acceptance in the lab allowing me to carry out this thesis work and giving me access to all the infrastructure necessary for my research.

I would like to sincerely acknowledge the university of Lille for funding this PhD study. I shall express my sincere gratitude to my supervisor, Dr. Louise Duhamel, who helped me quite a lot in every aspect. I would like to thank her for the advice, supervision, and availability which encouraged the thesis progress. Our scientific discussions have given me a lot and allowed me to broaden my skills and knowledge and also to take a step back from the results obtained. We were a good team based on trust, autonomy and sincerity. I am greatly thankful to Pr. S. Paul, the responsible of VAALBIO team. I would like to express my gratitude to all VAALBIO group members, for the fruitful discussions and meetings carried out during this doctoral research work.

My thanks also go to all the jury members for agreeing to evaluate my research work.

Last but not least, I would also like to dedicate my acknowledgements to all those who helped me during my PhD studies, our professional engineers and technicians: Ms. J. Thuriot, Mr. O. Gardoll, Ms. C. Delabre, Ms. M. Trentesaux, Ms. P. Simon, Mr. D. Romero and Mr. S. Chambrey. As well as our nice secretaries, my colleagues in the office and in the laboratory. I express all my friendly feelings for the wonderful working atmosphere, and all the good times spent together.

Finally, I would like to greatly thank and express my gratitude to my beloved family and husband who have always been beside me although being very far in distance. I owe you a lot. 

I love you forever!

Table of contents

General introduction

Global warming is the long-term heating of Earth's climate system observed since the preindustrial period (between 1850 and 1900) due to unbalanced human activities, mainly because of fossil fuel burning that increased greenhouse gas levels in our Earth's atmosphere 1 . The term is often used along with climate change, even though the latter is connected to both human-and naturally produced warming and the effects it has on our planet. It is most commonly measured as the average increase in Earth's global surface temperature.

Starting from the pre-industrial period, this burning of fossil fuels is estimated to have increased Earth's global average temperature by about 1 °C (1.8 degrees Fahrenheit), a number that is currently increasing by 0.2 °C (0.36 degrees Fahrenheit) in one decade. As a reason, this left the atmosphere, ocean, and land warmed leading to the destruction of many habitats, endangering and extinction of some creatures.

Hence, after all these climatic changes, access to clean, affordable and reliable energy has been a cornerstone of the world's increasing prosperity and economic growth. Worldwide use of energy in the 21 th century must also be sustainable. To counter this climatic crisis, one of the solutions is to use hydrogen gas as an energy vector instead of fossil fuels. Many techniques are possible to synthesize this hydrogen. According to the "Société Chimique de France", in 2014, 96 % of hydrogen production is of fossil origin, half of which is from natural gas. The other half comes from coal and liquid hydrocarbons. The remaining 4% corresponds to the production of hydrogen from electrolysis. It is urgently required to produce hydrogen from renewable energy sources, such as biomass-derived materials and/or biogas.

Many scientific publications have been found in literature in this direction and one of the techniques that comes up is the use of bioethanol as a renewable resource. A promising route for clean hydrogen production could be via oxidative steam reforming of bioethanol. Thanks to a catalyst, it is possible to transform bioethanol into hydrogen for direct application. However, it is necessary to find an effective catalyst, allowing excellent activity, selectivity (to H2 and CO2 in this case) and stability. Ni metal or noble metals are often used as catalytically active components. Nickel catalysts have been widely studied because of low cost and high activity although this metal favors coke deposition. Catalytic activities are affected by surface and structural properties as well as dispersion and reducibility of catalysts. Deactivation, related to carbonaceous compounds deposition, or sintering of the metal are considered the principal inconveniences of the catalytic system based on transition metals supported on oxides.

This study focuses on the production of hydrogen gas from bioethanol by CeNixOy and ternary mixed oxyhydrides (CeNixAl0.5Oy and CeNixZr0.5Oy) at low temperatures of 50 °C. The goal is to obtain a high-performance and good stability catalyst, while having a maximum of hydrogen and CO2 in the products distribution, thus minimizing the other byproducts such as carbon monoxide, methane, acetaldehyde or solid carbon.

As a first step, a bibliographic study is carried out concerning the production of hydrogen from bioethanol, thus constituting chapter I. In this part, the processes for hydrogen production are detailed and in particular, those from steam reforming and oxidative steam reforming of ethanol (OSRE). The catalysts proposed for these hydrogen production processes are studied and divided according to the nature of material used (noble or transition-based metals) and according to the temperature of performance of the reaction (high or low). The complications followed by OSRE, our field of study, are then highlighted. Finally, a general proposed mechanism for OSRE is represented and detailed.

The catalytic test part concerning oxidative steam reforming of ethanol for production of hydrogen gas is presented in chapter II. Several binary and ternary catalysts prepared by coprecipitation based on nickel and ceria are studied in OSRE. The effect of different parameters such as O2 / EtOH ratio, nickel content as well as the addition of a dopant, calcination, pretreatment temperature in H2 and mass of catalyst, on OSRE are analyzed. Products distribution percentages obtained over time with these catalysts under OSRE are plotted and described. By optimizing the experimental and catalytic conditions, the best performant catalysts are identified and their stability is studied over a long time.

Chapter III is devoted to the preparation and the characterization of binary and ternary catalysts, with the analysis by different techniques such as XRF, BET, DRX, Raman, TPR and XPS before test. As well, this chapter includes the characterizations of these catalysts after OSRE process by Raman and XPS in order to study the changes of the catalyst.

Finally, a discussion part is introduced in chapter IV. In this chapter, all the summaries obtained from the previous chapters are analyzed to draw a relationship between the synthesized material, characterizations and catalytic results. A mechanism including active sites responsible for the OSRE performance is proposed based on the obtained results.

At the end, a general conclusion is drawn out. It summarizes the main points of interest and findings that emerge from this research work.

Chapter I: Bibliographic review

Energy is an indispensable element in our everyday lives. Most of the energy we use nowadays comes from burning fossil fuels. The total world fuel consumption for 2016 was 13276.3 million tons oil equivalent and the CO2 emissions were estimated to be 33432 million tons 2 . However, fossil fuels have negative impacts, being the dominant source of local air pollution and emitter of carbon dioxide (CO2) and other greenhouse gases. In addition, there is a big demand on fossil fuel energy which in turn cannot be enough for the future. The world must therefore balance the role of energy in social and economic development with the need to decarbonize, reduce our reliance on fossil fuels, and transition towards lower-carbon energy sources. From this point, scientists are searching for renewable resources of energy to overcome the hazardous effects and the future lack of energy produced by the conventional energy sources. In this context, hydrogen is proposed to be the green energy of the future [START_REF]Path to hydrogen competitiveness. A cost perspective[END_REF][4][START_REF] Zhang | The survey of key technologies in hydrogen energy storage[END_REF] .

Moreover, today hydrogen is already largely used and produced. It is the gas the most used in industry. Therefore, it is an important chemical product and the demand is increasing.

I. Production of hydrogen gas

Most of hydrogen used nowadays (∼95%) is produced from fossil fuels. There are four main sources for the commercial production of hydrogen: natural gas, oil, coal, and electrolysis; which account for 48 %, 30 %, 18 % and 4 % of the world's hydrogen production, respectively (Figure 1) [START_REF] Ewan | A figure of merit assessment of the routes to hydrogen[END_REF][START_REF] Da Silva | Hydrogen: Trends, production and characterization of the main process worldwide[END_REF] . It is therefore mainly produced by methane steam reforming but also from oil/naphta reforming, coal gasification and electrolysis of water with only a small quantity by other routes such as biomass gasification.

Figure 1: Primary energy distribution through the sources for the production of hydrogen, adapted from ref. [START_REF] Ewan | A figure of merit assessment of the routes to hydrogen[END_REF][START_REF] Da Silva | Hydrogen: Trends, production and characterization of the main process worldwide[END_REF] .

Hydrogen production could be optimized with the objective of a better environment [START_REF] Acar | Transition to a new era with light-based hydrogen production for a carbon-free society: An overview[END_REF][START_REF] Acar | Review and evaluation of hydrogen production options for better environment[END_REF][START_REF] Frank | Alternative Fuels -The Future of Hydrogen (3rd Edition)[END_REF] , and with this objective, "hydrogen production" field has generated numerous researches throughout the world with more than 123,816 publications (Web of Science Core collection), as shown in 

I.1 Reforming of natural gas

This process consists of heating the gas to between 700-1100 °C in the presence of steam and a nickel catalyst [START_REF] Iaquaniello | Membrane reforming in converting natural gas to hydrogen: Production costs, Part II[END_REF][START_REF] Lee | Technical and economic feasibility under uncertainty for methane dry reforming of coke oven gas as simultaneous H2 production and CO2 utilization[END_REF] . The resulting endothermic reaction breaks up the methane molecules and forms carbon monoxide CO and hydrogen H2. The carbon monoxide gas can then be passed with steam over adequate catalysts to undergo water gas shift reactions (high and low temperature WGS) to obtain further quantities of H2.

The first stage for production of hydrogen from methane at high temperature is reported in equation 1: CH4 + H2O → CO + 3 H2 (equation 1) Some additional hydrogen is generated through the, exothermic, water gas shift reaction equation 2:

CO + H2O → CO2 + H2 (equation 2)

However, the downside to this process is that its major byproducts are CO, CO2 and other greenhouse gases, as a high amount of energy is required to perform the process.

I.2 Coal gasification

For the production of hydrogen from coal, coal gasification is used. The process of coal gasification uses steam and a carefully controlled concentration of gases to break molecular bonds in coal and form a gaseous mix of hydrogen and carbon monoxide [START_REF] Bhutto | Underground coal gasification: From fundamentals to applications[END_REF][START_REF] Mallick | Co-gasification of coal and biomass blends[END_REF] . The gas obtained from coal gasification can later be used to produce electricity more efficiently and allow a better capture of greenhouse gases than the traditional burning of coal. However, this process produces sulfur oxides and nitrous oxides that are very dangerous for the environment in addition to the high energy requirements.

I.3 Electrolysis

Electrolysis consists of using electricity to split water into hydrogen and oxygen. This source of hydrogen requires high input of energy that is furnished by electricity 6, 7. If the electricity comes from renewable energy, the hydrogen produced is clean, and numerous studies are done to ameliorate the system [START_REF] Pierre | Low voltage water electrolysis: Decoupling hydrogen production using bioelectrochemical system[END_REF] .

II. Uses and importance of hydrogen gas

Hydrogen, is the gas the most used in the world, in many industrial applications to produce different materials. The main uses of hydrogen are for ammonia production, hydro-treating processes, and methanol synthesis.

Hydrogen is used during fuel refining to remove sulfur via a process of desulfurization or softening. Hydrogen is introduced at a high temperature (over 350 °C) and high pressure (60 bar) during the refining process. It reacts with the sulfur contained in the hydrocarbon molecules to form new compound hydrogen sulfur (H2S) which is removed. This hydrogen sulfur can then react with oxygen to yield sulfur, forming a yellow compound that is sometimes seen in refineries. This sulfur is then used as a raw material in industry.

In electronics, hydrogen is used as a carrier gas (a gas that transports active gases) for diverse applications such as the manufacture of electronic components. It offers excellent protection against impurities and oxidation.

It is a reagent that enters into the composition of textile fibers such as nylon, polyurethane foam and a number of plastic materials. In the glass industry, it is essential to the manufacture of the flat glass used for flat screens. Most flat glass uses the float process, for which high purity hydrogen constitutes a protective atmosphere.

Hydrogen is used in metallurgy for heat treatment atmospheres that enable to produce mechanical parts (the sintering of molded parts) or to alter their properties (annealing of metallic parts).

In the future, the use of hydrogen could reduce 6 Gt of CO2 emissions annually, and create 30 million new jobs by 2050 4 . A recent report shows that hydrogen could power over 400 million cars, 15-20 million trucks, and around 5 million buses in 2050, which make up about 20-25 % of the transportation industry. Along with its significant economic and environmental benefits, hydrogen energy systems are expected to operate at higher efficiencies in the future. Hydrogen is seen as the key to sustainable growth and solution to global warming issues.

