having the lowest quantity of active sites. Thus, it can be postulated that the formation of the silica matrix occurs over the surface of the nickel hydroxide until a molar ratio of 1 to 1.5 metal to silicon. Afterwards, the growth of the silica occurs over the adhered silica over the nickel substrate, serving as a dispersing aid and increasing the thickness of the silica around the nickel hydroxide; such behavior has been reported in other catalysts where calcined nickel oxyhydroxide was treated with TEOS to produce a layer of silica over 122 the material [START_REF] Ermakova | High-loaded nickel-silica catalysts for hydrogenation, prepared by sol-gel Route: structure and catalytic behavior[END_REF]. However, the high load of TEOS present in the Ni@SiO2-06 material leads to the formation a silica matrix with low presence of phyllosilicate phase, or to spheres of pure silica over which the Ni is deposited as a film. From the CO chemisorption data, the dispersion shows the following trend: Ni@SiO2-04 < Ni@SiO2-05 = Ni@SiO2-03 < Ni@SiO2-06. This supports the idea of a reduced number of Ni atoms exposed in the Ni@SiO2-04 sample, as well as the dispersing effect of the silica oligomers for the Ni@SiO2-05 and Ni@SiO2-06 samples. The increased dispersion in the Ni@SiO2-06 system supports the formation of a film of the metal over spherical particles of silica mixed with particles of the metal, thus the combined metal surface would be higher. For the Ni@SiO2-03 system, the stabilization due to the formation of the phyllosilicate species leads to a raised dispersion compared to the Ni@SiO2-04 and Ni@SiO2-05 samples, even when these materials have a lower metal content.

123 To analyze the effect of employing variable concentrations of either salicylic acid or catechol on the activity of Ni-based systems, a series of materials were prepared for this purpose. In Table 12, are given the data for the prepared nickel catalysts, modified with different amounts of salicylic acid or catechol, at a constant nickel to silicon ratio of 1 to 1.2 in a molar basis. Textural properties and CO uptake of the catalysts prepared are given in Table 12, and the nitrogen physisorption isotherms are shown in Figure 52 for the salicylic acid modified systems and in Figure 54 for the catechol treated ones.

The treatment with salicylic acid has a detrimental effect on the surface area, since all the samples have lower SBET values compared to the untreated Ni@SiO2-03 catalyst. This reduction of the SBET can be explained considering that the presence of the salicylic acid inhibits the formation of the fibrous and less dense phyllosilicate phase [START_REF] Li | Facile synthesis of high surface area yolkshell Ni@Ni embedded SiO2 via Ni phyllosilicate with enhanced performance for CO2 reforming of CH4[END_REF], thus reducing the surface area.

However, there is a beneficial effect on the pore volume, that increases in the presence of salicylic acid, except for the Ni-AS-01 catalyst. The reduction of pore volume observed in this catalyst can be related to a partial densification of the silica induced by the presence of salicylic acid that has been observed in other catalysts discussed in this manuscript. The hydrophobic aromatic ring reduces the local concentration of water, promoting the formation of Si-O-Si or Si=O around the nickel surface. Since this additive is destroyed during the calcination of the materials, the gains in porosity due to its removal compensate for the denser and less porous silica matrix. Nevertheless, for the Ni-AS-01 sample, the increment is not enough to overcome the induced densification of the silica phase, thus reaching a minimum of pore volume.

Other option would be the intercalation of the salicylate species in the layered structure of the precipitated Ni(OH)2 [START_REF] Hall | Nickel hydroxides and related materials: A review of their structures, synthesis and properties[END_REF][START_REF] Ermakova | High-loaded nickel-silica catalysts for hydrogenation, prepared by sol-gel Route: structure and catalytic behavior[END_REF] causing their separation, thus raising the total pore volume, without increasing the surface area. and their size distribution is given in Figure 58. In all samples, the presence of phyllosilicate is noticed as the fiber-like structure observed in the images. For the Ni-AS04 sample, there is a reduction of the presence of this phase, seen as less fibers at the same magnification, indicating that the treatment with salicylic acid is inhibiting the formation of this phase. This reduced presence of phyllosilicate can be explained by the tendency of the Ni to form chelates with the salicylic acid [START_REF] Vartak | Stability Constants of some substituted Salicylic Acids and their Complexes[END_REF][START_REF] Yukito | Stability Order in Metal Chelate Compounds . II. 5-(p-Sulfophenylazo)-salicylate Complexes[END_REF]; during the synthesis, the oligomers of the silica are blocked to interact with the surface of the Ni(OH)2 precipitate, thus the phyllosilicate phase is not formed since the first step for its apparition is the interaction between the surface Ni-OH groups and the silica source [START_REF] Burattin | Ni/SiO2 materials prepared by depositionprecipitation: influence of the reduction conditions and mechanism of formation of metal particles[END_REF].

Another aspect to notice is the rather uniform size distribution for the Ni-AS02 sample, around 5 nm. Compared to the untreated material, Ni@SiO2-03, there is a reduction of 4 nm for the salicylic acid modified catalyst. For the sample Ni-AS04, with the highest employed amount of salicylic acid added, it is observed a smaller particle size, around 3 nm, confirming the role of the salicylic acid in dispersing the nickel phase during the synthesis of the materials. In the case of the catechol-treated systems, there is no appreciable changes in the particle size between the lowest and highest amount of modifier employed, albeit the particle size is lower than the unmodified sample. Thus, the role of the catechol during the synthesis is related to modifications of the oxidation state of the nickel at the interface, without modifying the dispersion of the nickel phase, instead of forming complexes that could disperse and stabilize the nickel phase throughout the catalyst.

This can be linked to the reduction of Ni +2 species by catechol, observed during the synthesis as a change in color from light green to gray. This change in color is due to the formation of Ni 0 particles, with a stronger gray hue and a faster development of the grayish color at higher catechol's 129 proportion, different from the salicylic acid systems, where there is no change in color. separation combined with the absence of satellite peaks for this signal [START_REF] Biesinger | Resolving surface chemical states in XPS analysis of first row transition metals, oxides and hydroxides: Cr, Mn, Fe, Co and Ni[END_REF][START_REF] Biesinger | X-ray photoelectron spectroscopic chemical state Quantification of mixed nickel metal, oxide and hydroxide systems[END_REF][START_REF] Grosvenor | New interpretations of XPS spectra of nickel metal and oxides[END_REF]. For the rest of the samples, this signal near 853 eV, coupled with its satellite peak can be linked to the presence of NiO phase in the material [START_REF] Dupin | Systematic XPS studies of metal oxides, hydroxides and peroxides[END_REF].

In the case of the O 1s region, all the samples exhibit a signal around 532.6

eV, which is related to the Si-O-Si structure of the silica matrix [START_REF] Mekki | XPS study of transition metal doped silicate glasses[END_REF][START_REF] Odenbrand | Characterization of silica-titania mixed oxides[END_REF][START_REF] Hochella | Aspects of silicate surface and bulk structure 208 analysis using X-ray photoelectron spectroscopy (XPS)[END_REF].

In addition, the samples Ni-AS-01, Ni-AS-03, Ni-AS-04, Ni-COL-01 and Ni-COL-03 exhibit a peak at around 530 eV, that is ascribed to O 2-species in the NiO phase [START_REF] Dupin | Systematic XPS studies of metal oxides, hydroxides and peroxides[END_REF], which relates to the observed Ni +2 species for those samples. In addition, the sample Ni-AS-03 also shows a distinct peak at lower binding energy, 529.5 eV. This peak is rationalized as the peak due to the presence of a metal-bonding Si-O-Ni structure in this material [START_REF] Mekki | XPS and magnetization studies of cobalt sodium silicate glasses[END_REF][START_REF] Dalby | Resolution of bridging oxygen signals from O 1s spectra of silicate glasses using XPS: Implications for O and Si speciation[END_REF].

Finally, the Si 2s region of all the catalysts exhibits only one peak, related to the presence of the SiO4 motif, centered around 154 eV [START_REF] Odenbrand | Characterization of silica-titania mixed oxides[END_REF]. To analyze the interactions between the silica matrix and the Ni particles, their TPR-H2 profiles as well as FTIR-ATR spectra were measured. The FTIR-ATR spectra of the salicylic acid treated samples are given in Figure 66.

The band at around 1100 cm -1 , indicative of the degree of interaction between the nickel and the silica, is shifted to higher wavenumbers for the samples Ni-AS01, Ni-AS03 and Ni-AS04 compared to the untreated Ni@SiO2-03 catalyst, whilst the Ni-AS02 catalyst has a similar maximum. This, in combination with the presence of a more pronounced band around 800 cm -1 due to the Si-O-Si bonds in the silica matrix and the shoulder at around 1200 cm -1 for the samples Ni-AS01, Ni-AS03 and Ni-AS04 indicates the formation of a silica matrix with reduced interactions with the metal and slightly denser. For the Ni-AS02 catalyst as well as for the control Ni@SiO2-03, the shoulder at 1200 cm-1 and the signal for the Si-O-Si bonds in the silica matrix at 800 cm -1 are diminished, indication of a reduced extension of the silica matrix as well as a modification of the structure. In addition, there is a more pronounced signal at around 650 cm -1 , that has been linked to the presence of nickel silicate species [START_REF] Sohn | Catalytic activities of nickel-containing catalysts for ethylene dimerization and butene isomerization and their relationship to acidic properties[END_REF][START_REF] Babu | Infrared spectral characteristics of metal-support interactions in Ni-Silica catalysts[END_REF]. This result agrees with the results of the TEM analysis, Finally, the normalized intensity of the TPR-H2 signal related to the presence of silicate and phyllosilicate species in the catalysts decreases with the raise in catechol added during the synthesis, supporting the hypothesis of an obstruction of the formation of said phase due to the catechol added.