III. Bioethanol

Research on ethanol production is of growing interest as shown by the high number of recent reviews [START_REF] Mikka | Catalytic conversion to initial platform chemicals: chemistry and sustainability[END_REF][START_REF] Molino | Biofuels production by biomass gasification: a review[END_REF][START_REF] Sheldon | Metrics of green chemistry and sustainability: past, present, and future[END_REF][START_REF] Singh | Pretreatment of lignocellulosic waster for biofuel production: a critical review[END_REF] . Out of various liquid hydrogen sources, ethanol is a sustainable candidate because of its renewable nature, increasing availability, biodegradable nature, low toxicity, and ease of transport. Ethanol, ethyl alcohol, is the same as that found in all alcoholic beverages and largely used. Bioethanol is also a biofuel usable in engines with gasoline. Bioethanol can easily be produced from biomass by transformation of plants containing sucrose (beet, sugar cane ...) or starch (wheat, corn ...), that can be transformed to give bioethanol, it can be obtained by fermentation of the sugar extracted from the sugar plant or by enzymatic hydrolysis of the starch contained in cereals [START_REF] Naik | Production of first and second generation biofuels: A comprehensive review[END_REF] . There are many biomass conversion processes leading to ethanol production and many other important products [START_REF] Baeyens | Challenges and opportunities in improving the production of bio-ethanol[END_REF] . The two main ways for fuel ethanol production are: the first and the second-generation technologies [START_REF] Zabed | Bioethanol production from renewable sources: Current perspectives and technological progress[END_REF] .

III.1 1st generation bioethanol

The first generation fuel ethanol are mainly produced from the crops rich in starch or sugars, such as corn, cassava and sugar cane [START_REF] Knocke | Biofuelschallenges & chances: How biofuel development can benefit from advanced process technology[END_REF] . These feedstocks consist of glucose polysaccharides joined by α-glycosidic linkages. These can be easily hydrolyzed into monosaccharides and utilized by microbes. In addition, there are also some trace elements in the feedstock such as fatty acids, protein, and other ingredients which have some benefits in microbial fermentation.

The process is divided into several steps that are: liquefaction, saccharification, fermentation, distillation.

With several decades, the production of ethanol with the first generation technology has been mostly used in industry. However, the crops which are rich in starch and sugars are also the main component in the food pyramid of human beings and animals. So, if the consumption of starch and sugars for fuel ethanol production increases excessively, the food supply of these organisms will decrease, leading to elevations in the prices of raw materials, and some other impacts.

III.2 2nd generation bioethanol

Second generation bioethanol production is a good route to replace the first generation and to reduce the problems caused by it [START_REF] Aditiya | Second generation bioethanol production: A critical review[END_REF] . This is because it employs non-edible feedstock that ends up from agriculture and forestry wastes. Second generation bioethanol is based on lignocellulosic and starchy materials that are further converted to fermentable sugars. These materials are present in the wood, the bark of trees, in, to use the example of sugar beet, all that is not cut into chips (leaves, skin ...) or more generally in what is unfit for animal or human consumption. Lignocellulosic biomass is composed of cellulose, hemicellulose and lignin. In mass, between 40 and 50 % of it is composed of cellulose, 30-35 % hemicellulose and 15-30 % of lignin. Many methodologies have been suggested for 2 nd generation bioethanol namely pretreatment, hydrolysis, fermentation and distillation.

III.3 Bioethanol applications

A high quantity of bioethanol produced in the world is used as fuel, mixed in different proportions (SP95-E10 or E85, for the most part). Nevertheless, ethanol is also a platform molecule in the chemical industry [START_REF] Dumeignil | Biomass-derived Platform Molecules Upgrading through Catalytic Processes: Yielding Chemicals and Fuels[END_REF] . It makes it possible in particular to produce ethyl halides, ethyl esters, ethylene or acetic acid.

III.4 Bioethanol in hydrogen production

Recent researches have shown that ethanol is a promising molecule for production of hydrogen.

Some researchers have written very comprehensive reviews on hydrogen production processes from ethanol [START_REF] Subramani | Advances in catalysis and processes for hydrogen production from ethanol reforming[END_REF][START_REF] Navarro | Hydrogen production reactions from carbon feedstocks: Fossil fuels and biomass[END_REF][START_REF] Ni | A review on reforming bio-ethanol for hydrogen production[END_REF][START_REF] De La Piscina | Use of biofuels to produce hydrogen (reformation processes)[END_REF][START_REF] Piscina | A comparative overview of hydrogen production processes[END_REF][START_REF] Mattos | Production of hydrogen from ethanol: Review of reaction mechanism and catalyst deactivation[END_REF][START_REF] Haryanto | Current status of hydrogen production techniques by steam reforming of ethanol: A review[END_REF][START_REF] Bion | Design of nanocatalysts for green hydrogen production from bioethanol[END_REF][START_REF] Li | Strategies for improving the performance and stability of Ni-based catalysts for reforming reactions[END_REF][35][START_REF] Contreras | Catalysts for H2 production using the ethanol steam reforming (a review)[END_REF][START_REF] Li | Catalytic reforming of oxygenates: state of the art and future prospects[END_REF] . Ethanol seems to be the main vector for hydrogen production; because it is of low toxicity and can be easily produced by fermentation from biomass. Bioethanol might contain some impurities that could reduce the yield of hydrogen production by coke deposition such as fusel alcohols, acetic acid and ethyl acetate [START_REF] Sanchez | Impact of bioethanol impurities on steam reforming for hydrogen production: A review[END_REF] . This renewable resource offers huge benefits because it would produce very little CO2 compared to the fossil resources currently used knowing that the CO2 produced would be equivalent to the CO2 absorbed by the biomass, which would generate a theoretical carbon-neutral cycle.

IV. Ethanol reforming

To obtain hydrogen directly from bioethanol, steam reforming, partial oxidation or oxidative steam reforming can be done. The absence of sulfuric impurities in bioethanol avoids the problem of catalyst poisoning due to the sulfuric impurities. However, when using raw bioethanol different kind of impurities can be present and depending on the bioethanol origin, that should be taken into account [START_REF] Bion | Design of nanocatalysts for green hydrogen production from bioethanol[END_REF] . Any way when considering a modeled bioethanol as mainly a mixture of ethanol and water, the main problems for the catalyst in this process are the sintering of the active phase due to the high temperatures required and the carbon deposition 26- 37 . There are many parallel possible reactions besides the desired reactions, which can lead to the increase of carbonaceous depositions over catalytic surface. The operating conditions such as water and ethanol molar ratio, presence of O2 and temperature are very important factors that may affect easily this process. The active phase used in the catalyst, different kind of supports and precursor play an important role too by considering the interaction between the different elements. Many catalysts have been studied for ethanol reforming analysing the infuence of different parameters, like different elements and different formulations.

There has been growing attention towards hydrogen production from ethanol in the scientific fields,

as it has been reported by the increase in the number of scientific publications present in the literature (Figure 3). The present study will focus on the different catalysts studied in heterogeneous catalysis in steam reforming, oxidative steam reforming and autothermal reforming of ethanol for hydrogen production. However, this field is also of great importance in electro-catalysis [START_REF] López | Electrochemical promotion for hydrogen production via ethanol steam reforming reaction[END_REF][START_REF] Calcerrada | Influence of the carbon support on the Pt-Sn anodic catalyst for the electrochemical reforming of ethanol[END_REF] and photocatalysis [START_REF] Dessì | Towards Sustainable H2 Production: Rational Design of Hydrophobic Triphenylamine-based Dyes for Sensitized Ethanol Photoreforming[END_REF] with applications also in fuel cells [START_REF] Augusto | Nickel/gadolinium-doped ceria anode for direct ethanol solid oxide fuel cell[END_REF] that will not be developed here.

In the present study, the catalysts for steam reforming and oxidative steam reforming of ethanol were classified according to active phase used: noble metals and transition metals and according to the operating temperature (high and low), following the classification previously reported [START_REF] Subramani | Advances in catalysis and processes for hydrogen production from ethanol reforming[END_REF] .

As the objective of the present study is to focus on low temperature reaction and the use of a transition metal based catalyst (Ni) this will allow easy comparison to literature.

IV.1 Steam reforming of ethanol (SRE)

Steam reforming of ethanol to produce hydrogen is a potentially attractive process [START_REF] Subramani | Advances in catalysis and processes for hydrogen production from ethanol reforming[END_REF][START_REF] Navarro | Hydrogen production reactions from carbon feedstocks: Fossil fuels and biomass[END_REF][START_REF] Ni | A review on reforming bio-ethanol for hydrogen production[END_REF][START_REF] De La Piscina | Use of biofuels to produce hydrogen (reformation processes)[END_REF][START_REF] Piscina | A comparative overview of hydrogen production processes[END_REF][START_REF] Mattos | Production of hydrogen from ethanol: Review of reaction mechanism and catalyst deactivation[END_REF][START_REF] Haryanto | Current status of hydrogen production techniques by steam reforming of ethanol: A review[END_REF][START_REF] Lepage | Biomass-to-hydrogen: A review of main routes production, processes evaluation and techno-economical assessment[END_REF][START_REF] Ogo | Recent progress in ethanol steam reforming using non-noble transition metal catalysts: A review[END_REF][START_REF] Kaiwen | Economic analysis of hydrogen production from steam reforming process: A literature review[END_REF] .

Ethanol steam reforming to produce hydrogen is a promising clean process since ethanol is a green product arising from biomass through the conventional fermentation process [START_REF] Birol | Ethanol production and fermentation characteristics of recombinant Saccharomyces cerevisiae strains grown on starch[END_REF][START_REF] Bulawayo | Ethanol production by fermentation of sweet-stem sorghum juice using various yeast strains[END_REF][START_REF] Huang | Enhanced ethanol production by fermentation of rice straw hydrolysate without detoxification using a newly adapted strain of Pichia stipites[END_REF][START_REF] Olsson | Fermentation of lignocellulosic hydrolysates for ethanol production[END_REF] . The steam reforming of ethanol consists in using a water/ethanol mixture or raw bioethanol, which will produce, ideally, hydrogen and carbon dioxide using a catalyst. The development of suitable catalysts for this reaction is crucial for the viability of the process. In many publications, the reactions are reported at high temperature (600 °C -700 °C), as expected due to the endothermic nature of the reaction. Different parameters have been studied on this process including catalytic preparation, impregnation, formulation and reaction conditions.

The maximum amount of hydrogen obtained in the ethanol steam reforming is given by the stoichiometry of equation 3, as a matter of fact 6 moles of hydrogen can be produced from ethanol and water [START_REF] Llorca | Direct production of hydrogen from ethanolic aqueous solutions over oxide catalysts[END_REF][START_REF] García | Hydrogen production by the steam reforming of ethanol: Thermodynamic analysis[END_REF] :

C2H5OH + 3 H2O  6 H2 + 2 CO2 ΔrH° = 173 kJ/mol (equation 3)

Due to the endothermic nature of the ESR reaction, high temperatures (generally > 600 °C) are needed. Low pressures and water excess also favors high hydrogen yields [START_REF] Fishtik | A thermodynamic analysis of hydrogen production by steam reforming of ethanol via response reactions[END_REF][START_REF] Afolabi | Microkinetic modelling and reaction pathway analysis of the steam reforming of ethanol over Ni/SiO2[END_REF] .

However, this process is very competitive and challenging since many other reactions are possible such as:

C2H5OH  C + CO + 3 H2 (equation 4)

C2H5OH  CO + CH4 + H2 (equation 5)

C2H5OH  CH3CHO + H2 (equation 6)

C2H5OH  C2H4 + H2O (equation 7)

CH3CHO  CO + CH4 (equation 8)

CO + H2O  H2 + CO2 (equation 9)

Many published papers have been considering hydrogen production from bioethanol by means of steam reforming processes using catalysts based on Co, Cu, Ni, Rh, Pd, Pt, Ir, Ru or Rh metals that have shown good performances in ethanol conversion and high selectivity regarding hydrogen production [START_REF] Subramani | Advances in catalysis and processes for hydrogen production from ethanol reforming[END_REF][START_REF] Navarro | Hydrogen production reactions from carbon feedstocks: Fossil fuels and biomass[END_REF][START_REF] Ni | A review on reforming bio-ethanol for hydrogen production[END_REF][START_REF] De La Piscina | Use of biofuels to produce hydrogen (reformation processes)[END_REF][START_REF] Piscina | A comparative overview of hydrogen production processes[END_REF][START_REF] Mattos | Production of hydrogen from ethanol: Review of reaction mechanism and catalyst deactivation[END_REF][START_REF] Haryanto | Current status of hydrogen production techniques by steam reforming of ethanol: A review[END_REF][START_REF] Bion | Design of nanocatalysts for green hydrogen production from bioethanol[END_REF][START_REF] Li | Strategies for improving the performance and stability of Ni-based catalysts for reforming reactions[END_REF][35][START_REF] Contreras | Catalysts for H2 production using the ethanol steam reforming (a review)[END_REF][START_REF] Li | Catalytic reforming of oxygenates: state of the art and future prospects[END_REF][START_REF] Phung | Effect of Supports and Promoters on the Performance of Ni-Based Catalysts in Ethanol Steam Reforming[END_REF][START_REF] Benito | Bio-ethanol steam reforming: Insights on the mechanism for hydrogen production[END_REF][START_REF] Comas | Thermodynamic analysis of hydrogen production from ethanol using CaO as a CO2 sorbent[END_REF][START_REF] Fatsikostas | Production of hydrogen for fuel cells by reformation of biomass-derived ethanol[END_REF][START_REF] Nishiguchi | Catalytic steam reforming of ethanol to produce hydrogen and acetone[END_REF][START_REF] Aupretre | Ethanol steam reforming over MgxNi1-xAl2O3 spinel oxide-supported Rh catalysts[END_REF][START_REF] Zhang | Steam reforming of bio-ethanol for the production of hydrogen over ceria-supported Co, Ir and Ni catalysts[END_REF][START_REF] Frusteri | H2 Production for MC Fuel Cell by Steam Reforming of Ethanol Over MgO Supported Pd, Rh, Ni and Co Catalysts[END_REF][START_REF] Breen | Metal-catalysed steam reforming of ethanol in the production of hydrogen for fuel cell applications[END_REF][START_REF] Ciambelli | Low temperature catalytic steam reforming of ethanol: The effect of the support on the activity and stability of Pt catalysts[END_REF] .

IV.1.1 SRE catalysts operating at high temperature

Most of the catalysts used in literature for ethanol steam reforming work in high temperature.

High temperature corresponds to the ones higher than 450 °C [START_REF] Subramani | Advances in catalysis and processes for hydrogen production from ethanol reforming[END_REF] . Most of these catalysts, showed a high performance with low carbon formation and high selectivity to hydrogen [START_REF] Mattos | Production of hydrogen from ethanol: Review of reaction mechanism and catalyst deactivation[END_REF][START_REF] Hou | Promotional Effect of Ce-dopant on Al2O3-supported Co Catalysts for Syngas Production via CO2 Reforming of Ethanol[END_REF][START_REF] Zanchet | Toward Understanding Metal-Catalyzed Ethanol Reforming[END_REF] .

However, this process at high temperature favors CO formation in large amounts. The catalyst appropriated to SRE should give maximum H2 production with minimized by products formation. Among these catalysts used, some are noble based metals and some are transition based metals.

IV.1.1.1 SRE catalysts based on noble metals

Noble metal catalysts show a high activity and selectivity for ethanol steam reforming with a low or null carbon [START_REF] Goula | Hydrogen production by ethanol steam reforming over a commercial Pd/γ-Al2O3 catalyst[END_REF][START_REF] Efimov | Ethanol steam reforming over CoRu nanoparticles supported on highly porous polymer-based carbon material[END_REF][START_REF] Erdohelyi | Hydrogen formation in ethanol reforming on supported noble metal catalysts[END_REF] . However, they are not cost effective as a result they are not used in high percentage loadings in the catalyst. These catalysts can be added to transition based catalysts to get a better activity [START_REF] Efimov | Ethanol steam reforming over CoRu nanoparticles supported on highly porous polymer-based carbon material[END_REF] .

On this basis, the addition of the noble metals to the magnesium aluminate-supported cobalt catalysts was studied [START_REF] Profeti | Ethanol steam reforming for production of hydrogen on magnesium aluminate-supported cobalt catalysts promoted by noble metals[END_REF] to show a marked modification in activity of the catalysts, better stability of the reaction and a higher hydrogen yield. Promoting the catalyst with noble metals reduced the reduction temperature of the cobalt species interacting with the support, which is due to hydrogen spillover phenomenon that occurs in noble metals. It has also been seen that the addition of noble metal stabilized the Co sites in the reduced state throughout the reaction.

It should also be counted that the different noble metals nature and the amount of loadings have different activities in ethanol reforming. Rh is more active and selective to hydrogen formation in comparison to Ru, Pt and Pd in the temperature range of 600-850 °C and with a metal loading of 0-5 wt. % 61 Al2O3, MgO and TiO2 supports, that for 5 % Ru/Al2O3 catalyst is able to obtain 100 % conversion of ethanol with selectivity towards hydrogen above 95 % and the only byproduct being methane.

Other similar works done by Osorio 70,[START_REF] Osorio-Vargasa | Rh/Al2O3-La2O3 catalysts promoted with CeO2 for ethanol steam reforming reaction[END_REF] on the influence of the support has been done for a supported catalyst based on rhodium but at 1 % by mass. The authors first used a simple alumina then modified it by adding lanthanum oxides and ceria with different percentages. It turns out that at 500 °C, after 50 hours of test a conversion to ethanol up to 97 % is obtained, with a percentage of 58 % of hydrogen in the products distribution, for a supported rhodium catalyst on a La2O3-CeO2-Al2O3 mixture at 47.5, 2.5 and 50 % by weight, respectively. At the same percentage in rhodium, Hou [START_REF] Hou | Hydrogen production from ethanol steam reforming over Rh/CeO2 catalyst[END_REF] used a 100 % supported catalyst on ceria. With 3 times more catalyst than Osorio-Vargas, and at 550 °C, it gets a total conversion to ethanol and 53 % of hydrogen in the products distribution, after 60 hours.

Pt has also been used widely in SRE reactions [START_REF] Kourtelesis | The effects of support morphology on the performance of Pt/CeO2 catalysts for the low temperature steam reforming of ethanol[END_REF][START_REF] Martinelli | Effect of sodium loading on Pt/ZrO2 during ethanol steam reforming[END_REF][START_REF] Martinelli | Sodium doping of Pt/m-ZrO2 promotes C-C scission and decarboxylation during ethanol steam reforming[END_REF][START_REF] Rangel | Novel efficient {pt, ir}/Ce1-xRuxO2 catalysts for catalytic steam reforming of ethanol[END_REF] . Several catalysts were prepared and tested in SRE at high temperature. For example, Pt/Ce0.97Ru0.03O2 catalysts were prepared and tested

under SRE conditions at a temperature of 600 °C to get a 70 % conversion to hydrogen.

However, stability tests of these compounds showed a deactivaton after 10 hours process although a good conversion to H2 was achieved [START_REF] Rangel | Novel efficient {pt, ir}/Ce1-xRuxO2 catalysts for catalytic steam reforming of ethanol[END_REF] .

The shape and structure play an important role in the catalyst activity, as it has been investigated

with RhPd catalysts on different supports (polycrystalline ceria, nanoshaped CeO2-cubes and CeO2-rods). It was shown that at 650-700 K the RhPd/CeO2 cubes catalyst gives higher hydrogen yield than RhPd/CeO2-rods and RhPd/CeO2-polycrystalline which are the least selective to hydrogen. However, at temperatures higher than 800K the catalytic performance of all samples is similar and close to the thermodynamic equilibrium. This high performance of RhPd/CeO2-cubes and RhPd/CeO2-rods for ESR at low temperature is mainly due to higher water-gas shift activity and strong interactions between the bimetallic-oxide support interaction.

IV.1.1.2 SRE catalysts based on transition metals

Many researchers have focused on transition based metals for hydrogen production from bioethanol [START_REF] De La Piscina | Use of biofuels to produce hydrogen (reformation processes)[END_REF][START_REF] Haryanto | Current status of hydrogen production techniques by steam reforming of ethanol: A review[END_REF][START_REF] Contreras | Fuentes Catalysts for H2 production using the ethanol steam reforming (a review)[END_REF][START_REF] Vaidya | Lopez-Sanchez Review of hydrogen production by catalytic aqueous-phase reforming[END_REF] Ni, Co, Cu and Fe are the most studied transition metals to produce H2 [START_REF] Bion | Design of nanocatalysts for green hydrogen production from bioethanol[END_REF][START_REF] Ogo | Recent progress in ethanol steam reforming using non-noble transition metal catalysts: A review[END_REF][START_REF] Song | Changing the oxygen mobility in Co/ceria catalysts by Ca incorporation: implications for ethanol steam reforming[END_REF] . It has been shown that the most selective catalysts for H2 (higher than 90 %) were:

NiCeO2ZrO2, Ni/CaCO2ZrO2, Ni/MgO, Ni/ZnO, NiF/La2O2CO3, Ni/Cs-zeolite-Y and NiCu/SiO2, NiAl2O3ZrO2, and Ni/C1xZrxO2 36 , 80 .

On the basis that Ni based catalysts have a good activity in ethanol steam reforming [START_REF] Di Michele | Steam reforming of ethanol over Ni/MgAl2O4 catalysts[END_REF][START_REF] Wang | Embedded Ni catalysts in Ni-O-Ce solid solution for stable hydrogen production from ethanol steam reforming reaction[END_REF][START_REF] Ishihara | Steam reforming of ethanol using novel carbon-oxide composite-supported Ni, Co and Fe catalysts[END_REF] Ni/Ce0.9Sm0.1O2- nanowires prepared by hydrothermal method followed by impregnation [START_REF] Rodrigues | Ni supported Ce0.9Sm0.1O2-δ nanowires: An efficient catalyst for ethanol steam reforming for hydrogen production[END_REF] were prepared and tested in ethanol steam reforming under a reaction temperature of 550 °C with a water/ethanol molar ratio of 3 to achieve an ethanol conversion of 100 % with 35 % selectivity to hydrogen. The products obtained were mainly CO2 and H2 with the production of methane (∼0.5 %) and carbon monoxide (∼10 %) as by-products. These results were in agreement with studies evidencing that temperatures in the range of 450-600 °C showed the best performances in terms of both ethanol conversion and H2 selectivity [START_REF] Augusto | Nickel/gadolinium-doped ceria anode for direct ethanol solid oxide fuel cell[END_REF] . Improved Ni based hydrotalcite catalysts with 10 % wt Ni revealed good catalytic activity with high selectivity to H2 (72 %) and only CH4 and CO2 as by-products (with 9 % and 20 % selectivity respectively) [START_REF] Contreras | Production of hydrogen by ethanol steam reforming using Ni-Co-ex-hydrotalcite catalysts stabilized with tungsten oxides[END_REF] . Moreover, when Ozkan et al. [START_REF] Özkan | Active carbon-supported Ni, Ni/Cu and Ni/Cu/Pd catalysed steam reforming of ethanol for the production of hydrogen[END_REF] investigated the selectivity of hydrogen utilizing several active metals such as Ni, and their combinations, it was found that the selectivity was affected by the increase in the amount of Ni. It was also discovered that the upper-limit of Ni was between 6 % and 10 %.

It has been proposed that the number of oxygen vacancies formed on the Ni-La doped ceria catalyst play a key role in the steam reforming process [START_REF] Xiao | Boosting hydrogen production from steam reforming of ethanol on nickel by lanthanum doped ceria[END_REF] . As it has been demonstrated that using Ni/Ce0.9Sm0.1O2-δ under same conditions of preparation and catalytic test stated in the latter, a better selectivity up to 60 % was obtained with a long term stability and without formation of carbon [START_REF] Rodrigues | Ni supported Ce0.9Sm0.1O2-δ nanowires: An efficient catalyst for ethanol steam reforming for hydrogen production[END_REF] . This has been related to the increase in the number of oxygen vacancies, the high specific surface area and the small thickness of the catalyst obtained by the preparation of the Sm doped-ceria nanowires. Similar effect was proven on metal (La, Tb, Zr)-doped CeO2 supported Ni catalysts prepared with different methods. These catalysts showed different catalytic results at a reaction temperature of 600 °C due to the variation of the number of oxygen vacancies obtained [START_REF] Xiao | Boosting hydrogen production from steam reforming of ethanol on nickel by lanthanum doped ceria[END_REF] . It has been shown that the oxygen vacancies help to dissociate water and form surface hydroxyl groups which will enhance catalytic activity [START_REF] Chen | Insights into interface engineering in steam reforming reactions for hydrogen production[END_REF][START_REF] Zhou | High activity of Ce1-xNixO2-y for H2 production through ethanol steam reforming: tuning catalytic performance through metal-oxide interactions[END_REF] .