In the case of the salicylic acid modified catalysts, their TPR-H2 profile show the presence of a signal around 200 °C, with evolution of water, methane, and carbon dioxide. These products are related to the decomposition of remnants of salicylic acid not destroyed during the calcination of the samples as well as the reduction of NiO species with low interaction with the silica, and for the Ni-AS03 catalyst a sharp peak at 330 °C related to NiO species with stronger interaction with the silica [START_REF] Mile | The location of nickel oxide and nickel in silica-supported catalysts: Two forms of "NiO" and the assignment of temperature-programmed reduction profiles[END_REF]. For the samples Ni-AS02 and Ni-AS03, it is possible to detect a peak at high temperature, around 660 °C, related to the reduction of the nickel phyllosilicate species present in the catalyst, in a ratio 2:1 Si:Ni. For the Ni-AS01 sample, this peak is masked due to the drift of the baseline, and for the Ni-AS04 sample, the TPR-H2 signal is located at around 630 °C, corresponding to a nickel phyllosilicate phase with a 1:1 ratio Ni to Si [START_REF] Wang | Ni nanoparticles entrapped in nickel phyllosilicate for selective hydrogenation of guaiacol to 2-methoxycyclohexanol[END_REF]. In this case, the salicylic acid behaves similarly as in the Co-AS systems, acting as a stabilizer of the lamellar structure of the Ni(OH)2 [START_REF] Kamath | Stabilization of -nickel hydoxide in the presence of organic additives: Chemical route to bulk synthesis[END_REF][START_REF] Poul | Layered hydroxide metal acetates (metal = zinc, cobalt, and nickel): Elaboration via hydrolysis in polyol medium and comparative study[END_REF], which serves as the precursor for the reaction with the silica oligomers present in the reaction media, leading to an increased formation of the 1:1 phase of this phyllosilicate. Considering the data obtained from the FTIR-ATR and TPR-H2 experiments, it is possible to explain the striking difference in selectivity observed for the Ni-AS02 catalyst. In the FTIR-ATR, this catalyst shows a diminished presence of extended silica domains, coupled with an intense interaction due to the presence of the phyllosilicate phase. This interaction is different from the other catalysts, where the strength of said interaction is lower than the Ni-AS02 catalyst from the shift of the band around 1100 cm -1 . In addition, the TPR-H2 profile clearly shows the presence of both silicate and phyllosilicate species, as a peak in the range from 600 °C to 650 °C. The Ni-AS03 and Ni-AS04 also exhibit this signal in their TPR-H2 profile; however, for the Ni-AS04 this signal is of lower intensity, and for the Ni-AS03 signal, there are species of NiO of smaller size, detected as a peak around 330 °C. Those species could be responsible for the enhanced formation of cyclohexanol from the hydrogenation of phenol, but without exhibiting the hydrogenolytic activity observed for the Ni-AS02 sample. Also, the presence of phyllosilicate phase has been reported as a source of Lewis acid sites [START_REF] Wang | Ni nanoparticles entrapped in nickel phyllosilicate for selective hydrogenation of guaiacol to 2-methoxycyclohexanol[END_REF], and these sites could The materials modified with salicylic acid exhibit an interesting behavior regarding their catalytic activity: the initial rate increases monotonically up to a 1:0.128 ratio, and then the activity decreases, as observed in Figure 73. This trend can be linked to two main factors: decreasing particle size and the presence of an active nickel phyllosilicate phase, able to enhance the activity of the Ni phase. From the TEM analysis, this result is surprising, because a higher activity would be expected from the catalyst with the smaller particle size due to its better dispersion. However, the observed trend is that at the maximum load of salicylic acid, the initial rate falls to the same value as the one for the untreated material. This behavior indicates a structural sensitivity for the conversion of guaiacol; this phenomena has been reported for phenol, where smaller Ni particle size leads to reduced activity and diminished hydrogenation activity [START_REF] Mortensen | Influence on nickel particle size on the hydrodeoxygenation of phenol over Ni/SiO2[END_REF]. In addition, anisole conversion over Pt catalysts with different particle size exhibits the inverse behavior: smaller particles lead to higher initial rates and higher hydrogenation activity [START_REF] Shivhare | Metal -Acid Synergy : Hydrodeoxygenation of Anisole over Pt / Al-SBA-15[END_REF]. In our case, the dominant effect is a diminished activity, indicating that the OH group has a stronger effect over the reactivity of the guaiacol than the methoxy group.

Also, the presence of the nickel phyllosilicate species with a 2:1 Ni to Si ratio, determined by the TPR-H2 analysis, can lead to an increased activity, due to the presence of vacancies and Lewis' acid sites in this phase [START_REF] Wang | Ni nanoparticles entrapped in nickel phyllosilicate for selective hydrogenation of guaiacol to 2-methoxycyclohexanol[END_REF]. This is supported by the fact that the two catalysts with the highest activity, Ni-AS02

and Ni-AS03, also exhibit the highest presence of this nickel phyllosilicate phase, according to their TPR-H2 profiles. For the Ni-COL family, there is a maximum of activity in the Ni-COL01 sample, then a decrease of the observed rates to almost the same value for the Ni-COL02 and Ni-COL03 samples. Thus, in addition of the effect over the selectivity observed, the use of catechol causes a shift in the catalytic activity, that differs from the effect of the salicylic acid in two points: the highest activity is reached at lower concentration of catechol, and the raise in activity caused by this treatment is lower than the effect obtained using salicylic acid. Since there is no appreciable change in the particle size between samples of the catalysts treated with catechol, another factor must be responsible for the drop of activity with increased concentration of catechol and its reduced effect over the activity compared to the salicylic acid. For the latter, the ability of dispersing the nickel phase throughout the catalyst's matrix exhibited by the salicylic acid explains why this additive has such beneficial effect over the activity of the catalysts, and since the catechol has not such ability, it does not improve the rate of reaction with increasing concentration.

The reduction of the activity at higher concentration of catechol is related to the observed inhibition of the formation of the phyllosilicate phase discussed in the TPR-H2 analysis, and since this phase has a beneficial effect in the activity, it is expected that less presence of said phase leads to diminished activity. However, the catalytic activity is somewhat recovered at the highest amount of catechol employed, due to the presence of more active sites, as determined by the CO chemisorption data.

In conclusion, for the conversion of guaiacol, the use of salicylic acid as an additive during the synthesis of the nickel catalysts has a beneficial effect due to the reduction of the particle size which conduces to a better dispersion, and the promotion of the formation of a 2:1 Si:Ni phyllosilicate phase that apports coordination sites that enhance the conversion of guaiacol. However, this is limited up to a 13% mole; after this concentration, the particles become too small, leading to a sharp fall in the activity of the catalyst, with a reduced presence of the phyllosilicate phase. Regarding the use of catechol, this additive has a not so beneficial effect, since it cannot raise the activity in such a significant proportion as the salicylic acid, because this substance has reduced ability to disperse the nickel phase, and tends to act more as a reducing agent, enhancing the formation of Ni 0 during the synthesis of the catalysts. This phenomenon conduces to a reduction in the formation of the 2:1 Si:Ni phyllosilicate, since the Ni 0 forms over the surface of the Ni(OH)2

precipitate, partially shielding it from the interaction with the silica oligomers, preventing the apparition of phyllosilicate species. Part of the present project involved the study of different formulations of bimetallic catalysts; in this chapter, the main results obtained for unmodified bimetallic catalysts with a 1 to 1 molar ratio between the metals will be presented and discussed. The metal content of the catalysts, total acidity and some textural properties are given in Table 15, for catalysts prepared with a metal to silicon ratio of 1 to 1.2.

The lowest surface area is obtained for the Co:Cu-1:1-UNT catalyst; then the Cu:Ni1:1-UNT and the highest value corresponds to the Ni:Co-1:1-UNT system. This trend can be rationalized considering a more complex pore structure for the Co/Ni catalyst; since the Ni and Co hydroxides possess lamellar structure [START_REF] Hall | Nickel hydroxides and related materials : a review of their structures , synthesis and properties[END_REF][START_REF] Brownson | Nanostructured -and -cobalt hydroxide thin films[END_REF], it is possible to trap water in their structure; after the formation of the silica matrix and calcination, this water is removed, leading to a higher surface area. The addition of Cu, whose hydroxide has a different structure, with a closer packing [START_REF] Oswald | Structure of copper(II) hydroxide, Cu(OH)2[END_REF], would lead to a diminished capture of particles in the layered hydroxide. Thus, the gains in surface area due to the elimination of those substances, observed for the Co/Ni catalyst, is abated in the Cu/Ni and Co/Cu systems. unusual hysteresis loop, a combination of features related to a complex pore structure, with networking effects of importance, as well of pore blocking phenomena [START_REF] Thommes | Physisorption of gases, with special reference to the evaluation of surface area and pore size distribution (IUPAC Technical Report)[END_REF]. Also, the more complex pores structure in the Cu/Ni-1/1-UNT catalyst could be another factor contributing to the higher surface area compared to the other two catalysts, in addition to the factors discussed in the precedent paragraph.

The BJH pore-size distribution, given in Figure 75, indicates that all the catalysts have mesopores between 35 to 45 nm of diameter; the inset shows that a small contribution of smaller diameter mesopores is present for the Cu/Ni-1:1 catalyst, at around 9 nm, and for the Co/Ni-1:1 there is also a contribution of smaller mesopore below 5 nm, that could be related to the complex network, where smaller pores link pores of bigger diameter, or act as an exit for the gases to enter and leave the bigger pores. 161