Many publications have focused on the influence of the support on the activity of the catalyst.

Some studies dealt with nickel at 8.2 % by weight as the active phase and ceria, perovskites MgAl2O4 and Ce0.6Zr0.4O2 [START_REF] Trane-Restrup | Steam reforming of ethanol: Effects of support and additives on Nibased catalysts[END_REF][START_REF] Trane-Restrup | Steam reforming of ethanol over Ni-based catalysts: Effect of feed composition on catalyst stability[END_REF] where their BET analysis showed a specific surface area of 90 m² / g for the catalyst supported on Ce0.6Zr0.4O2 and 113 m²/g for the catalyst supported on ceria.

XRD analysis were also carried out on these two catalysts and show an average crystallites size of 10 nm for the catalyst supported on ceria and 15 to 20 nm for the supported catalyst on ceriazirconia. Moreover, by increasing the percentage of cerium in zirconia, the selectivity to hydrogen also increased, from 52 % for an unmodified zirconia to 60 % for a zirconia in which 70 % of zirconium atoms were replaced by cerium. However, with 90 % of cerium in zirconia, the selectivity dropped.

The type of material used and dopants play a very important role in the catalytic activity of the catalyst. It has been found that there is a good reforming stability of catalysts with the increase in La content to prevent the formation of carbon filaments, this was achieved by the use of Ni/La-Al2O3 catalysts prepared by citrate method at a reaction temperature of 500 °C to obtain 100 % conversion [START_REF] Sanchez-Sanchez | Ethanol steam reforming over Ni/LaAl2O3 catalysts: Influence of lanthanum loading[END_REF] .

The catalytic behavior of Ni/Al2O3 catalysts modified with La and Ag was investigated to also

show that activity and stability against carbon deposition was strongly dependent on the presence of La and only slightly sensitive to Ag. Moreover, on the same type of catalysts it has been shown that the Ni/La-Al2O3 catalysts become inactive at low temperatures, and the activity could be regenerated with reduction of NiO by ethanol on raising the reaction temperature [START_REF] Liberatoria | Steam reforming of ethanol on supported nickel catalysts[END_REF] . Other catalysts based on Co supported on Zn-hydrotalcite can be improved by means of ethanol conversion, high hydrogen selectivity, and high stability by the steam reforming if they are promoted with La 94 .

For some reactions using nickel based catalysts comprising nanoparticles and strong metalsupport interactions (SMSI) behave highly active and resistant to coking [START_REF] Subramani | Advances in catalysis and processes for hydrogen production from ethanol reforming[END_REF][START_REF] De La Piscina | Use of biofuels to produce hydrogen (reformation processes)[END_REF][START_REF] Mattos | Production of hydrogen from ethanol: Review of reaction mechanism and catalyst deactivation[END_REF][START_REF] Alvarado | Steam reforming of ethanol for hydrogen production: Thermodynamic analysis including different carbon deposits representation[END_REF][START_REF] Pirez | Highly Efficient and Stable CeNiHZOY Nano-Oxyhydride Catalyst for H2 Production from Ethanol at Room Temperature[END_REF][START_REF] Fang | Room temperature hydrogen production from ethanol over CeNixHzOy nano-oxyhydride catalysts[END_REF][START_REF] Sankirand | Hydrogen Production Technologies[END_REF][START_REF] Liu | Elucidating the interaction between Ni and CeOx in ethanol steam reforming catalysts: A perspective of recent studies over model and powder systems[END_REF][100][101] and among which are ex-hydrotalcite Ni-Mg-Al-O based compounds which have been tested 102- 105 . Thermal treatment of hydrotalcite (HT)-like compounds is a largely studied strategy for preparation of mixed oxides with high activity and mechanical strength, such as in H2 production. The HT-like compounds enable to incorporate various metal cations such as

Ni 2+ , Co 2+ and Cu 2+ , and so they have been employed and studied as catalyst precursor or as catalyst support [START_REF] Cerdá-Moreno | Co and La supported on Zn-Hydrotalcite-derived material as efficient catalyst for ethanol steam reforming[END_REF] . As a matter of fact, it is known that the catalyst composition as well as preparation are of paramount importance whatever for catalyst activity, selectivity and stability.

On this basis, Cerda-Moreno et al. [START_REF] Cerdá-Moreno | Co and La supported on Zn-Hydrotalcite-derived material as efficient catalyst for ethanol steam reforming[END_REF] were interested in studying Co and La supported on Zn-Hydrotalcite-derived material by testing samples of Zn-hydrotalcite containing different amounts of Co (5, 10, 20, and 30 wt. %) under a water/ethanol molar ratio of 10 and temperature ranging between 673-873 K. The best results were obtained with the sample containing 20 wt. % of Co (20CoHT), with a complete conversion of ethanol and yields to hydrogen close to the equilibrium (73 mol. %). Further incorporation of this catalyst with 1 wt. % of La improved the stability of this catalytic material against deactivation as shown before [START_REF] Liberatoria | Steam reforming of ethanol on supported nickel catalysts[END_REF][START_REF] Sanchez-Sanchez | Ethanol steam reforming over Ni/LaAl2O3 catalysts: Influence of lanthanum loading[END_REF] in agreement with the previous study done on La compounds.

Another approach for finding a good catalyst for ethanol steam reforming is through adding some alkaline metals such as Ca in the A site of perovskites composed of La1-xCaxAl1-yNiyO3 (x = 0, 0.1; y = 0, 0.1, 0.2, 0.

3) The size of the alkaline metal matters also in the reforming process, and so replacing Ca later by Mg, another alkaline metal with a smaller radius, gives the suitable basic character and it allowed a complete insertion of Ni in the structure due to its smaller radius 106 .

It should also be noted that the nature of dopant has a very effective role on catalysts. It was revealed that 107 when doped with Cs, Ni/ZrO2 catalysts yielded higher levels of H2 than the catalysts doped with Ce, Li, K and La.

Finally, it is important to draw out the attention on the effect of the preparation method on the catalytic performance of the catalysts 108 . Some tests were done on prepared Ni-based catalysts by using three synthesis methods involving sol-gel, impregnation, and co-precipitation (under a reaction temperature of 525 °C with a H2O/C2H5OH molar ratio of 8:1) 109 . Characterizations and catalytic activity tests results revealed that sol-gel process produced the most promising catalyst with 80 % selectivity to H2 and the favorable Ni/Al2O3 mesoporous structure that was responsible for its better activity in steam reforming of ethanol. The CH4 and CO products were almost negligible, which indicateed that this catalyst prepared by sol gel was sufficient to reform the CH4 intermediate product into H2 and it also promoted the water-gas shift reaction.

This has also been investigated on Ni/MgO catalysts supported on nanocrystalline MgO which were also prepared by sol-gel process 110 . The low CH4 and CO selectivity directed the process towards a low tendency for coke formation. This was caused by either methane decomposition or CO disproportionation. However, when the catalysts were prepared by impregnation and coprecipitation, the selectivity for CO and CH4 showed a slight increase at the expense of H2 production. The two catalysts produced by the latter methods gave almost the same H2 selectivity with only 74 %, but the CH4/CO ratio for the impregnation method was a bit higher than that of co-precipitation.

IV.1.2 SRE catalysts operating at low temperature

According to previous classification, this corresponds to temperatures equal or below 450 °C

IV.1.2.1 With noble metals

At temperatures below 400 °C, the studies are rare in the field of noble metals. Platinum has been reported as an active metal for steam reforming of ethanol at low temperatures [START_REF] Kourtelesis | The effects of support morphology on the performance of Pt/CeO2 catalysts for the low temperature steam reforming of ethanol[END_REF]111,112 Regarding supports in this process, it has been found that the Pt/Al2O3 catalyst very efficiently converts ethanol (94% conversion) but gives a very low H2 selectivity (SH2 = 6 %) at 450 °C but with the use of a support as ZrO2 or CeO2, a decrease in ethanol conversion (46% and 87% respectively) and a significant increase in H2 selectivity (42.3 % and 40 % respectively) were observed 115 . Breen also found the same effect by comparing two Pt/Al2O3 and Pt/CeO2-ZrO2 catalysts. It has been also shown that a support like CeO2 is more suitable than the support Al2O3 [START_REF]Galvita Ethanol decomposition over Pd-based catalyst in the presence of steam[END_REF] . Other studies used Pt in a dragon fruit like nanocomposite of Pt-Cu@mSiO2, this structure allowed good term stability results over 150 hours in low temperature steam reforming with 70% selectivity to hydrogen and low by-products production 116 . Some studies were focusing on rhodium performance at low temperatures using CeO2 or CeO2-ZrO2 117 .

Nevertheless, the rhodium metal remains little studied at low temperatures.

To improve the performance of the catalyst, mesoporous SiO2 shell embedded with Pt-Cu alloy nanoparticles were used 116,118 to have better access to the metals and to prevent leaching and aggregation of active sites as well as suppressing the carbon deposition on the active surface, thus maintaining a good catalytic activity during around 150 h stability test at 400 °C. For this same catalyst, selectivities towards H2 and acetaldehyde do not change with the increase of temperature due to the limited ability in C-C bond cleavage. The encapsulation of the bimetallic Pt-Cu alloy nanoparticles inside the mSiO2 shells was proved to be vital for maintaining stable ethanol conversion and give full play to the catalytic activity of active sites to maintain a good conversion of ethanol.

In ethanol reforming tests, the molar ratio of metals in the catalyst and water/ethanol ratio should be optimized according to the other factors to get the best catalytic activity and selectivity to hydrogen. Divins used catalysts based on rhodium and palladium supported on ceria loaded with 3 % w/w total with respect to Ce support and Rh:Pd molar ratio 1:1, with a water/ethanol ratio of 3 to obtain 70 % selectivity to hydrogen.

It should also be considered that the low temperature steam reforming can produce lots of carbon. On this basis, one of studies 119 have been performed to minimize the problem of carbon buildup on Ni-based catalysts and it was found that Pt addition to Ni/CeO2-nanocube promotes the hydrogenation of highly active carbon species adsorbed at the surface at a higher rate than carbon diffusion into bulk nickel and thus minimizing carbon buildup. Using these catalysts having 10 wt % Ni and 1 wt % Pt (prepared by co-impregnation) with a feed of H2O/Ethanol ratio 3 (under a reaction mixture of 2.5 mol % ethanol, 7.5 mol % H2O and 90 mol % N2) 69 % conversion of ethanol and 42 % of H2 in products distribution were obtained; unlike the catalyst without Pt that showed lower conversion of ethanol (54 %) and higher H2 formation (50 % in products distribution).

The concentrations of water play important role in H2 performance 120 as on Rh/Al2O3 catalyst it has been concluded that the slight increase in the amount of water in the system helps to balance the reaction towards the steam-reforming and water-gas-shift and thus increase the yield of H2.

IV.1.2.2 With transition metals

Ni-based catalysts are the most studied due to their high activity and lower cost with respect to noble metals catalysts 121 but carbon deposition and sintering effects are always present and may lead to deactivation problems [122][START_REF] De Lima | Hydrogen production through oxidative steam reforming of ethanol over Ni-based catalysts derived from La1-xCexNiO3 perovskite-type oxides[END_REF][124][START_REF] Liu | Progresses in the Preparation of Coke Resistant Ni-based Catalyst for Steam and CO2 Reforming of Methane[END_REF][126][127][128] .

In this sense, the catalytic support plays an important role in the inhibition of secondary reactions such as dehydration and polymerization, which lead to the formation of carbonaceous residues [129][130][131][132][133] . It is also considered to allow the gasification of carbonaceous residues by action of adsorbed species (CO2, H2O) or interaction with O 2-ions of the support itself; The type of support used can enhance metal-support interactions that can prevent sintering effects on the catalyst. In general, different metal oxides (Al2O3, MgO, SiO2, ZrO2, TiO2, La2O3) are used as catalytic supports since they provide suitable acid-base properties for the different stages in the reaction mechanism, high specific area and high mechanical and thermal resistance [START_REF] Denis | Steam reforming of ethanol over Ni/support catalysts for generation of hydrogen for fuel cell applications[END_REF]122 .

However, in ethanol steam reforming reaction 135 , the acidic sites of γ-Al2O3 favored ethanol dehydration to undesirable reaction byproducts, such as ethylene. The presence of ethylene led to a decrease in the selectivity for H2 and to deactivation of the catalysts, since this reactant is involved in polymerization reactions that favor coke formation. The presence of suitable promoters such as K can neutralize the acidic sites of γ-Al2O3, thereby reducing coke formation 136 . The impregnation of Al2O3 with La2O3 reduced also carbon deposition [START_REF] Fatsikostas | Reaction Network of Steam Reforming of Ethanol Over Ni Based Catalysts[END_REF] .

Promotion of the active phase by addition of a second metal can also improve or worsen the catalyst performance 138 . For example, using nickel in the active phase [START_REF] Haryanto | Current status of hydrogen production techniques by steam reforming of ethanol: A review[END_REF] , a transition metal at 5 % by mass (from cobalt or iron) was added, using ceria-zirconia as a support (Ce0.5Zr0.5O2) to show that this catalyst without a promotor allows at 350 °C to have a total conversion to ethanol and 4.5 moles of hydrogen formed per mole of ethanol. However, the addition of these elements makes it possible to maintain these results (with iron) or to reduce the conversion as well as the number of moles of hydrogen formed (with cobalt). Binary catalysts based on nickel and alumina have shown better results at 400 °C than that of the same catalyst promoted by addition of magnesium as the conversion of ethanol dropped drastically from 67 % and same for hydrogen selectivity that became lower than the value of the binary catalyst 42 %. Although structured manganese oxides (birnessite and todorokite) containing Co have shown a noticeable activity in steam reforming of ethanol for hydrogen production, exhibiting high values of conversion of ethanol and selectivities to hydrogen (100 % and 70 %, respectively) 139 when these experiments were performed at 673 K, 773 K and 873 K, lasting for 5h each. However, the use of zinc, molybdenum or cobalt allowed a total conversion of ethanol and a hydrogen selectivity of up to 59 %, using cobalt.

The presence of a second metal can affect the number/type of active sites, preserve the active phase integrity playing a sacrificial role or induce metal-metal interactions, all of which leads to an improvement of the catalytic activity and higher resistance to deactivation or even the opposite. In the influence of studying the addition of boron in a Ni catalyst supported on ceria 140 , some tests were performed at a temperature of 350 °C with a H2O/EtOH ratio of 13. It was found that the addition of boron allows a total conversion to ethanol as well as between 2 and 5 times more moles of hydrogen formed per mole of ethanol than those with the catalysts without boron. Another study done on doping catalysts with boron with a coprecipitation method allowed to see the effects of boron in promoting the activity of the catalyst Ni/Ce0.5Zr0.5O2. Well dispersed active species and formation of a Ni-B alloy coming from Bdoped catalyst can promote catalyst performance and reaction pathway. Further, it could improve the selectivity of hydrogen for a SRE reaction. In addition, the B-doped ceria catalysts possess a high oxygen storage capacity through the formation of CeBO3 under SRE conditions, which plays a key role in removal of the carbonaceous species 141 .

Preparation steps used for the synthesis of the catalyst (Impregnation humid -IH or coprecipitation -CP) have a clear effect also on the results and each preparation could give a different structure for the catalyst and thus different catalytic results. TPR analysis carried out on nickel based catalysts prepared by co-precipitation method 140 revealed the presence of two main peaks, one which was attributed to the reduction of nickel cations in a mixed oxide phase, and the other to the reduction of NiO particles into metallic nickel Ni 0 . This was explained by the presence of a solid solution which would have formed by the incorporation of Ni 2+ cations in ceria replacing some Ce 4+ ions. The solid solution allows the interaction between the metallic species by redox processes and as a result the conversion of ethanol and selectivity to hydrogen increased. Other studies were done using redox precipitation method of preparation on cobalt modified manganese oxide catalysts at 390 °C using a water/ethanol ratio of 12:1 and it has been shown that only 50 % conversion of ethanol was achieved with a high selectivity to undesired products (54 % CH3CHO and 5 % CO) 142 . In addition, that this process led to the deactivation of the catalyst by carbon formation, it was shown that synthesis of cobalt manganese oxide by this method led to the formation of strongly dispersed cobalt ionic species within cryptomelane-based manganese oxide structure. In another study, the sol-gel strategy was used for preparation. Different amounts of Pr were doped into ceria and compared with the traditional impregnation methods. This method showed more highly dispersed Ni nanoparticles, abundant oxygen vacancies and enhanced metal-support interactions 143 .

In this sense, the literature reports several hydrocarbon reforming reactions with Ni-based catalysts promoted with Sn as part of intermetallic compounds 144,145 . Due to the similarity of the electronic structure of Sn and C (along with other tetra and pentavalent p metals) and since deactivation in this type of catalysts is mainly due to carbide formation, the interaction between the two metals can inhibit carbide formation increasing the catalytic lifespan 122 . On the other hand, a decrease in the catalytic activity of the NixSny system with the increase in the proportion of Sn in the intermetallic compound has been reported 146 .

The process of ethanol steam reforming is mainly affected by the thermal conditions, as expected, due to the endothermicity of the reaction. In fact, results demonstrated that the conversion increased with the increase in temperature 141 on Ce, Ni and Zr based catalysts. It has been investigated that with a temperature range rising between 200 °C and 500 °C, the conversion can exceed 90 % depending on catalyst used (T90, the temperature of 90 % EtOH conversion) around 310-340 °C for all Ni-based catalysts, and the order of T90 decreased in the order of BNiCeZr(C) < NiCeZr(C) < NiCeZr(I) < BNiCeZr(I) with a water/ethanol molar ratio of 13 and over 100 mg catalyst).

Water-to-ethanol ratio can enhance the process too. As the water-ethanol molar ratio increased in the feed, the concentration of hydrogen and carbon dioxide increased and the formation of carbon monoxide, acetone, aldehyde and ethylene decreased 147 .

Finally, there are some processes used recently to promote the steam reforming process of ethanol. It is the phenomenon of electrochemical promotion of catalysis (EPOC), also known as non-faradaic electrochemical modification of catalytic activity (NEMCA), that was discovered by Stoukides and Vayenas in 1981 148 . It was shown to be an alternative way to promote and enhance catalytic reaction rates. This process is based on activating the catalyst by an electrochemical supply of promoter ions from an electro-active catalyst support (solid electrolyte). The electrochemical promotion phenomenon allowed to control in a continuous and reversible manner the addition or removal of promoters to the catalyst 149 . Additionally, in the last years this phenomenon has been used for modifying the reversible oxidation state of a catalyst [START_REF] López | Electrochemical promotion for hydrogen production via ethanol steam reforming reaction[END_REF]150 , preventing poisoning effects 151 or even regenerating the catalyst from carbon deposition during the catalytic reaction 152 . The application of the EPOC phenomenon in hydrogen production reactions has been already studied in different catalytic systems [START_REF] Calcerrada | Influence of the carbon support on the Pt-Sn anodic catalyst for the electrochemical reforming of ethanol[END_REF] . For example, it has been studied on the water-gas shift reaction using Pt as catalyst and yttriastabilized zirconia (YSZ, O 2-conductor) as solid electrolyte, and Ni supported on K-β"Al2O3 (K+ conductor) [START_REF] De Lucas-Consuegra | Electrochemical activation of a non-noble metal catalyst for the water-gas shift reaction[END_REF] . The steam reforming reaction has also been studied on Ni and Pt, both supported over YSZ solid electrolyte [START_REF] Caravaca | Enhanced H2 formation by electrochemical promotion in a single chamber steam electrolysis cell[END_REF]155 . On the other hand the EPOC effect has also been studied using Ni and Cu supported over K-β"Al2O3 [START_REF] De Lucas-Consuegra | Electrochemical activation of a non-noble metal catalyst for the water-gas shift reaction[END_REF] . All these studies have been reviewed in a recent work 156 .

In the UCCS laboratory different catalysts based on cerium and nickel 157 and based on magnesium, aluminum and nickel 105,158 were studied in SRE and have shown high performances at low temperature.

IV.2. Oxidative steam reforming of ethanol

Many simultaneous and/or consecutive competitive reactions may occur in ethanol steam reforming that may end up in different undesirable products such as carbon deposition which can be generated by different reactions such as the decomposition of ethylene and acetaldehyde.

So even if the ethanol steam reforming process provides a high yield of hydrogen (according to the stoichiometry of the reaction, Eq. 5) however it is not always favored to the oxidative steam reforming reaction (OSRE, Equation 10) [START_REF] Mattos | Production of hydrogen from ethanol: Review of reaction mechanism and catalyst deactivation[END_REF]159 . Coke deposition is one of the important problem regarding reforming which will lead to the loss of catalytic activity. The catalysts could be generated back but it is unfavorable by the industrial processes due to its high cost. Hence, to inhibit the catalysts deactivation, the removal of carbonaceous by-products can be promoted by adding oxygen to the process or in another words by oxidative steam reforming knowing that the selectivity to hydrogen decreases in this process compared to the non-oxidative one. Many researches have been done on oxidative steam reforming in addition to the different catalysts that were synthesized during this process and the different conditions used in each study 129, 160- 169 .

Oxidative steam reforming (OSRE) process, with the particular case of the so-called autothermal reforming (ATRE) process, that will be presented later on, can be seen as a mixture of SRE and partial oxidation reaction POE (Eq. 11). The needed heating may be brought by simultaneous burning a portion of ethanol when oxygen or air is added to the feedstock. POE could be performed at relatively lower temperature, but it is relatively less studied because of the high exothermicity of the reaction which could lead to hot-spots and usually related to deactivation of the catalyst.

C2H5OH + a H2O + b O2 → c CO2 + d H2 (equation 10) C2H5OH + 1.5 O2 → 2 CO2 + 3 H2 ΔH 0 298K = -545 KJ mol -1 (equation 11)

IV.2.1 OSRE catalysts operating at high temperature

IV.2.1.1 With noble metals

Among the noble metals used in oxidative steam reforming, Pt is able to enhance ethanol adsorption and water gas shift reaction as well as the hydrogenation of coke precursors 170 .

Bimetallic catalysts (Pt-Co) [START_REF] Ruocco | Experimental and kinetic study of oxidative steam reforming of ethanol over fresh and spent bimetallic catalysts[END_REF] supported on a CeO2-SiO2 mixed oxide and prepared by wet impregnation were tested in oxidative steam reforming and conversion of ethanol of 80 % was reached after 70 h of time-on-stream at 500 °C. However, the activation energy for this reaction was higher than that obtained on Ni-Co based catalysts low. Same results were obtained at 500 °C on platinum-cobalt bimetallic catalysts supported on CeO2-SiO2 mixed oxides with a 3 % wt. for Pt with respect to ceria mass and using 10 % volume of ethanol in the gaseous mixture which allowed obtaining 80 % conversion of ethanol after 70 hours of time on stream.

In particular, the Rh/Al2O3 catalyst that V. Fierro prepare [START_REF] Osorio | Improved ethanol steam reforming on Rh/Al2O3 catalysts doped with CeO2 or/and La2O3: Influence in reaction pathways including coke formation[END_REF]172 

IV.2.1.2 With transition metals

Among the transition metal based catalysts, Ni and Co are the most studied ones for oxidative steam reforming of hydrocarbons due to their high cleavage capability of C-C and C-H bonds 28, 30, 31, 175-179 .