The acidity of the catalysts was measured by means of a TPD-NH3 experiment, and the results are summarized in Table 14 and plotted in Figure 76. All the bimetallic materials present an equal or higher acidity compared to their monometallic counterparts, due mainly to weak acid sites, with a maximum of NH3 desorption around 150 °C. The rise in the total acidity can be related to the raise in imperfections due to an enhanced interaction with the silica matrix of the Co/Ni material, whilst for the Cu/Ni material the presence of copper, an azophilic metal, could provide anchoring sites for the ammonia adsorption through coordination with copper sites [START_REF] Mathew | Thermal Decomposition Studies on Amine Complexes of Copper(II) Nitrate in Solid State[END_REF][START_REF] Chen | Interpretation of -NH 3 -TPD Profiles from Cu -CHA Using First -Principles Calculations[END_REF], thus raising the measured acidity. to Co and the signal at 694 °C is due to the reduction of cobalt silicate species [START_REF] Bagnasco | TPR/TPO characterization of cobalt-silicon mixed oxide nanocomposites prepared by sol-gel[END_REF]. For the Cu/Ni catalyst, the reduction peak at 175 °C is also related to the reduction of Cu and Ni oxides, causing the asymmetric shape of the peak [START_REF] Ungureanu | Synthesis of highly thermostable copper-nickel nanoparticles confined in the channels of ordered mesoporous SBA-15 silica †[END_REF][START_REF] Srivastava | Synergism studies on aluminasupported copper-nickel catalysts towards furfural and 5hydroxymethylfurfural hydrogenation[END_REF], whilst the peak at 624 °C is linked to the presence of strong interacting nickel species, i.e. phyllosilicates [START_REF] Loaiza-Gil | Thermal decomposition study of silica-supported nickel catalyst synthesized by the ammonia method[END_REF]. Finally, the Co/Ni sample has a more complex profile in the range between 150 to 400 °C. The most prominent peak is centered around 228 °C, related to the reduction of the mixed oxides of Co and Ni over a non-reducible support, with a separate peak at 342 °C related probably to the reduction of the monometallic CoO material [START_REF] Bagnasco | TPR/TPO characterization of cobalt-silicon mixed oxide nanocomposites prepared by sol-gel[END_REF][START_REF] Mejía | Cobalt-Nickel Nanoparticles Supported on Reducible Oxides as Fischer-Tropsch Catalysts[END_REF]. The peak at 666 °C is related to the presence of cobalt and nickel species interacting strongly with the support; however, there is a reduction in the temperature compared to the monometallic materials, thus the mixture has a diminished interaction with the silica matrix [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]. In Table 17 are given the stability constants for the ammonia complexes present during the synthesis. Assuming the cations have around the same concentration during the synthesis (7.5 x 10 -2 mole L -1 ), the proportion of unbound cation available to react with the silica oligomers increases following the order Cu < Ni < Co, thus the Cu/Co mixture is expected to show the formation of definite silicate species of Co. This is aligned with the XRD data, where the presence of cobalt silicate was determined. In general, due to the rather low value of the equilibrium constant for the cobalt ammonia complex compared to the other complexes, it is expected that the formulations involving this cation will show a preponderant presence of the cobalt silicate phase because of the higher concentration of free Co +2 present. This is confirmed by evaluating the XRD data, where the Ni/Co system shows the presence of silicate species, linked to both metals, and it is supported by the enrichment in Ni of the surface of this catalyst observed through XPS analysis. This is further supported by the results from the TPR-H2 analysis, where the samples containing Co show a peak over 600 °C, that has been related to the presence of cobalt silicate species and, for the Ni/Co catalyst, a proportion of nickel phyllosilicate species is expected to be present and contribute to the signal at high temperature [START_REF] Bagnasco | TPR/TPO characterization of cobalt-silicon mixed oxide nanocomposites prepared by sol-gel[END_REF][START_REF] Mejía | Cobalt-Nickel Nanoparticles Supported on Reducible Oxides as Fischer-Tropsch Catalysts[END_REF][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].

For the catalytic activity, the results are given in Figure 82 for each material, and an isoconversion plot at near 20% and 45 % of conversion is given in Figure 83. It can be noticed that all the catalysts exhibit a high activity for the conversion of guaiacol. The differences in formulation are reflected in the selectivity observed. For example, the catalysts containing cobalt have an increased yield of phenol as product, as can be seen in Figure 76. Also, formulations containing nickel tend to produce more 2-methoxycyclohexanol.

Both substances -phenol for the Co-containing materials and 2methoxycyclohexanol for the Ni-containing ones-are characteristic primary products for the monometallic counterparts. Based on this, it is proposed that the observed selectivity can be roughly related to the surface ratio of each metal, acting independently from each other. This claim is supported by the metal-to-metal ratio obtained from the XPS measurement, shown in Figure 84. For the CuNi-1:1 sample, the surface is around 80% Ni, essentially being Ni decorated with Cu; for the CoCu-1:1 sample, there is around 40% of Co in excess in the surface, whilst for the CoNi-1:1, the surface exhibits a 40% of enrichment in Ni. When a comparison of the initial rates is made, normalized by metal loading as shown in Table 17, the most active catalyst is the Co:Ni-1:1 material, followed by the Cu:Ni-1:1 catalyst and finally the Co:Cu-1:1 sample. It is interesting that the Co:Ni-1:1-UNT sample exhibits a strong synergy between the metals, since the rate is raised by 30% if considering only a not interacting system. However, Cu has a negligible effect on the Cu:Ni-1:1-UNT system, since the rate remains unchanged compared to the monometallic counterpart, whilst for the Co:Cu-1:1-UNT sample there is a significant raise in the initial rate of 30% compared to the monometallic Co catalyst.

Considering the reducibility of the catalysts measured by TPR-H2, it can be concluded that this is not the main factor governing the increased activity, because the catalyst with the lowest reduction temperature, Cu/Co, is not the one with the highest rate. Thus, another factor is involved in this raise of activity in addition to the reducibility of the materials. In bimetallic nickel-cobalt catalysts, the interaction between both metals has been reported to form alloys with decreased metallic character for the Ni component and an enhanced adsorption of guaiacol [START_REF] Blanco | Synergy between Ni and Co nanoparticles supported on Carbon in Guaiacol conversion[END_REF] and a better dispersion of the active phase at equimolar load of both Co and Ni [START_REF] Parikh | Selective Hydrogenation of Furfural to Tetrahydrofurfuryl Alcohol Using Supported Nickel-Cobalt Catalysts[END_REF]. These phenomena, taken together, explain the synergistic effect observed for the Co/Ni catalyst. Also, the rather high acidity observed for this catalyst can be related to a mixture of acid sites and to adsorption of ammonia over the metals' surface, thus increasing the measured acidity [START_REF] Chen | Interpretation of -NH 3 -TPD Profiles from Cu -CHA Using First -Principles Calculations[END_REF][START_REF] Wang | In Situ-DRIFTS Study of Selective Catalytic Reduction of NOx by NH3 over Cu-Exchanged SAPO-34[END_REF]. Considering the presence of unsaturated Lewis' acid sites, those can act as anchoring sites for the guaiacol molecule, leading to an increased rate for the conversion of the substrate.

TEOS, a probable situation in this case is the deposition of a cobalt layer over copper particles formed in the silica matrix, composed of cobalt silicates and pure silica, behavior suggested for Co/Cu formulations supported on alumina [START_REF] Nezam | Condensed-Phase Ethanol Conversion to Higher Alcohols over Bimetallic Catalysts[END_REF]. Thus, the reactive surface would be pure Co with enhanced reducibility due to the Cu phase underneath. Since there is no change in the active surface compared to the monometallic Co catalyst, the selectivity remains unmodified for the guaiacol conversion. Another explanation would be that the Cu phase has a low intrinsic activity, thus the copper centers are not active; however, their presence could serve as adsorption sites for the guaiacol molecules, allowing for an easier conversion by the Co sites, in a cooperative mechanism. Both claims are supported by the metal-to-metal surface ratios obtained from the XPS analysis, where the Co content in the surface is around 40% higher than the expected for a homogeneous 1 to 1 composition.

Finally, the zero change in the initial rate for the Ni/Cu system, coupled with a marked difference in selectivity compared with the monometallic system, indicates that the presence of Cu on the system enhances the aromatic ringhydrogenating ability of Ni, suppressing other conversion pathways like phenol formation. The combination of both effects leads to an overall zero change in the rate of conversion of guaiacol, that is unexpected since there are reports of synergy in formulations based on Cu and Ni [START_REF] Nezam | Condensed-Phase Ethanol Conversion to Higher Alcohols over Bimetallic Catalysts[END_REF][START_REF] Ambursa | Bimetallic Cu-Ni catalysts supported on MCM-41 and Ti-MCM-41 porous materials for hydrodeoxygenation of lignin model compound into transportation fuels[END_REF].

Considering that the alloying of the Ni and Cu is prevented by the formation of phyllosilicates of Ni [START_REF] Ungureanu | Synthesis of highly thermostable copper-nickel nanoparticles confined in the channels of ordered mesoporous SBA-15 silica †[END_REF], it is plausible to consider that, with the route employed in this work, where the formation of phyllosilicate species is favored, the formation of an alloy between both metals is disfavored, thus a synergistic effect is not observed.

The previous argument is supported by the data from the XRD analysis; the phase detected by XRD is a Cu enriched one, with around 5% of Ni, and diffractions corresponding to the nickel silicate phase are also present.

However, the TPR-H2 analysis shows that there is an increased reducibility, but no effect over the activity. In this case, it might be possible to consider that the Ni deposits over a Cu nucleus, due to the differential interaction between the Ni and Cu cations with the silica oligomeric precursors; this is supported by the XPS analysis, that indicates that the Ni content is around 80% on the surface. Thus, the presence of this bimetallic phase enhances the reducibility of the Ni deposited on the Cu, presumably by electronic effects [START_REF] Khromova | Anisole hydrodeoxygenation over Ni -Cu bimetallic catalysts : The effect of Ni / Cu ratio on selectivity[END_REF]; the metallic nickel formed then catalyzes the reduction of the Cu phases, leading to an easier reduction of both metals. With the increased reducibility of the Ni layer, its hydrogenating ability increases and the formation of 2-methoxycyclohexanol is preferred. Other point of interest is the reduced formation of cyclohexene compared to the monometallic Ni catalyst, that could be related to either a diminished production of cyclohexanol or to a lower presence of acid sites to catalyze the dehydration of the alcohol. The latter proposal is in contradiction with the TPD-NH3 data, where the Cu/Ni-1/1-UNT is the more acidic of the catalysts and a higher yield of cyclohexene would be expected from the dehydration of cyclohexanol. Considering that the dehydration activity has been linked to a higher quantity of Brønsted acid sites [START_REF] Li | Evolution of a Metal-Organic Framework into a Brønsted Acid Catalyst for Glycerol Dehydration to Acrolein[END_REF][START_REF] Weingarten | Design of solid acid catalysts for aqueous-phase dehydration of carbohydrates : The role of Lewis and Brønsted acid sites[END_REF], a diminished formation compared to the monometallic Ni catalyst suggests a lower quantity of such sites in the bimetallic system. In fact, it is possible that the higher acidity observed includes both the presence of Brønsted acid sites, and the coordination of the ammonia molecule with the Cu and Ni species acting as Lewis acid sites [START_REF] Chen | Interpretation of -NH 3 -TPD Profiles from Cu -CHA Using First -Principles Calculations[END_REF][START_REF] Wang | In Situ-DRIFTS Study of Selective Catalytic Reduction of NOx by NH3 over Cu-Exchanged SAPO-34[END_REF]. The presence of those Lewis acid sites leads to a better adsorption of guaiacol, that can be quickly hydrogenated over the easier to reduce catalyst, without changing the selectivity.