Ni catalysts are largely studied because of its high activity and low cost 170,[START_REF] Ruocco | Experimental and kinetic study of oxidative steam reforming of ethanol over fresh and spent bimetallic catalysts[END_REF]180 . However, Ni can be deactivated by formation of carbon deposits and oxidation of metallic sites and/or sintering 181,182 . It has been reported that higher amount of carbon deposition can be related to larger Ni particles during SR [START_REF] Vizcaíno | Hydrogen production by ethanol steam reforming over Cu-Ni supported catalysts[END_REF] . Also, lower H2O/EtOH ratios favor the deposition of filamentous carbon [START_REF] De Lima | Evaluation of the performance of Ni/La2O3 catalyst prepared from LaNiO3 perovskite-type oxides for the production of hydrogen through steam reforming and oxidative steam reforming of ethanol[END_REF] .

Many researches have been conducted recently for the improvement of the catalytic performance of Ni-based catalysts. One of the strategies was by the addition of a promoter to get better Ni dispersion and thus preventing sintering 185 or by using bimetallic catalysts to minimize deactivation.

Other factors such as oxygen mobility favors catalytic performance, in addition to low particles size, defined crystallographic planes and specific concentrations of oxygen vacancies 186 . In fact, it has also been shown that there is a relation between reducibility of metals, H2 production and carbon deposition where copper in the NiCu bimetallic catalyst enhanced nickel reducibility, promoted higher H2 production and mitigated the deposition of graphitic carbon [START_REF] Passos | Operando monitoring of metal sites and coke evolution during non-oxidative and oxidative ethanol steam reforming over Ni and NiCu ex-hydrotalcite catalysts[END_REF] .

The nature of the support can also enhance the activity of the catalysts as this has been shown on nickel catalysts on Al2O3 supports that were either unpromoted or promoted with CeO2, ZrO2 and CeO2-ZrO2 187 . The unpromoted catalyst showed lower activity and a lower hydrogen yield than the promoted catalyst. The characterization of the Ni-based catalysts promoted with CeO2 and/or ZrO2 showed that the catalysts properties ware altered by enhancing Ni dispersion and reducing Ni particles size. The promoters, especially CeO2-ZrO2, increased the H2 yield and the CO2/CO and the H2/CO values while decreasing coke formation. This is due to the addition of ZrO2 to CeO2. This is in conformation that oxygen storage capacity and of mobile oxygen vacancies increase the number of surface oxygen species. The addition of oxygen facilitates the reaction by regenerating the surface oxygenation of the promoters and by oxidizing surface carbon species and carbon-containing products. In fact, the dispersion of the metal on the support was shown to strictly affect the diffusion of oxygenated species along the ceria surface 163 , the surface basicity, and the concentration of coupled sites formed at the metal/support interface. All of these factors were found to be critical for ethanol conversion, selectivity toward hydrogen production, and resistance to aging upon long-term testing. Many publications have focused on the influence of the support on the activity of the catalyst. cobalt was used as the active phase at 20 % by weight, alumina and ceria, or a mixture of both as a carrier. With a temperature of 500 °C, with a low ratio of oxygen (O2/EtOH = 0.2, a total conversion to ethanol and up to 5.6 moles of hydrogen per mole of ethanol were obtained for a catalyst supported on alumina only 188 . However, with a ceria-alumina mixture, 5.3 moles of H2 per mole of ethanol were still obtained.

Another factor influencing activity is the element used in the active phase. For this reason some studies were performed on various catalysts with MgO-Al2O3 as support 189,190 . The catalysts used were based on nickel and/or cobalt, at approximately 30 % by weight, supported and then two promoters were added: cerium and praseodymium, at 1 % by mass. With 50 mg of catalyst, reaction carried out at 550 °C and an EtOH/H2O/O2 ratio equal to 1: 3: 0.4, all the catalysts make possible to obtain a total conversion of ethanol. Moreover, the catalysts doped with cerium or praseodymium allowed increasing from 3 to 3.4 moles of hydrogen per mole of ethanol (for catalysts based on cobalt alone). No difference was observed between cerium and praseodymium doping under these conditions. However, by the use of cobalt alone instead of nickel and cobalt together and by adding more cerium and/or praseodymium (about 3 % by weight) and with almost the same conditions (here EtOH/H2O/O2 = 1:3:0.5), substantially identical results are obtained, whether or not promoters were used (from 66 % without promoter to 68 % with 2.5 % cerium and 2 % praseodymium).

Other researchers have analyzed various aspects influencing the activity of the catalyst. Da In another register, Da Silva analyzed the influence of the calcination temperature of the catalyst. A mixed oxide catalyst was used (LaCoO3) and reduced at 600 °C and then 800 °C.

With a reaction temperature of 500 °C, identical hydrogen percentage is obtained (58 %) but the increase in the calcination temperature caused a decrease in the conversion of ethanol, from a total conversion to 95 % conversion.

The influence of catalyst preparation should also be investigated in the oxidative steam reforming process of ethanol and some studies were done using two different methods:

ultrasound and microwaves. At 550 °C and with an EtOH/O2/H2O ratio equal to 1:0.5:3 total conversion of ethanol with approximately 3.1 moles of hydrogen per mole of ethanol were obtained after 100 hours in the case of a conventional preparation. However, using the other two methods mentioned above and under same other conditions, around 3.3 moles of hydrogen per mole of ethanol were obtained. The pH of the impregnation solution used in the preparation of the catalyst has a great influence as it has been shown that by varying the pH from 7 to 12 (using ammoniac solution) for a nickel catalyst (3.6 %) supported on Y2O3, the percentage of hydrogen obtained increased from 42 % to 47 % for a reaction at 500 °C 192 .

The catalyst formulation is also a key factors to be focused on in the oxidative steam reforming reaction 193 , for this purpose a catalyst in the form of La2Ce2-xNixO7-δ mixed oxide was tested with different values of x (0.05-0.45) at a constant H2O/EtOH ratio of 3 and constant temperature of 500 °C. At x equal to 0.05, between 65 and 70 % conversion of ethanol and 37 % of selectivity in hydrogen were found while at x = 0.45, the conversion of ethanol became total and the selectivity to hydrogen increased to more than 80 %. Moreover, the CO selectivity also increased with the value of x, from 47 % for x = 0.05 to about 70 % for x = 0.45. In fact, doping the catalysts with other metals could enhance the catalytic performance or can lead to a decrease of the performance. K-addition to the Ni-based sample worsens the catalytic performance as quite high carbon formation was observed during stability tests. Moreover, the K containing catalyst displayed a not negligible by-products selectivity (i.e. acetaldehyde) 194 .

The effect of the percentage of oxygen in the reaction mixture on the conversion to ethanol was also investigated and it was observed that there is a very sharp decrease in these conversions at the highest oxygen ratios 195 . Indeed, at a ratio of 0.4, all the formulations made possible to have a total conversion whereas for a ratio 0.7, none of the formulations allowed total conversion. In In summary, many parameters seem to be very important and a single change can lead to a big difference in the catalytic activity and selectivity. Hence, it is hard to choose the perfect optimal parameters for each catalyst.

IV.2.2 OSRE catalysts operating at low temperature

IV.2.2.1 With noble metals

The catalysts used in low temperature oxidative steam reforming are mostly based on transition metals. However, some researches have shown results performed on noble metal catalysts and more of which have a low loading of noble metals in addition to the transition ones. Several factors affect the activity of the catalyst, the conversions of ethanol and hydrogen selectivity in this process.

Some studies were carried out on the influence of the support (with iridium as reference active phase) 196 and on the influence of the active phase (with lanthanum oxide as support). It was observed that at a temperature ranging between 410 and 440 °C, the most suitable support with 1% iridium is lanthanum oxide, with a conversion up to 89 % and a hydrogen selectivity of 36 %. Increasing the percentage of iridium in this last catalyst dropped the conversion to 74 % under the same conditions. Another study showed that with an equal weight content, palladium converted ethanol more easily (99 % conversion), but the selectivity to hydrogen was only of 22 %, whereas ruthenium led to 92 % conversion of ethanol but with a selectivity to H2 of 35 %.

Mattos et al. [START_REF] Mattos | Production of hydrogen from ethanol: Review of reaction mechanism and catalyst deactivation[END_REF] included the variation of the support and with 4.8 wt % iridium supported on lanthanum, 100 % conversion of ethanol was obtained whereas with Al2O3 support, only 82 % of ethanol was converted. Palma 197 also investigated the influence of the support by varying the CeO2/SiO2 ratio in a catalyst composed of a CeO2-SiO2 support with nickel (10 wt %) and platinum (3 wt %) as the active phase. At 300 °C and with an EtOH/H2O/O2 ratio of 1:4:0.5, the best result was obtained for a support composed of 30 % ceria and 70 % silica where the conversion of ethanol was of 90 % and the hydrogen yield was only of about 15 %. Han 198 changed the concentrations of ceria and lanthanum oxide in the support, using 1 % rhodium as the active phase. It was then revealed that for a support composed of 30 % of lanthanum oxide and 70 % of ceria, at a reaction temperature of 300 °C and using 100 mg of catalyst, as well as an EtOH/H2O/O2 ratio equal to 1:3:0.5, an almost total conversion of ethanol (99 %) and 2.3 moles of hydrogen per mole of ethanol were obtained. Some scientists prepared ceria with different specific surface areas (74, 92 and 154 m²/g) and then impregnated it with 5 % nickel and doped with 1 % rhodium. It was reported that the ceria having 92 m²/g as a specific surface has a lower activity than that with 74 m²/g 199 . However, going from 92 to 154 m²/g made possible to increase the conversion, from 40 to 58 %. The percentage of hydrogen, meanwhile, increased from 35 to 52 % in product distribution.

Later, other studies were conducted using iridium as a promoter, using similar formulation of catalysts 200 . At 300 °C and with 5 % of iridium supported on the same support as above, better results were obtained with about 55 % conversion of ethanol and a little less selectivity to hydrogen (35 %).

By taking alumina as a reference and varying the active phase 201 , it turns out that at 400 °C, with an EtOH/H2O/O2 ratio of 1:3:0.3, rhodium, ruthenium and gold played a substantially equivalent role in terms of conversion of ethanol (between 82 and 84 %) but that Rh and Ru allowed selectivity of 45 to 47 % to hydrogen while gold did not exceed 4 %. Ru was used to optimize metal oxides of Y2Ce2-xRuxO7-δ giving 84 % selectivity to hydrogen for a long term under C/O ratio of 0.5, O2/C2H5OH ratio of 1.5 and at a temperature of 300 °C 202 . On the same catalyst, when the Ru dopant amount increased from 0.1 to 0.4, the conversion of ethanol shifted from 70 % to maximum percentages.

Similar tests were done on Pt catalysts supported on alumina and modified by La or Co (the active phase) 172 . The catalysts modified with Ce were better than those modified with La. This better activity observed was correlated with the interaction between Pt and cerium. Pt-Ce interaction affected the adsorption-decomposition of ethanol to CH4 and CO and the reforming of these products with water. However, when both cerium and lanthanum were together in the support, a low catalytic activity was observed as a consequence of the lower Pt-Ce interaction caused by the decrease in surface ceria dispersion with respect to that achieved on the lanthanum free ceria-alumina support.

In the same means, the variation of H2O/EtOH and O2/EtOH ratios were studied. Increasing the percentage of water gave better results as it has been shown that by raising it from 3 to 10 (at a reaction temperature of 400 °C) the conversion of ethanol also raised from 84 to 96 %, in addition that the hydrogen yield increased from 47 to 87 %. A decrease in CO selectivity as well as an increase in methane were also noted. As for O2/EtOH ratio, the variation from 0.03 to 0.3 made possible to increase the conversion of ethanol from 62 to 84 % and the hydrogen yield from 15 to 47 % 201 .

The effect of C/O ratio has been investigated on Y2Ce2-xRuxO7-δ catalysts by Hsieh et al who found a gradual decrease in ethanol conversion at 300 °C when increasing the ratio of C/O from 0.1 to 0.4. Following the same trend, higher selectivities to CO, CH4 and C2H4 were obtained while decreasing selectivities to H2 and CO2 202 .

Analysis on the addition of promoters were carried out in the presence of noble metals. For example, a catalyst having 1 % by weight of platinum as the active phase with 1 % by weight of ruthenium supported on zirconia was used on the same support to obtain 96 % conversion of ethanol and 69 % selectivity to hydrogen at 300 °C 203 . Adding magnesium appeared to significantly decrease the activity of the catalyst (less than 75 % conversion) while in case of sodium as a promoter, it allowed a total conversion of ethanol with 72 % of hydrogen formed.