Returning to the selectivity issue, at higher conversion, around 60%, the catalysts show differences in their selectivity, as observed in This increased production of cyclohexane, with low presence of cyclohexene as intermediate is linked to the higher hydrogenating activity, that allows for the fast conversion of cyclohexene to cyclohexane, as well as an increased hydrogenolytic activity due to the presence of copper [START_REF] Raju | Studies on continuous selective hydrogenolysis of glycerol over supported Cu-Co bimetallic catalysts[END_REF][START_REF] Ardila | Glycerol hydrodeoxygenation to 1,2-propanediol catalyzed by CuPd/TiO2-Na[END_REF]. The production of benzene is of interest since it hints to the participation of some Cu sites in the cleaving of the C-O bonds of the guaiacol moiety. This is in accordance with reports of the activity of copper as a hydrogenolysis catalyst in the conversion of glycerol to 1,2-propanediol, alone or mixed with Co [START_REF] Raju | Studies on continuous selective hydrogenolysis of glycerol over supported Cu-Co bimetallic catalysts[END_REF] or with Pd [START_REF] Ardila | Glycerol hydrodeoxygenation to 1,2-propanediol catalyzed by CuPd/TiO2-Na[END_REF], where the cleavage of the C-O bond is favored, as well with the conversion of guaiacol over Cu catalysts supported on mixed oxides of magnesium and aluminum [START_REF] Kong | Boosted Hydrodeoxygenation of Lignin-Derived Phenolics to Cycloalkanes with a Complex Copper Acid Catalyst[END_REF] and the conversion of anisole over a copper chromite catalyst [START_REF] Deutsch | Hydrodeoxygenation of lignin model compounds over a copper chromite catalyst[END_REF]. With the conditions employed, the catalyst Co-AS-02 it was not possible to analyze, because the conversion obtained at the highest flow was 98%. For the other catalysts, the selectivity of each product as a function of the conversion were plotted, and the Delplot graphs thus obtained can be used to obtain information about the reaction pathways of the catalysts [START_REF] Bhore | The Delplot Technique: A New Method for Reaction Pathway Analysis[END_REF][START_REF] Yun | Applicability of the Delplot method for the determination of catalytic reaction sequences: Hydrodeoxygenation of -valerolactone on Ni2P/MCM-41[END_REF]. In addition, the stability of the Co/Ni-1/1-UNT and Ni-AS03 catalysts was studied, since both were the most active samples for the conversion of guaiacol in the previous tests.

The results for the Cu/Ni-1/1-UNT catalyst are given in Figure 85. The main feature is the predominance of 2-methoxycyclohexanol at every conversion value, indicating that this compound is a primary product, and that the direct hydrogenation of the aromatic ring of guaiacol is the faster process under the conditions employed, reflecting the trend observed in the batch reactor studies. The low selectivity to phenol, combined with the high selectivity to methanol and cyclohexanol, indicates that the demethoxylation to produce phenol is also a primary step for this catalyst, coupled with a fast aromatic ring hydrogenation to produce cyclohexanol. The production of catechol and methanol remains low at every conversion value; thus, the demethylation reaction is negligible for this catalyst. This supports the hypothesis of the formation of a Ni enriched layer over a copper core, since it is known that copper has a negligible hydrogenation activity [START_REF] Emmett | The Catalytic Hydrogenation of Benzene over Metal Catalysts[END_REF][START_REF] Van Barneveld | On some problems of the hydrogenation of benzene on nickel and nickel-copper alloys[END_REF].

In the case of the Ni-AS03 system, the Delplot graph shown in Figure 86A indicates that the most relevant primary product is 2-methoxycyclohexanol, which is expected due to the high hydrogenation ability of nickel, with stable values of selectivity for the cyclohexanol, methanol and catechol products.

From this data, catechol appears also as a primary product, resulting from the demethylation of guaiacol; this formed catechol is quickly transformed to 1,2cyclohexanediol, with a rate close to the one for the formation of methanol derived from demethoxylation of either guaiacol or 2-methoxycyclohexanol.

Thus, the combination of demethylation and hydrogenation is quite fast; the null detection of phenol, combined with the cyclohexanol yield, higher than the methanol yield obtained indicates that other reactions are involved in the production of cyclohexanol, and that the hydrogenation of the aromatic substrates is highly favored in this catalyst.

The decrease in selectivity for 2-methoxycyclohexanol indicates that this compound is later consumed by secondary reactions, that may involve the production of products such as methanol, cyclohexanol and 1,2cyclohexanediol. The selectivity to methanol is lower than the selectivity to cyclohexanol, thus the obtention of cyclohexanol may also involve a hydrogenolysis step of the 1,2-cyclohexanediol compound, supported by its decreasing selectivity with increased conversion. The selectivity for methane exhibits an ascending trend, with higher selectivity at higher conversion, but with a methanol selectivity constant. This hints to a pathway where the methane is derived not only from the direct demethylation of guaiacol, since the catechol selectivity remains unchanged, but also from the demethylation of the 2-methoxycyclohexanol to yield 1,2-cyclohexanediol. However, the steeper change of selectivity observed for methane could include methanation reactions of the compounds, that could explain the unchanging selectivity towards cyclohexanol, since it is expected that the selectivity towards cyclohexanol increases from the reaction of the 2methoxycyclohexanol through a demethylation/hydrogenolysis route.

Regarding the stability test for the Ni-AS03 catalyst, the results obtained are shown in Figure 86B, 86C and 86D. As can be observed, the catalyst becomes deactivated quite fast, after 10 hours on stream. This deactivation is accompanied by an increase in the selectivity towards catechol, and unchanged selectivity for the rest of products obtained in the reaction.

Considering this behavior, the probable deactivation mechanism is the formation of coke over the surface of the Ni phase, burying this under the carbonaceous phase, since catechol has been reported as a precursor for the formation of carbon deposits in heterogeneous catalysts [START_REF] Li | Coke formation on the surface of Ni/HZSM-5 and Ni-Cu/HZSM-5 catalysts during bio-oil hydrodeoxygenation[END_REF][START_REF] Olcese | Gas-phase hydrodeoxygenation of guaiacol over Fe/SiO 2 catalyst[END_REF].

For the Co/Ni-1/1-UNT catalyst, its results are shown in Figure 87. Again, the main feature is the high selectivity towards the production of 2methoxycylohexanol, with a descending trend, typical of a primary product that is consumed in a secondary reaction. For the other two major products, methanol and cyclohexanol, they have quite similar selectivity and with a slight upward trend. Considering this, these compounds could be either secondary products formed by the demethoxylation of the 2methoxycyclohexanol, or primary products obtained from a sequence of guaiacol demethoxylation and hydrogenation of phenol. However, the behavior of phenol, observed as a product with a decreasing trend, supports the Guaiacol Phenol Cyclohexanol sequence. Nevertheless, the upward trend for methanol, methane and cyclohexanol, without detectable catechol formation supports a pathway that combines the consumption of 2methoxycyclohexanol by demethoxylation and hydrogenolysis to produce cyclohexanol, methanol and cyclohexane. Regarding the stability of this sample, it is observed that over the analyzed time on stream, there was no loss of activity, and the selectivity of the major products remained constant.

There was an upward trend to reach almost 100% of conversion after the stabilization period, and then a diminution to the original 80% value, hinting to a possible deactivation; however, this proposal cannot be tested, since the available data reached only up to 60 h on stream. This behavior contrasts with the Ni-AS03 system, where a fast deactivation is observed after 15 hours on stream; thus, the presence of cobalt in the catalyst helps to protect it from the deactivation due to the formation of coke, as reported for similar catalysts based on cobalt and nickel supported on alumina and employed in the steam reforming of ethanol [START_REF] Zhao | Modulating and controlling active species dispersion over Ni-Co bimetallic catalysts for enhancement of hydrogen production of ethanol steam reforming[END_REF]. This effect is presumably due to the presence of hydrogen spill-over species, capable of degrading the coke precursors derived from catechol or other intermediate oxygenated products [START_REF] Tran | Vapor-phase hydrodeoxygenation of guaiacol on Al-MCM-41 supported Ni and Co catalysts[END_REF][START_REF] Zhang | Steam reforming of guaiacol over Ni/SiO2 catalyst modified with basic oxides: Impacts of alkalinity on properties of coke[END_REF][START_REF] Conner | Spillover in heterogeneous catalysis[END_REF][START_REF] Erdogan | SBA-15 supported mesoporous Ni and Co catalysts with high coke resistance for dry reforming of methane[END_REF]. A simplified reaction network, useful for the Ni-AS03, Co/Ni-1/1-UNT and Cu/Ni-1/1-UNT materials is given in Figure 88. 

VI. Conclusions

The synthetized Co@SiO2 series catalysts exhibit dependence of their catalytic activity upon the preparation route. The main difference observed is a lower activity for the materials synthetized by a one-pot route, which enhances the formation of strong metal-support interactions between the metal hydroxide serving as precursor of the active phase and the growing silica shell from the hydrolysis of the TEOS, leading to the formation of cobalt silicate species. This effect is also reflected in the acidity of the obtained materials, where the most acidic are those prepared by the one-pot procedure, and this can be related to the incorporation of the Co +2 cation into the network of the silica shell, that creates defects thus increasing the acidity of the neighboring Si-OH groups.

The salicylic acid treatment in the Co-based catalysts increases their activity, with a raise in the yield of cyclohexanol and reducing the formation of cyclohexane. The effect of the salicylic acid is attributed to its ability to graft over the surface of the metal hydroxide, thus reducing its interaction with the growing silica oligomers and limiting the formation of inactive cobalt silicate species for the catalysts prepared. Also, the adsorbed molecules of salicylic acid on the core of the hydroxide are destroyed during the thermal processing, forming vacancies that enhance the activity of the catalyst, evidenced by the XPS data obtained. Another effect of the salicylic acid lies in its ability to induce local changes of the silica structure around the cobalt phase; this was observed in the XPS spectra as the apparition of peaks at higher BE for the Si 2s and O 1s signals in the catalyst prepared by a one-pot approach, due to the formation of bonding oxygen species (Si-O-Si bonds), indicating a reduced formation of cobalt silicate species.

The use of catechol as modifier of the Co-based catalysts has a maximum effect over the activity at around 6% molar; this is linked to the formation of catecholate species that inhibits the formation of inactive cobalt silicate species; however, higher concentrations of this modifier have an adverse effect over the activity of the catalyst. This in turn is explained by the polymerization of products form the oxidation of catechol, which are unable to form complexes over the cobalt phase, thus the formation of cobalt silicate species is not prevented, as deduced from the TPR-H2 profiles.

In the Ni-SiO2 family, there is no appreciable effect upon the selectivity due to the variation of the metal to silicon ratio, but there is an impact over the catalytic activity based on the measured initial rates. It is suggested that there is an equilibrium between the nucleation phenomena and the interaction with the nickel precursor surface, leading to a minimum of acidity and activity when a saturation of the reactive spaces at the nickel precursor is reached.

Below or over that point, there is a raise in the acidity and activity of the catalysts, but no change in the selectivity is observed due to the unchanged identity of the active sites between catalysts.

The use of salicylic acid in the Ni-based catalysts is beneficial up to 15% molar, where a sharp decrease in the activity of the material is observed after this concentration. This is related to two factors: the reduction in particle size, that exhibit an optimum size around 5 nm; below this size, the guaiacol conversion is reduced, indicating a structure-sensitive reaction. The other factor is the modulation of the formation of a catalytic active nickel phyllosilicate phase; an excess of salicylic acid hinders its formation, leading to a decreased activity of the material.

The use of catechol in the Ni based materials as a lower enhancing effect over the activity of the catalysts, coupled with a deactivating effect over 6% molar. The diminished formation of the catalytically active nickel phyllosilicate phase, due to the consumption of Ni(OH)2 to produce Ni 0 is the main factor leading to the loss of activity in these materials. This phenomenon, coupled with the inability of the catechol to disperse the nickel thorough the catalyst is a factor contributing to the reduced effect observed for this modifier over the activity of the Ni catalysts.

In the bimetallic systems, the most active catalyst was the Ni/Co-1/1 material, where a combination of electronic effects and enhanced adsorption of the substrate generate a synergistic affect, raising the conversion by 30% compared to the expected value, with a selectivity indicating an enhanced hydrogenation activity. In the Co/Cu-1/1 material, the presence of Cu also leads to a synergistic effect, due to the enhanced reducibility of the catalysts, leading to a higher proportion of hydrogenated product, mainly cyclohexanol.

In the Ni/Cu-1/1 material, however, there is no effect over the activity caused by the presence of Cu, albeit the increased reducibility would indicate the contrary; however, an additional effect of the Cu is an increase in the hydrogenolytic activity of the formulations in which this metal is present, reflected by the increase in yield of phenol and benzene. This, a crafty use of this metal as a doping agent could help to enhance the formation of partially or fully oxygenated products from the hydro conversion of guaiacol. 
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  La haute concentration en oxygène dans ce mélange restreint l'utilisation et la préservation de ce produit, il faut donc le stabiliser en utilisant l'hydrogène pour réduire sa concentration en oxygène et augmenter sa densité énergétique. L'objectif principal de cette investigation est l'obtention de catalyseurs possédant une structure coeur-coquille, en utilisant des métaux bon marché tels que le cobalt, le nickel ou le cuivre, et avec l'usage des modificateurs acide salicylique et catéchol. L'effet de ces modifications a été étudié par l'analyse de la vitesse de réaction et la sélectivité de la conversion du guaiacol dans un réacteur discontinu. L'utilisation des modificateurs organiques a également changé les interactions et les surfaces des métaux, XXVIII en provoquant une augmentation de la sélectivité pour le cyclohexanol et benzène ainsi qu'une augmentation de la vitesse de réaction pour quelques catalyseurs.

Figure 1 .

 1 Figure 1. Structure of Guaiacol (1)
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 2 Figure 2. Simplified reaction network for the conversion of guaiacol, 1, to
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 3 Figure 3. Examples of Core@Shell Nanoparticles. a) Spherical b). Hexagonal

  of a solution of Pluronic P123 (10 % by weight in deionized water) and deionized water to obtain a solution of a concentration of 0,15 mole/L with a P123 concentration of 2% by weight. The prepared solution is heated to 40 °C, and then 5,0 mL of a concentrated aqueous ammonia solution (25%, LOBA Chemie) is added in portions of 1,0 mL with stirring (500 rpm). To the mixture is added 40.0 mL of absolute ethanol, and it is kept at 40 °C for 30 minutes. Then the obtained precipitate is suspended by means of ultrasound for 30 minutes; the suspension thus obtained is heated to 60 °C with stirring, and then the appropriate amount of TEOS, dissolved in 20 mL of anhydrous ethanol, is added dropwise, at a rate of 1 mL/min. Once the TEOS has been added, the mixture is kept at 60 °C for 4 hours with occasional addition of the solvent mixture to keep a constant volume. The solids are separated through centrifugation, washed thrice with deionized water, twice with absolute ethanol and dried overnight at 80 °C.
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 3 Co(NO 3 ) 2 6H 2 O or Cu(NO 3 ) 2 3H 2 O or Ni(NO 3 ) 2 6H 2 O; MERCK) are dissolved in a mixture of a solution of Pluronic P123 (10 % by weight in deionized water), and deionized water to obtain a solution of a concentration of 0,15 mole/L with a P123 concentration of 2% by weight. The prepared solution is heated to 40 °C, and then 5,0 mL of a concentrated aqueous ammonia solution (25%, LOBA Chemie) is added in portions of 1,0 mL with stirring (500 rpm). The mixture is kept at 40 °C for 30 minutes. The obtained precipitate is suspended by means of ultrasound for 30 minutes, afterwards, this suspension is heated to 60 °C with stirring and the appropriate amount of TEOS, dissolved in 20 mL of anhydrous ethanol, is added dropwise at a rate of 1 mL/min. Once the TEOS has been added, the mixture is kept at 60 °C for 4 hours with occasional addition of the solvent mixture to keep a constant volume. The solids obtained are separated through centrifugation, washed thrice with deionized water, twice with absolute ethanol and dried overnight at 80 °C.The obtained material is then calcined at 250 °C for 2 hours per gram of catalyst at a heating ramp of 10 °C/min. Afterwards, it is reduced under hydrogen flow (100 ml/min) at 550 °C for 90 minutes. The reduced catalyst is left to cool down to ambient temperature under hydrogen flow, and the reactor is put in a slush of isopropanol and liquid nitrogen. At this point, the hydrogen gas is changed to a mixture of 1 % O2 in N2 and the material is passivated under a flow of 60 mL/min of the mixture for 90 minutes. The sample is allowed to reach room temperature, and finally it is removed from the reactor and stored in a nitrogen flushed vial. Synthesis of Salicylic Acid and Catechol modified Core@Shell Catalysts IV.3.1 Two steps procedure, catalyst Co@SiO2-AS:The precursor salt of the selected metal (Co(NO ) 6H O; MERCK) is dissolved in deionized water to obtain a solution of a concentration of 0,1 mole/L. Then, this solution is treated with concentrated aqueous ammonia (25%, LOBA Chemie) to precipitate the correspondent hydroxide. The solid is separated by filtration, and then it is washed thrice with deionized water and twice with anhydrous ethanol (MERCK) and dried overnight at 80 °C. The dried precipitate is put into a quartz tube reactor, and it is calcined in air at 250 °C for 2 hours per gram of material, with a heating ramp of 10 °C/min, and then it is allowed to cool to room temperature and stored.

  in a mixture of a solution of Pluronic P123 (10 % by weight in deionized water) and deionized water to obtain a solution of a concentration of 0,15 mole/L with a P123 concentration of 2% by weight. The prepared solution is heated to 40 °C, and then 5,0 mL of a concentrated aqueous ammonia solution (25%, LOBA Chemie) is added in portions of 1,0 mL with stirring (500 rpm) and the mixture is kept at 40 °C for 30 minutes. To this mixture, it is added a solution of the selected amount of salicylic acid or catechol in 40.0 mL of absolute ethanol, and it is left with stirring at 30 °C overnight. The obtained precipitate is suspended by means of ultrasound for 30 minutes and heated to 60 °C with stirring. At this point, the appropriate amount of TEOS, dissolved in 20 mL of anhydrous ethanol, is added dropwise, at a rate of circa 1 mL/min. Once the TEOS has been added, the mixture is kept at 60 °C for 4 hours with occasional addition of the solvent mixture to keep a constant volume. The solids obtained are separated through centrifugation or vacuum filtration, washed thrice with deionized water, twice with absolute ethanol and dried overnight at 80 °C.

  equipped with a DLD detector and an Al monochromatic source (225 W, 1486.6 eV) was employed for the measurement. The high-resolution spectra were measured using a 40 eV Pass Energy and Dwell Time of 200 ms, with a pass of 0.1 eV. Charge neutralization was realized using a low-energy electron beam. The spectra were referenced to the C-C peak at 284.8 eV from adventitious species present. IV.5.5 X-Ray Powder X-Ray Diffractometry (XRD-P):
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 4355 Figure 4. Nitrogen adsorption-desorption isotherm of CoO precursor
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 6 Figure 6. Pore size distribution Co@SiO2 and Co@SiO2-AS according to BJH
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 7 Figure 7. TEM images of Co@SiO2 catalyst (left) and Co@SiO2-AS catalyst
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 8 Figure 8. TPR-H2 profile of Co@SiO2 catalyst (A) and CO@SiO2-AS catalyst
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 9 Figure 9. TPD-NH3 profile of Co@SiO2 and Co@SiO2-AS catalysts; ammonia
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 10 Figure 10. Fitted XPS spectrum of the Co 2p region. Sample Co@SiO2. Blue Co 0 species; magenta Co +2 species; green Co +2 satellite peak.
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 11 Figure 11. Fitted XPS spectrum of Co 2p region. Sample Co@SiO2. Blue Co 0 species; magenta Co +2 species; green Co +2 satellite peak.

Figure 12 .

 12 Figure 12. FTIR-ATR spectra of the Co@SiO2 (dark grey) and Co@SiO2-AS-01 (blue) in the 650 to 1650 cm -1 . SiO2 synthetized under the same conditions
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 13 Figure13shows the XRD diffractograms obtained for both samples. The
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 14 Figure 14. Chromatograms obtained for the Co@SiO2 (top) and Co@SiO2-AS
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 15 Figure 15. Conversion of guaiacol in the presence of Co@SiO2 catalyst (left)
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 18 Figure 18. Diagram showing the proposed effects of the salicylic acid over the
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 19 Figure 19. Mechanism proposal for the effects of the salicylic acid over the
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 23 Figure 23. There is a strong shift to lower wavenumbers in comparison with
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 23 Figure 23. FTIR-ATR spectra of the Co@SiO2-1S and Co@SiO2-AS-1S catalysts, region 650 cm -1 to 1650 cm -1 .
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 26 Figure 26. TEM images of Co@SiO2-1S catalyst (left) and Co@SiO2-SA-1S (right).
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 276628 Figure 27. Fitted XPS spectrum for Co 2p region. Sample Co@SiO2-1S.