Another factor seems to be important in this oxidative steam reforming reaction of ethanol is the catalyst reduction temperature. Indeed, the interactions will not be the same depending on it. Casanovas 204 investigated this issue using a zinc oxide-supported palladium catalyst with a reduction temperature of 225 °C, 90 % conversion was achieved while with a higher temperature (450 °C), only 84 % of ethanol was converted. This trend was confirmed by the drop of hydrogen selectivity from 56 % to 48 %.

Moreover, the effect of H2O on oxidative steam reforming of ethanol is similar to that of O2, but is less obvious. The most significant impact is on the ethanol conversion. When the ethanol/water ratio increases, the ethanol conversion increases too (this is true for low O/C values or smaller O2 content). It has a limited effect on the yield of H2 and all other product selectivities. It was found that when increasing H2O/ethanol molar ratio from 3.0 to 5.0 led to a decrease in acetaldehyde and ethene formation 205 . These results were in agreement with the studies of Dömök et al. 206 , who investigated that increasing the H2O/ethanol molar ratio from 3.0 to 9.0 led to a decrease in ethene production during OSRE over alumina-supported Pt catalysts. water inhibits the dehydration of ethanol, and thus limits the amount of ethene produced. Kugai et al. 207 also noticed that the addition of water and oxygen over

Ni/CeO2 catalyst increased the ethanol conversion for ED, SR, POX, and OSR.

The reaction temperature has to be taken into account, in particular too, since for reaction temperatures lower than 450 °C, hydrogen yield profiles recorded over the Pt-Ni and Ni-Co samples exceeded equilibrium predictions [START_REF] Ruocco | Experimental and kinetic study of oxidative steam reforming of ethanol over fresh and spent bimetallic catalysts[END_REF] . It has been reported that the reaction mechanism being very complex, at intermediate temperatures, the hydrogen yield deviated from thermodynamics because the system was not capable to reach equilibrium values kinetically.

Previous studies 194 demonstrated that, in this temperature range, the reaction rate of water gas shift was higher than methanation, which also resulted in a methane concentration lower than that predicted by thermodynamics.

Overall, many factors have been studied and each of them can either promote or be unacceptable for the reaction.

IV.2.2.2 With transition metals

Good catalytic performances (in terms of hydrogen yield and stability over time) could be assured by the optimization of the catalyst formulation and optimal operating conditions 208,209,210 . Using transition metals as an active phase in comparison with noble metals under same conditions (and both having alumina as a support) gave a lower conversion of ethanol than that using noble ones 211 .

It was revealed 200,212 that the choice of the chemical support strongly affects the deactivation due to the carbon formation in addition to the conversion of ethanol and selectivity to hydrogen.

For example, it was found that NixCuyCs/LiAlO2 catalyst allowed higher hydrogen percentage than NixCuyCs catalyst due to the effect of support material. In addition, NixCuyCs/LiAlO2 led to the highest hydrogen production at 600 °C with low and high H2O/EtOH molar ratios (1.85 and 9) 213 . In general, acidic supports such as Al2O3, stimulated the dehydration of ethanol to ethylene which is the common precursor of coke [START_REF] Fatsikostas | Reaction Network of Steam Reforming of Ethanol Over Ni Based Catalysts[END_REF] , while basic supports such as MgO were resistant to coke deposition 214 . Redox supports such as ZrO2 and CeO2, possess a high oxygen storage capability, high oxygen mobility and were reported as active in the WGS reaction 187 .

In fact, ceria, too, has a considerable role in catalysts used for reforming because it possess an oxygen storage capacity (OSC), a redox ability [START_REF] Roh | Selective production of H2 from ethanol at low temperatures over Rh/ZrO2-CeO2 catalysts[END_REF] , and Ce 3 + ↔ Ce 4 + transformation 216 . In fact, some rare earth oxides (such as CeO2 or ZrO2) possess a redox ability and an oxygen storage capacity (OSC) which can promote the oxidation of the deposited carbon on the surface of the catalyst and thus increasing the activity in the reforming processes 217 .

The oxidative steam reforming results indicated that O2 plays an important role in altering the catalytic behavior 218 . O2 effectively promoted the ethanol conversion, which in turn led to an increase in the yield of H2, and affected the reaction path, which in turn increased the selectivities of CH4, CO and CO2. If the O2 content was increased excessively, it could oxidize CH4 and CO, and thus diminishing their selectivities; both are converted to a fully oxidized product CO2. This excess oxygen value decreased slightly the yield of H2.

To add, temperature is also a key parameter in this process. At low temperatures below of 300-400°C, it has been shown that acetaldehyde, acetone, and methane were formed [START_REF] Fierro | Oxidative reforming of biomass derived ethanol for hydrogen production in fuel cell applications[END_REF] In fact, ethanol dehydrogenation to acetaldehyde took place and the acetaldehyde formed was further decomposed to methane and carbon monoxide or was converted to acetone by condensation.

CO furtherly reacted with water to produce H2 and CO2 through the water-gas shift reaction.

As a result, at these temperaturesethanol, acetaldehyde, and acetone will entirely be reformed into H2, CO2, CO, and CH4. The main reactions were dehydrogenation of ethanol to acetaldehyde and methanation due to reaction of CO and CO2 with hydrogen. However, by increasing the temperature, selectivities to methane and acetaldehyde decreased, hydrogen production is favored and carbon formation is less favored. Other studies were performed to show the effect of reaction temperature on OSRE process 220 [START_REF] Zhou | High activity of Ce1-xNixO2-y for H2 production through ethanol steam reforming: tuning catalytic performance through metal-oxide interactions[END_REF]223 . The performances of nickel-based catalysts could be further used by the synthesis of bimetallic formulations of catalysts [START_REF] Palma | Renewable Hydrogen from Ethanol Reforming over CeO2-SiO2 Based Catalysts[END_REF] . In a previous study 226 , it was demonstrated that bimetallic formulations supported on CeO2-SiO2 assured the lowest carbon formation rates among the recent literature under oxidative reforming. In addition, interesting performances for the oxidative ethanol steam reforming process were also reported for nickel-cobalt bimetallic catalysts supported on complex/acid oxides [227][228][229] (including MgAl prepared from hydrotalcite precursors, LaFeO3 perovskites, Al2O3).

It should also be noted that the way of preparation of the catalysts plays an important role in the catalytic performance. Researches have shown that among sol-gel, plasma, wet impregnation and co-precipitation method, the sol-gel process was the best one 109,[230][231][232] . It was also demonstrated that for nickel supported on alumina catalysts prepared by sol-gel procedure under supercritical drying achieved the highest activity and had higher nickel dispersion and thermal stability than those catalysts synthesized by conventional methods such as impregnation. This method gave a better control in the physicochemical properties of catalysts such as surface area, particle size and porosity. Many works have used plasma treatment on the preparation of catalyst at low temperature to improve the metal dispersion and the catalytic stability but in fact they prevent the growth of metal/support particles at the same time.

Regarding the catalytic ability in conversion of ethanol and the selectivity to hydrogen, first of all, it's interesting to see the influence of the support. Sato 233 used nickel (at 5 % by mass) impregnated on ceria then the same nickel is supported on a cerium modified with zirconium.

The reaction took place at a particularly low temperature of 100 °C. With an EtOH/H2O/O2 ratio equal to 1:8:1 on 200 mg of catalyst, 87 % conversion of ethanol was obtained whatever the surface area was, and substantially identical hydrogen yields without and with zirconium in the support.

Another parameter that affects the catalytic reaction in the oxidative steam reforming process is the mass percentage of the active phase. It has been reported before that by increasing the percentage of active phase (in this case CuO on ceria prepared by co-precipitation method) from 10 to 40 %, hydrogen decreased in the products distribution from 39 to 32 % under a reaction temperature of 300 °C 234 . The conversion of ethanol was not mentioned, however what was interesting here was that very low amount of CO was formed which was proved by gas phase chromatography.

In the same attempt to see the effect of active phase 220 , some researches were doneon CuNiZnAl catalysts with different Cu:Ni atomic ratio prepared by coprecipitation. . At 300 °C, and a reaction mixture with a ratio of EtOH/H2O/O2 equal to 1:3:0.4, up to 95 % conversion of ethanol was obtained for a catalyst having as its active phase copper and nickel and up to to 3.7 moles of hydrogen per mole of ethanol for a catalyst composed of copper and cobalt. Kugai 207 used ceria as a carrier and nickel as the active phase. With a temperature of 300 °C, while the percentage of hydrogen is relatively the same regardless to the active phase (varying between 42 and 50 %) it resulted in up to 92 % conversion of ethanol for Ni (10 %) as an active phase.

Finally, with regard to the influence of the active phase, Wang 235 was interested in the influence of the percentage of different elements in LaxCa1-xFexCo1-xO3 mixed oxides and at a temperature of 400 °C with only 75 mg of catalyst, 84 % conversion of ethanol was obtained for x = 0.7 versus 80 % for x = 0.5. On the other hand, with regard to the percentage of hydrogen, the opposite effect was observed (79 % for x = 0.5 against 76 % for x = 0.7).

The addition of a promoter has also been analyzed by different researchers. Tests were done 236, 217 using 30 % by weight of nickel, with or without addition of cobalt, copper or calcium, supported on Ce0.74Zr0.26O2. The average crystallites sizes of NiO and of Ce0.74Zr0.26O2 measured by XRD were of 17.3 nm and of 12.5 nm, respectively. Without addition of another element, the conversion of ethanol reached 90 % and this conversion reduced up to 30 % in case of addition of cobalt, up to 61 % in case of addition of calcium but increased by 1 % if copper was added. It should be noted, however, that in all three cases the hydrogen yield decreased. Nickel seems to be better than the other elements. The influence of potassium addition in a cerium-supported cobalt catalyst was analyzed 237 . At 420 °C, 56 % of EtOH conversion was obtained without potassium against 78 % when 2 % of potassium was added.

The percentage of hydrogen increased by 10 %, from 50 to 60 % hydrogen with added potassium, after 35 hours of reaction.

In the UCCS laboratory cerium and nickel [START_REF] Pirez | Highly Efficient and Stable CeNiHZOY Nano-Oxyhydride Catalyst for H2 Production from Ethanol at Room Temperature[END_REF][START_REF] Fang | Room temperature hydrogen production from ethanol over CeNixHzOy nano-oxyhydride catalysts[END_REF]210 and magnesium, aluminum and nickel based catalysts were studied 238 , and in particular in their oxyhydride form. These catalysts have shown high performances with low input of energy as a very low furnace temperature of 50-60

°C could be used. With only 30 milligrams of catalyst, and an EtOH/H2O/O2 ratio of 1:3:1.6, a total conversion of ethanol and 45 % of hydrogen in the products distribution were obtained after 75 hours test.

IV.3 Autothermal steam reforming

The combination of steam reforming and partial oxidation is known as autothermal reforming (ATR). In ATR, the energy required by the reforming reactions is provided by exothermic oxidation reactions, and thermally sustained operation is achieved together with optimized H2 production.

This is a special case of the oxidative steam reforming of ethanol. It is the case where that the heat generated by the partial oxidation reaction is used integrally to convert ethanol into hydrogen and CO2 and hence the enthalpy of reaction is zero (equation 13).

C2H5OH + (3-2 δ) H2O + δ O2  (6-2δ) H2 + 2CO2 ΔrH ° ≈ 0 kJ / mol (equation 13)

The above equation displays the chemical equation for ATR of EtOH (EATR). ATR process can be achieved by controlling the molar ratio of reactants. When the value of δ is equal to 0. [START_REF] Gutierrez | Autothermal reforming of ethanol on noble metal catalysts[END_REF] . However, the high price of noble-metal materials is diminishing their application.

As a reason, transition metals such as Ni, Co, Cu [START_REF] Vizcaíno | Hydrogen production by ethanol steam reforming over Cu-Ni supported catalysts[END_REF][START_REF] Deluga | Renewable hydrogen from ethanol by autothermal reforming[END_REF][START_REF] Ni | A review on reforming bio-ethanol for hydrogen production[END_REF]214 

IV.4 Poisoning of catalysts and coke formation

The stability of catalysts for reforming and partial oxidation of hydrocarbons is extremely important 159 . The deactivation and regeneration of catalysts may be caused by several chemical, thermal and mechanical factors which have been investigated by Argyle et al. [START_REF] Argyle | Heterogeneous catalyst deactivation and regeneration: a review[END_REF] .