  . The peaks show an asymmetrical with a pronounced shoulder and the maxima of the peaks at around 782 eV. After fitting, only the presence Co +2 for both samples could be determined, thus indicating that, to the limit of penetration of the X-Rays on the sample, this is the only chemical state present[START_REF] Lukashuk | Operando Insights into CO Oxidation on Cobalt Oxide Catalysts by NAP-XPS, FTIR, and XRD[END_REF][START_REF] Shi | The use of bimetallics to control the selectivity for the upgrading of lignin-derived oxygenates: Reaction of anisole on Pt and PtZn 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]. Regarding the Co/Si ratio, it could allow for the determination of the cobalt phase in the junction between the shell and the core; a Co to Si ratio near 1 would indicate a CoSiO4 material based on the stoichiometry of the compound. A lower value indicates a higher proportion of silica species, whilst a higher value would indicate an excess of cobalt. For the Co@SiO2-1S material, this ratio is close to 1, thus the species are related to silicates of cobalt. This agrees with the TEM images, where needle-like structures of silicate were observed, as well as with the TPR data, in which the maximum temperature of reduction indicates the strongest interaction between the silica matrix and the cobalt phase. The Co@SiO2-AS-1S sample shows a lower than 1 ratio, thus indicating an excess of silica in the vicinity of the cobalt phase. The TEM images indicate a diminished presence of the crystalline structures related to the cobalt silicate species, supporting the deviation from the ideal ratio of 1, whilst the TPR data indicate a diminished interaction with the silica shell. To further comprehend the effect of the salicylic acid on this catalyst, the XPS spectra for the O 1s and Si 2s regions were measured for both the treated and untreated materials and are

Figure 29 .

 29 Figure 29. Fitted XPS spectra of the O 1s region for Co@SiO2-1S (left) and
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 30 Figure 30. Fitted XPS spectra of the Si 2s region for Co@SiO2-1S (left) and

Figure 32 .

 32 Figure 32. Catalytic Activity of the Co@SiO2 catalysts prepared by a one-step

Figure 33 .

 33 Figure 33. Products' Distribution at 25% of yield for the Co@SiO2 catalysts

Figure 34 .

 34 Figure 34. Yield of products at 25% of conversion (left) and initial rates (right)
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 35 Figure 35. Nitrogen Physisorption Isotherms of the cobalt-based catalysts

Figure 36 .

 36 Figure 36. Pore-size distribution according to BJH model applied to

Figure 37 .

 37 Figure 37. FTIR-ATR spectra of Co based catalysts treated with salicylic acid

Figure 38 .

 38 Figure 38. TPR-H2 profiles of Co based catalysts treated with salicylic acid

  to the conversion of Co3O4 to CoO, and the other peak at 350 °C due to the reduction of CoO to Co. Finally, the signal related to the reduction of cobalt species with strong interaction with the silica matrix and those due to the reduction of cobalt silicates present their onset around 450 °C, with two peaks located at 735 °C and 850 °C, indicative of two kinds of silicate species.The Co-COL samples have a sharp contrast between them. For the Co-COL-01 sample, the most prominent peak is the signal related to the reduction of the Co3O4 and CoO phases centered at 180 °C, with an asymmetric shape, a small shoulder at 300 °C related to the reduction of bulk CoO. The peak linked to the presence of silicate species is weak, and centered around 700 °C. This behavior agrees with the FTIR-ATR data, where this sample had a high intensity signal at 650 cm -1 linked to the presence of the Co3O4 phase, and no significant displacement of the peak at 1100 cm -1 related to the formation of cobalt-silica interactions. For the Co-COL-02 sample, the profile shows an increased presence of cobalt silicate species, seen as an increased intensity of the peak at 700 °C and the apparition of a shoulder at 850 °C. In the low temperature region, the profile has two overlapping peaks due to the reduction of Co3O4 to CoO at 230 °C, and of CoO to Co at 350 °C. This also agrees with the FTIR-ATR data for this sample, where there is a shift of the band at 1 100 cm -1 , indicative of the formation of Co-silica interactions, as well as a reduction of the intensity of the peak at 650 cm -1 for the Co3O4 phase. In general, the presence of the two different silicate species observed in the TPR-H2 profile can be explained by the conditions of synthesis employed in this work. The formation of double layered hydroxides of cobalt and nickel has been reported in the presence of organic additives acting as stabilizers of the alpha form, whose structure is shown in Figure 39[START_REF] Ismail | Organic Additive-Mediates Synthesis of Novel Cobalt(II) Hydroxides[END_REF][START_REF] Kamath | Stabilization of -nickel hydoxide in the presence of organic additives: Chemical route to bulk synthesis[END_REF][START_REF] Poul | Layered hydroxide metal acetates (metal = zinc, cobalt, and nickel): Elaboration via hydrolysis in polyol medium and comparative study[END_REF].

Figure 39 .

 39 Figure 39. Structure of -Ni(OH)2, isostructural to -Co(OH)2. Gray: Ni +2 orCo +2 Red: OH -Blue: H2O molecules. Taken from reference[START_REF] Hall | Nickel hydroxides and related materials: A review of their structures, synthesis and properties[END_REF] 
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 40 Figure 40. TPD-NH3 profiles for the Co-based catalysts. Mass signal

Figure 41 .Figure 42 .

 4142 Figure 41. Catalytic Activity Test results for the Co-AS, Co-COL and Co-SiO2

Figure 44 .

 44 Figure 44. Pore size distribution according to BJH model of the Ni@SiO2 series catalysts.

Figure 46 .

 46 Figure 46. TEM images of Ni@SiO2-03 (A and B) and Ni@SiO2-05 (C and

Figure 47 .Figure 48 .

 4748 Figure 47. Particle Size Histogram of Ni@SiO2-03 (red) and Ni@SiO2-05

Figure 48 .

 48 Figure 48. XRD diffractograms of the Ni@SiO2-03 and Ni@SiO2-05
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Figure 50 .

 50 Figure 50. Proposed interactions of the precipitated nickel precursor and the silica during the synthesis of the catalysts. The ratio is Si to surface reactive Ni-OH species.

Figure 52 . 120 Figure 53 .

 5212053 Figure 52. Catalytic Activity for the Ni@SiO2 catalysts' family.

  All samples in the salicylic acid series and catechol series exhibit a Type II isotherm, indicative of the presence of macropores, with different hysteresis loops signaling the presence of mesopores. The Ni-AS01 sample exhibits a H4 loop, indicating a complex pore structure with more presence of micropores than the other three samples. The remaining samples both series show a H3 loop, indicating either the formation of aggregates of flat particles or incomplete filling of the macropores[START_REF] Thommes | Physisorption of gases, with special reference to the evaluation of surface area and pore size distribution (IUPAC Technical Report)[END_REF].

Figure 54 .

 54 Figure 54. Nitrogen physisorption isotherms for the salicylic acid treated Ni-

Figure 55 .

 55 Figure 55. Nitrogen physisorption isotherms for the catechol treated Ni-based

Figure 56 .

 56 Figure 56. TEM images of the Ni-AS02 catalyst (A and B) and Ni-AS04

Figure 57 .

 57 Figure 57. TEM images of the Ni-COL01 catalyst (A and B) and Ni-COL03

Figure 58 .

 58 Figure 58. TEM derived size particle distribution for the Ni-AS02 (red), Ni-

Figure 59 .

 59 Figure 59. XRD-P Diffractograms for the samples Ni-AS01, Ni-AS02, Ni-AS03

Figure 60 .

 60 Figure 60. XPS spectra of the Ni 2p region of the catalysts from the catechol-

Figure 61 .

 61 Figure 61. XPS spectra of the Ni 2p region of the catalysts from the salicylic

Figure 62 . 137 Figure 63 .Figure 64 . 138 Figure 65 .

 62137636413865 Figure 62. XPS spectra of the O 1s region of the catalysts from the catechol-

  where the sample Ni-AS02 exhibits more phyllosilicate structures than the Ni-AS04 material. In the case of the samples modified with catechol, Ni-COL-01, Ni-COL-02 and Ni-COL-03, the presence of nickel silicate-like species is observed distinctly on the Ni-COL-02 sample. The other two show a weaker absorption for those species, with an increased intensity for the Si-O-Si compared to the Ni-COL-02 sample. All samples show a strong interaction with the silica matrix, as determined by the shift to lower wavenumbers, that is the same in all the spectra. This supports the proposal of the inability of catechol to disperse the nickel phase by forming complexes over the surface of the nickel hydroxide, because the presence of such structures would lead to a diminished interaction with the silica matrix, as observed in the salicylic acid.

Figure 66 .

 66 Figure 66. FTIR-ATR spectra for the Ni-AS (left) and Ni-COL (right) families of

Figure 68 .

 68 Figure 68. TPR-H2 profiles of the Ni-AS family of catalysts.

Figure 69 .

 69 Figure 69. Catalytic activity test's results obtained for the Ni-AS family of

Figure 70 .

 70 Figure 70. Isoconversion product's yield at 10% (left) and 40% (right)

  enhance the hydrogenolytic activity by coordinating of the guaiacol molecule, weakening the Car-O bonds. Another piece of evidence lies in the XPS spectra measured for the materials analyzed herein; the presence of NiO species is clear for the Ni-AS01, Ni-AS-03 and Ni-AS04 samples, where its presence could not be detected in the Ni-AS02 sample. Thus, the hydrogenating ability of the surface is enhanced by the presence of the NiO phase which can be reduced to Ni 0 with higher hydrogenating ability. For the Ni-AS02 sample, there is an interplay between the phyllosilicate phase and the reducible species detected by the TPR-H2, which increases the yield of deoxygenated products with a preserved aromatic ring.For the Ni-COL family, their activity's results as well as a comparison at isoconversion are given in Figures71 and 72. The main features observed are the predominance of methoxy cyclohexanol and cyclohexanol at both low and high conversion, with a rather low yield of cyclohexane. This pattern persists at higher conversion, with a yield of methoxy cyclohexanol almost identical for all the samples, including the untreated catalyst. However, there is a difference in the distribution of secondary products, where the production of cyclohexane is depressed for the Ni-COL catalysts, observed as an accumulation of cyclohexanol in the reaction media. At prolonged times of reaction, there is formation of cyclohexane, albeit in yields below 20%. Thus, the use of catechol causes a modification in the ability of the catalysts to produce saturated hydrocarbons, while increasing the hydrogenating activity of the aromatic ring, expressed as an increased yield of both methoxy cyclohexanol and cyclohexanol. This agrees with the presence of NiO species by XPS analysis, that can act as precursor of Ni 0 under the reaction's conditions employed, thus raising the hydrogenation of the aromatic ring.Since the conversion of cyclohexanol to cyclohexane requires the dehydration of cyclohexanol to cyclohexene, a possible cause of the abrupt change in selectivity observed is a diminished acidity of the catalysts that leads to lower dehydration of the cyclohexanol; this claim is partially supported by the FTIR-ATR data, where the presence of Si-OH groups is not detected for the Ni-COL samples.
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 71 Figure 71. Catalytic Activity Test results for the Ni-COL01 (upper left), Ni-

Figure 72 .

 72 Figure 72. Isoconversion product's yield at 10% (left) and 40% (right)
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 733 Figure 73. Initial rates for the Ni-AS family (left) and Ni-COL family (right) of
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 74 Figure 74. Nitrogen Adsorption-Desorption Isotherms of the Cu:Ni-1:1-UNT
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 75 Figure 75. Pore size distribution for the Co/Ni-1/1-UNT, Co/Cu-1/1-UNT and

Figure 76 .

 76 Figure 76. TPD-NH3 profiles for the Cu/Ni-1/1-UNT, Co/Cu-1/1-UNT and
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 77 Figure 77. TPR-H2 profiles for the Cu/Ni-1/1-UNT, Co/Cu-1/1-UNT and Co/Ni-

Figure 78 .

 78 Figure 78. XRD-P diffractograms for the Cu/Ni-1/1-UNT (left), Co/Cu-1/1-UNT

Figure 79 .

 79 Figure 79. XPS spectra of the Co and Cu (upper row) and O and Si (lower

Figure 80 .

 80 Figure 80. XPS spectra of the Co and Ni (upper row) and O and Si (lower

Figure 82 .

 82 Figure 82. Catalytic Activity of the Co/Ni-1/1UNT (A), Co/Cu-1/1-UNT(B) and

Figure 83 .

 83 Figure 83. Isoconversion plot of the products' yield around 15%(left) and

Figure 84 .

 84 Figure 84. Plot of the metal-to-metal ratio compared with the ideal

Figure 83 .

 83 The formulations Co/Cu-1/1-UNT and Co/Ni-1/1-UNT show a diminished phenol yield compared to the monometallic Co catalyst, with an increased yield of cyclohexanol. In addition, there is a raised yield of cyclohexane obtained from the hydrogenation of the cyclohexene produced by the dehydration of cyclohexanol. The higher production of cyclohexanol is explained by the enhanced hydrogenating activity caused by a better reducibility of the Co phase due to the presence of either Ni or Cu. Also, in the Co/Ni catalyst, the Ni can also hydrogenate the substrates, thus increasing the yield of compounds like cyclohexanol and 2-methoxycyxlohexanol. For the Cu/Ni catalyst, however, there is a very low yield of cyclohexene, but there is a significant yield of cyclohexane (around 8%) and of benzene (around 4%) and a yield of 2-methoxycyclohexanol comparable to that of the pure Ni catalyst.

Figure 86 .

 86 Figure 86. Delplot graph for Ni-AS03 catalyst (A) and Stability Test results (B,

Figure 87 .

 87 Figure 87. Delplot graphs for the Co/Ni-1/1-UNT catalysts (A, B and C) and

Figure 88 .

 88 Figure 88. Proposed Reaction pathways for the conversion of guaiacol at 250

From the continuous flow

  reactor experiments, the probable mechanism of deactivation of the catalysts would be the coking of the catalysts, proposed due to the increased yield of catechol known as a precursor for the formation of coke; however, other factors as sintering could be involved in the deactivation of the catalysts. A piece of evidence of the coking deactivation mechanism lies in the test for the most active system was the Ni/Co-1/1 material, which shows a combination of high activity, associated with a good stability based on the continuous flow test analysis. The main factors associated to this are the enhanced adsorption of guaiacol coupled with the ability of generate spilt-over species of hydrogen. hydrodeoxygenation of guaiacol. J Catal 2013;306:47-57.

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  following wavelengths: Co:228.62 nm, 230.79 nm, 238.89 nm; Cu:224.70 nm, 324.75 nm; Ni:216.56 nm, 221.65 nm, 231.60 nm

V. Results and Discussion

V.1 Conversion of Guaiacol with Cobalt Based Core@Shell catalyst V.1.1. Core@Shell Catalysts prepared by a two-step procedure, modified with salicylic acid and unmodified.

Table 1 .

 1 Textural properties of Cobalt precursor and catalysts prepared by the two-step procedure.

	Material	SBET	Pore Volume
		(m 2 /g)	(cm 3 /g)
	CoO	114	0.834
	Co@SiO2	96	0.313
	Co@SiO2-AS-01	128	0.320

Table 2 .

 2 XPS data obtained from the Co@SiO2 and Co@SiO2-AS catalysts.

			Binding Energy, eV		Surface Atomic Ratio
			(% present)		(at/at)
	Catalyst	Co +2 2p3/2	Co +2 2p3/2 sat	Co 0 2p3/2	Co/Si
	Co@SiO2	780.4 (13) 784.5 (46)	779.2 (41)	0.645
	Co@SiO2-	781.2		779.2	
			784.9 (20)		0.624
	AS	(29)		(51)	

Table 3 .

 3 Initial Rates, CO uptake and Total Acidity of the catalysts prepared by a two-step approach.

	Material	Initial Rate	CO uptake	NH3 uptake	TOF
		moleGUAs -1 g -1 cat	10 -5 mole g -1 cat	mmole g -1 cat	s -1
	Co@SiO2	6.38 x 10 -4	1.26	51	51
	Co@SiO2-AS	9.68 x 10 -4	1.04	5.3	93

Table 4 .

 4 Textural and acidity properties of cobalt catalysts prepared by the one-pot procedure.

	Material	SBET	Pore Volume	Concentration of	Co to AS* ratio
		(m 2 /g)	(cm 3 /g)	P123 (% w/w)	
	Co@SiO2-P-1S	132	0.412	1	0
	Co@SiO2-1S	151	0.881	0	0
	Co@SiO2-AS-	170	0.662	0	1:0.064
	1S				

*: Salicylic Acid; ratio mole:mole.

Table 5 .

 5 XPS data obtained from the Co@SiO2-1S and Co@SiO2-AS-1S catalysts.

		Binding Energy, eV	Surface Atomic
		(% present)	Ratio (at/at)
	Catalyst	Co +2 2p3/2	Co +2 2p3/2 sat	Co/Si
	Co@SiO2-1S	781.3 (19.0)	785.8	1.16
	Co@SiO2-SA-1S	781.3 (14.1)	786.2	0.671

  Table 5 and the fitted XPS spectra for the Co 2p3/2 and Co 2p1/2 are given in Figures 27 and 28

Table 6

 6 

	. XPS data obtained from the Co@SiO2-1S and Co@SiO2-AS-1S
		catalysts.	
		Binding Energy, eV
		(% present)
	Catalyst	O 1s	Si 2s
	Co@SiO2-1S	531.8 (53.8)	153.8 (16.3)
	Co@SiO2-SA-1S	531.8 (47.2)	154.0 (12.0)
		534.1 (10.0)	157.9 (9.0)

Table 8 .

 8 Composition and Textural properties of the modified cobalt-based catalysts. Co to Si 1 to 1.2 in molar basis for all samples.

	CATALYST	Cobalt to Modifier ratio	SBET	Vpore
		(as mole:mole)	(m 2 g -1 )	(cm 3 g -1 )
	Co@SiO2-01	N.A.	125	0.841
	Co@SiO2-AS-01	1 to 0.064	178	0.462
	Co@SiO2-AS-02	1 to 0.128	202	1.11
	Co@SiO2-COL-01	1 to 0.064	236	1.36
	Co@SiO2-COL-02	1 to 0.128	234	0.863
	In the Catalysts code, AS: Salicylic Acid as modifier COL: Catechol as
	modifier			

Table 9 .

 9 Composition of the Ni@SiO2 catalyst series and some textural

	properties				
	Catalyst	Metal to Si	SBET	Total Pore Volume	Micropore Volume
		molar ratio	m 2 g -1	cm 3 g -1	cm 3 g -1
	Ni@SiO2-03	1 to 1.2	440	0.68	0.20
	Ni@SiO2-04	1 to 1.5	281	0.56	0.12
	Ni@SiO2-05	1 to 2.0	298	0.68	0.12
	Ni@SiO2-06	1 to 4.0	90	0.17	0.04

Table 10 .

 10 Estimated relative composition of the catalysts during the formation of the silica shell under the conditions employed in this project.

	Catalyst	Mass percentage	Mass percentage of	Final Mass
		of SiO2	Ni(OH)2	percentage of
				Ni in catalyst
	Ni@SiO2-03	55	45	40.0
	Ni@SiO2-04	61	39	36.7
	Ni@SiO2-05	68	32	30.9
	Ni@SiO2-06	80	20	17.1

Table 11 .

 11 Initial Rates for the conversion of guaiacol and total acidity for the

	Ni@SiO2 catalyst series				
	Catalyst	Initial Rate	CO uptake	CO to Ni	TOF	NH3 uptake
		molGUA s -1 g -1 Ni	10 -5 mol g -1 cat	ratio (%)	s -1	10 -3 mol g -1 cat
	Ni@SiO2-	9.35 x 10 -4	140 ± 1	0.206	0.668	0.400
	03					
	Ni@SiO2-	7.69 x 10 -4	102 ± 4	0.163	0.754	0.0139
	04					
	Ni@SiO2-	4.99 x 10 -4	103 ± 1	0.196	0.484	0.388
	05					
	Ni@SiO2-	6.43 x 10 -4	83 ± 4	0.285	0.775	0.509
	06					

Table 12 .

 12 Composition of the Ni-based catalysts modified with salicylic acid and catechol, with Surface Area, Pore Volume and CO uptake.

	Catalyst	Ni:Modifier	SBET	Vpore	CO Uptake
		ratio,	m 2 g -1	cm 3 g -1	10 -5 mol g -1
		mole:mole			
	Ni-SiO2-03	N.A	440	0.682	140
	Ni-AS-01	1:0.032	325	0.431	179
	Ni-AS-02	1:0.064	378	1.53	201
	Ni-AS-03	1:0.128	365	1.41	140
	Ni-AS-04	1:0.256	260	0.781	116
	Ni-COL-01	0.064	443	1.21	75
	Ni-COL-02	0.128	538	1.46	73
	Ni-COL-03	0.256	382	1.12	113

*AS: Salicylic Acid COL: Catechol 125

Table 13 .

 13 Nickel chemical states derived from XPS measurements of selected Ni-based catalysts.

	Catalyst	Binding Energy, eV (% present)
		Ni 2p3/2	Ni 2p1/2
	Ni@SiO2-03	856.9 (15.1)	874.5 (15.1)
	Ni-AS-01	853.6 (3.3)	871.5 (3.3)
		856.4 (8.0)	874.2 (8.0)
	Ni-AS-02	856.6 (10.0)	874.0 (10.0)
	Ni-AS-03	852.6 (1.4)	869.9 (1.4)
		854.0 (2.8)	871.9 (2.8)
		855.9 (12.3)	873.7 (12.3)
	Ni-AS-04	853.8 (1.7)	871.7 (1.7)
		856.8 (7.7)	874.6 (7.7)
	Ni-COL-01	853.2 (1.5)	871.0 (1.5)
		856.5 (9.2)	874.1 (9.2)
	Ni-COL-03	853.4 (2.6)	871.3 (2.6)
		856.3 (9.5)	873.9 (9.5)

Table 14 .

 14 Sorting of the Ni-AS family catalyst according to the observed

	selectivity. -: not observed +/-: observed, lower than untreated catalyst; +:
	observed, same as the untreated catalyst. ++: observed, higher than the
	untreated catalyst.				
		Catalyst	Ni-AS01	Ni-AS02	Ni-AS03	Ni-AS04
		Guaiacol ring				
			+	+/-	+	+
		hydrogenation				
		Hydrogenolysis of OH				
			+	++	+	+
	SELECTIVITY	and MeO groups Phenol ring hydrogenation	+	++	++	+
		Cyclohexanol				
		dehydration and	++	++	-	++
		hydrogenation				

Table 15 .

 15 Metal content, total acidity, and textural properties for the 1 to 1

	Bimetallic catalyst series				
	CATALYST	Metal	SBET	Vporo	Total Acidity
	Content	(m 2 g -1 )	(cm 3 g -1 )	
	(Mass %)			
	Co:Cu-1:1-UNT	22.5 Cu	128	0.540	6.76
		21.6 Co			
	Ni:Co-1:1-UNT	23.3 Ni	224	1.04	10.0
		20.7 Co			
	Cu:Ni-1:1-UNT	20.9 Ni	192	0.672	12.7
		22.3 Cu			

Table 16 .

 16 Chemical composition of the surface of the bimetallic catalysts measured by XPS spectroscopy. In parenthesis, measured metal content.

	CATALYST	Cu	Co	Ni
	CoCu-1:1	932.7 eV (2.5%)	778.7 eV (0.6%)	N.A.
			781.9 eV (2.9%)	
	CoNi-1:1	N.A	781.5 eV (5.5%)	853.1 eV (1.4%)
				856.6 eV (6.6%)
	NiCu-1:1	932.4 eV (2.1%)	N.A	852.9 eV (1.1%)
				856.6 eV (7.0%)

Table 17 .

 17 Stability constants of the ammonia complexes of Co, Ni and Cu in aqueous media, taken from reference[START_REF] Tanaka | Stability constants of metal(II) complexes with amines and aminocarboxylates with special reference to chelation[END_REF].

	Cation	Ammonia Complex	Stability Constant
	Co +2	[Co(NH3)6)] 2+	5.24 x 10 4
	Ni +2	[Ni(NH3)6] 2+	2.82 x 10 8
	Cu +2	[Cu(NH3)4)] 2+	3.89 x 10 12

Table 19 .

 19 Preliminary evaluation of Catalytic conditions for the conversion of guaiacol in a Continuous Flow Reactor setup SiC used as diluent, at a ratio of around 1 to 15 catalyst to SiC.

	Sample	Mass of	Work	T, °C	Flow	Conversion
		Catalyst	Pressure		mLmin-1	%
		mg	, bar			
	Ni-AS02	12.5	40	300	500	100
	Co@SiO2-AS-2S	16.0	21	250	450	100

*

Table 20 .

 20 Mass of Catalyst employed for the Studies in the Continuous FlowReactor setup.

	Catalyst	Mass, mg	Catalyst	Mass, mg
	Co@SiO2-AS-2S	8.0	Co/Ni-1/1-UNT	4.811
	Ni-AS03	3.762	Cu/Ni-1/1-UNT	2.991

both Co-COL-01 and Co-COL-02, indicating that the changes induced by the treatment with catechol affect the conversion step from cyclohexanol to cyclohexene, presumably by a reduced acidity of the Co-COL-01 catalyst. In addition, a higher load of catechol leads to an enhanced hydrogenating activity, as seen by the increased yield of cyclohexanol obtained at expenses of the phenol produced as well as the rather high yield of cyclohexane, around 6%. A comparison between the two modifiers shows that the use of catechol leads to an increased yield of cyclohexanol at higher conversion, indicating an increment in the hydrogenating activity of the catalysts modified with this compound. In the case of the salicylic acid treated samples, the hydrogenating ability is reduced, demonstrated by the decreased yield of cyclohexanol compared to the catechol series, as well for the reduced yield of cyclohexane. Finally, the untreated Co-SiO2-01 catalysts shows a phenol yield in the middle of both Co-COL-01 and Co-COL-02 catalysts, with a higher yield of cyclohexanol and lower yield of cyclohexane than the Co-COL-02 catalyst; this indicates that the untreated catalyst has enough acid sites to catalyze the dehydration of cyclohexanol to cyclohexene, and afterwards the alkene is hydrogenated to the saturated cyclohexane, and that the relative quantity of said sites can be modulated by the addition of catechol.

The microscopic structure of some of the catalysts was observed by HRTEM, and the images obtained for the catalysts Ni@SiO2-03 and Ni@SiO2-05 are shown in Figure 46. For both materials, the structure observed at lower magnification is similar, with a sponge-like structure and with needle-like formations in the samples. The material with the highest amount of silicon, Ni@SiO2-05, exhibits thicker needle-like structures than the ones observed for the material Ni@SiO2-03, with a lower silicon content. The presence of those structures indicates the presence of a phyllosilicate phase in both materials.

The mean particle size increased from 9 nm in the Ni@SiO2-03 catalyst to 13 nm in the Ni@SiO2-05 catalyst, as observed in Figure 47. This is in agreement with the previous discussion on the mechanism of growth, where the lower Ni to Si ratio leads to interactions between the silica oligomers and the Ni(OH)2 surface; the growing silica matrix can aid in dispersing the Ni(OH)2 precipitate, leading to the formation of smaller particles. However, in the Ni@SiO2-05 material, the silica oligomers tend to react among themselves at a higher rate compared to the case in the Ni@SiO2-03 synthesis; thus, the aid in dispersing of the Ni(OH)2 phase apported by the silica oligomers is reduced in the Ni@SiO2-05 catalyst, leading to the increased particle size of the Ni particles. The peak over 600 °C, present in all the samples, is due to the reduction of phyllosilicate species of nickel [START_REF] Majewski | Nickel-silica core@shell catalyst for methane reforming[END_REF][START_REF] Chen | A simple and convenient approach for preparing core-shell-like silica@nickel species nanoparticles: Highly efficient and stable catalyst for the dehydrogenation of 1,2-cyclohexanediol to catechol[END_REF][START_REF] Loaiza-Gil | Thermal decomposition study of silica-supported nickel catalyst synthesized by the ammonia method[END_REF]. The low temperature signal is barely modified by the relative amount of catechol present during the synthesis; however, the intensity of the signal at high temperature declines when raising the added quantity of catechol; thus, this compound reduces the proportion of nickel phyllosilicate phase in the catalysts. Previously, it has been stated that this interaction leads to an enhanced dispersion of the nickel phase (PDF-04-007-5670), and it is a combination of the peaks at 31.4°, 37.0° and 38.7°. In the Co/Cu material, the most intense peak is related to the diffractions from the ( 111 A point of interest in the CuNi and CoCu catalysts is the absence of copper silicate species. Here appears that during the synthesis the copper is shielded from interacting with the silicate oligomers formed during the hydrolysis of TEOS. This could be related to the difference of stability of the ammonia complexes of Co, Ni and Cu, since the free cation available to react with the silica oligomers would be determined by such equilibrium. In the case of the Co/Cu material, there is a synergistic effect that raises the expected rate by around 25%, but without significant changes in the selectivity compared to the monometallic cobalt counterpart. In this case the presence of Cu raises the activity of the Co due to an enhanced reducibility, as determined by the TPR-H2 analysis and supported by the XPS data, where it is possible to detect Co 0 species. The unchanged selectivity compared to the monometallic Co catalyst is due to the enriched content of Co on the surface of this catalyst, while the presence of Cu allows the formation of spill-over hydrogen species [START_REF] Moogi | Copper promoted Co/MgO: A stable and efficient catalyst for glycerol steam reforming[END_REF]. Another factor that enhances the activity of the material is the small particle size, around 5 nm according to the XRD analysis; those small particles have a better dispersion, with the concomitant increment in the number of active sites. Considering the amount of free Co +2 ion able to react with the silicate oligomers from the hydrolysis of

V.4 Conversion of Guaiacol with Selected Catalysts operating in

Continuous Flow Reactor Conditions

In this section, the results of the conversion of guaiacol with selected catalyst will be analyzed, using a continuous flow reactor setup. For the initial approach, reaction conditions were analyzed beforehand. Conversion data obtained for some of the catalysts tested is tabulated in Table 18. The flow range attainable in the setup was from 90 mLmin -1 to 500 mLmin -1 .

As can be observed, the catalysts exhibit an elevated activity, thus for obtaining some information regarding the reaction pathway of the conversion of guaiacol, it was necessary to use different reaction conditions; the final pressure employed was 20 bar, with a temperature of 250 °C. These conditions favor the hydrogenation of the substrates [START_REF] Ali | Thermodynamic aspects of aromatic hydrogenation[END_REF], thus the production of aromatic compounds from the hydrotreatment of guaiacol will be disfavored. With the conditions fixed, the selected catalysts for study were the Co@SiO2-AS-01, Ni-AS03, Co/Ni-1/1-UNT and Cu/Ni-1/1-UNT, considering either their activity or the reactivity exhibited in the batch activity's tests. The quantity of catalyst added is given in Table 19, and SiC was used as diluent for the catalysts loaded in the reactor.