The major challenge for reforming and partial oxidation is the poisoning by impurities (specially by sulfur). It has been reported that Rh/CeO2 catalyst exhibits a higher tolerance to sulfur than Ni/CeO2 catalyst, this is due to the existence of O 2-species in the former. The O 2-species can promote the oxidizing of sulfur into SOx [START_REF] Ocsachoque | Experimental and theoretical study about sulfur deactivation of Ni/ CeO2 and Rh/CeO2 catalysts[END_REF] .

Coking is also a problem and mainly at low oxygen partial pressure. The intermediate reactions occurring during ethanol steam reforming that can be responsible for the formation of carbon on the surface of the catalyst, and leading to deactivating are reported in equations 14-21 Regarding the nature of carbon deposits formed during the ethanol steam reforming process, it was reported to be of amorphous and/or filamentous forms [START_REF] Alvarado | Steam reforming of ethanol for hydrogen production: Thermodynamic analysis including different carbon deposits representation[END_REF]253 Temperature plays an important role in carbon deposition but the available information is that the carbon deposition is governed by different kinds of reactions at different temperatures and hence is not easy to consider. Low reaction temperatures favor the formation of carbon through the Boudouard reaction and reverse of carbon gasification. However, carbon formation via methane decomposition is the main route at high temperature [START_REF] García | Hydrogen production by the steam reforming of ethanol: Thermodynamic analysis[END_REF][START_REF] Fishtik | A thermodynamic analysis of hydrogen production by steam reforming of ethanol via response reactions[END_REF][START_REF] Alvarado | Steam reforming of ethanol for hydrogen production: Thermodynamic analysis including different carbon deposits representation[END_REF]164 . The mechanism of coke formation over supported Ni catalysts during steam reforming of methane is well described in the literature [START_REF] De La Piscina | Use of biofuels to produce hydrogen (reformation processes)[END_REF]259,[START_REF] Subramani | Advances in catalysis and processes for hydrogen production from ethanol reforming[END_REF] . Methane dissociates on nickel surface, producing highly reactive carbon species which may undergo a number of processes, including reaction with water; encapsulation of the Ni particle surface 260 , or dissolution in the Ni crystallite followed by the nucleation and growth of carbon filaments 32 (e.g., whiskers). On other hand, at high temperature Boudouard reaction reversed but carbon deposition was enhanced through decomposition of hydrocarbons 261 (Equations 14 and 17).

It has also been shown that acidic supports promote formation of coke precursors. And so, alkali (Li, Na, K and Cs) and alkaline metals (Ca, Mg and Sr) having a basic character could neutralize acid sites for an effective approach [START_REF] Chen | Perovskite La-St-Fe-O (St = Ca, Sr) supported nickel catalysts for steam reforming of ethanol: the effect of the A site substitution[END_REF] . Integration of CaO and MgO has been shown to decrease the amount of coke deposition as well as affect the nature of coke formed 132,133 Molar ratio of ethanol and water in the feed during ethanol steam reforming can influence the yield, selectivity and deactivation of catalyst. In fact, at high temperature, water gas shift reaction leads to increase in hydrogen productivity and decreasing carbon deposition although it requires high energy consumption 262 . When the concentration of water was higher than stoichiometric quantity, it had an inhibitory effect on coke formation 263,264 . This was also validated by the study on different molar ratio concentration over Rh catalyst for 100 h time on stream. The molar ratio of water and ethanol lower than stoichiometric ratio led to deactivation after 4 h of operation. The effect of higher ethanol to steam ratio for ESR was also experimentally approved over Ni catalyst on different support (La2O3, γ-Al2O3, La2O3/γ-Al2O3) [START_REF] Fatsikostas | Reaction Network of Steam Reforming of Ethanol Over Ni Based Catalysts[END_REF] .

The nature of the active phase plays an important role in enhancing the coke deposition. For example, it has been reported that noble metals were more resistant to carbon deposition than non-noble metals and among noble metals, Rh known to have high activity towards C-C and C-H bond cleavage 120 promoted hydrogenation reaction and in turn led to very low carbon deposition. Rh also had the ability to prevent carbonate formation and so oxygen vacancies could be accessible for oxidizing carbon 265 . Nevertheless, Pt catalyst supported over different oxides (CeO2, Al2O3, ZrO2) showed significant amount of carbon deposition during the ethanol steam reforming process. Au catalyst was more stable compared to Pd over SiO2 supports [START_REF] Silva | Gold, palladium and gold-palladium supported on silica catalysts prepared by sol-gel method: synthesis, characterization and catalytic behavior in the ethanol steam reforming[END_REF] .

Regarding Ir catalysts supported over CeO2 and PrOx doped CeO2 did not show deactivation during ESR at temperatures of 623 K and 923 K, respectively 267,268 .

Preparation methods affected the dispersion of active phase and metal support interaction and thus affected coke formation during the process 269 . For example, this has been shown by Rossetti et al. who investigated the effect of support (SiO2) preparation method on carbon deposition 270 .

Good metallic dispersion and the possible formation of metallic oxide solid solutions along with strong metal-support interaction gave rise to long-lived catalysts maintaining their good activity and selectivity towards hydrogen production 120 . This phenomenon was investigated on catalysts were Co 2+ was incorporated into the lattice structure of the solid solution [START_REF] Fan | Tuning the composition of metastable CoxNiyMg100-x-y(OH)(OCH3) nanoplates for optimizing robust methane dry reforming catalyst[END_REF] 

IV.5 Mechanism of oxidative steam reforming

Recently, different mechanistic schemes for ethanol reforming have been proposed over the catalyst surface [START_REF] Knocke | Biofuelschallenges & chances: How biofuel development can benefit from advanced process technology[END_REF][START_REF] Ni | A review on reforming bio-ethanol for hydrogen production[END_REF][275][276][START_REF] Mattos | Hydrogen production for fuel cell applications by ethanol partial oxidation on Pt/CeO2 catalysts: the effect of the reaction conditions and reaction mechanism[END_REF] . The active site and mechanism are still under controversy. There are many mechanisms and reaction pathways illustrated for overall reactions taking place during steam reforming of ethanol and numerous researches are performed to find and understand the active sites with the objective to develop performant catalysts [278][279][280][281][282][283] . Therefore, an advanced knowledge of the reaction mechanism is fundamental for the improvement of catalyst formulations and processes. This is due to the complications in different catalyst's constituents and reaction conditions (such as reaction temperature, feed composition and residence time). The generally acknowledged reaction steps primarily include [START_REF] Ni | A review on reforming bio-ethanol for hydrogen production[END_REF] :

Ethanol dehydrogenation to acetaldehyde: C2H5OH  C2H4O + H2 (equation 22)

Ethanol decomposition to CH4, CO and H2: C2H5OH  CH4 + CO + H2 (equation 23)

Acetaldehyde decomposition to CH4 and CO: C2H4O  CH4 + CO (equation 24)

Methane steam reforming: CH4 +H2O  CO + 3H2 (equation 25)

Water gas shift: CO +H2O  CO2 + H2 (equation 26)

It fact, the water gas shift reaction taking place plays a key role in the oxidative steam reforming process as it has been shown that the more WGS taking place, the better the yield of hydrogen.

However, despite the good WGS activity in some catalyst, it has been shown on some catalysts a deactivation due to the increased tendency in formation of soft carbonaceous residues. This is mainly due to the low bond cleavage activity of active phase and their low gasification rate 284 .

Depending on the properties of the active metal and the support many other side reactions can occur, thus resulting in coke formation and decrease in hydrogen yield [START_REF] Nishiguchi | Catalytic steam reforming of ethanol to produce hydrogen and acetone[END_REF] . The possible side reactions might be: ethanol dehydration to ethylene, ethylene polymerization to coke, acetone formation via acetaldehyde condensation, followed by decarboxylation, methane cracking, Boudouard reaction and reverse of carbon gasification.

It has been already shown that the nature of the metal and the support selected greatly affected the final products distribution. The influence of active metal on the ethanol conversion pathways by temperature-programmed desorption (TPD), infrared spectroscopy (FTIR) in steady state conditions was investigated by Sheng et al. 285 and it has been investigated that adsorbed ethanol is dissociated to form ethoxide species that are then oxidized into acetaldehyde on Pt or Pd metals. However, Rh based compounds showed a deviation from this pathway. One H atom from the terminal (methyl) group of ethoxide species was lost and adsorbed in a cyclic configuration onto the surface (a five-membered-ring oxametallacycle intermediate) 286 . Further decomposition of these species led to the production of CO and CH4.

Adding Pt to Rh based catalyst promoted the hydrogen formation because Pt metal accelerated methane transformation into hydrogen. It has been elucidated that Rh had the ability to reduce the intrinsic activation barrier for C-C bond dissociation more than that of Pd or Pt [START_REF] Yee | The reactions of ethanol over M/CeO2 catalysts: evidence of carbon-carbon bond dissociation at low temperatures over Rh/CeO2[END_REF] . In addition, the d electrons of Rh shared more antibonding orbitals of ethoxide than those of Pd and Pt, thus giving a higher capacity of C-C bond cleavage. Au/CeO2 catalyst showed lower CO to CO2 ratios compared to those of Pt/CeO2 samples suggesting the WGS reaction had a higher rate over Au based catalyst. In fact, it is known that the production of CO is favored at high temperature from a thermodynamic point of view 288 . This can occur based on the following reactions:

CH3CHO → CH4 + CO ( equation 22) 
CH3CH2OH → CH4 + CO + H2 (equation 23)

CH4 + H2O → CO + 3H2 (equation 24)

It was also revealed that Rh catalysts presented the highest hydrogen selectivity and Ru promoted the formation of acetaldehyde [START_REF] Basagiannis | Low temperature steam reforming of ethanol over supported noble metal catalysts[END_REF] . The effect of active metals supported on the same Al2O3 support was studied on Ru, Pt, Rh and Pd to show that the H2 selectivity decreased in the following order: Rh≥Pt>Ru≈Pd while acetaldehyde selectivity followed the reversed order 290 .

Furthermore, a relationship between support properties and both dehydrogenation to acetaldehyde and dehydration to ethylene was revealed. In general, a high basicity of sites, Madelung potential of O anion, metal cation-oxygen anion bond energy, and high oxygen electronic polarisability of the support promoted dehydrogenation more than dehydration [START_REF] Yee | The reactions of ethanol over M/CeO2 catalysts: evidence of carbon-carbon bond dissociation at low temperatures over Rh/CeO2[END_REF]291,292,293 .

Other researches have been conducted to find the mechanisms for the OSR process however it is complicated to find a global mechanism which differs from one catalyst to another and A proposition for active site modeling has been reported previously on some mixed oxides containing Ni in UCCS laboratory [START_REF] Pirez | Highly Efficient and Stable CeNiHZOY Nano-Oxyhydride Catalyst for H2 Production from Ethanol at Room Temperature[END_REF][START_REF] Fang | Room temperature hydrogen production from ethanol over CeNixHzOy nano-oxyhydride catalysts[END_REF]105,157,210 . It was shown that after H2 treatment the solids contain anionic vacancies generated by elimination of H2O (Equation 25) able to capture/receive hydrogen in the form of hydride. Hydrogen can be heterolytically dissociated on an anionic vacancy and an O 2-species of the solid (Equation 26).

2OH -→ O 2-+ □ + H2O ( equation 25) 
O 2-Mn+ □ + H2 → OH -Mn + H -with □: anionic vacancy.

(equation 26)

The dehydrogenation reaction of ethanol necessitates the abstraction of hydrogen species from ethanol, with the cleavage of C-H bond (rate determining step) [START_REF] Subramani | Advances in catalysis and processes for hydrogen production from ethanol reforming[END_REF][START_REF] Mattos | Production of hydrogen from ethanol: Review of reaction mechanism and catalyst deactivation[END_REF][START_REF] Bion | Design of nanocatalysts for green hydrogen production from bioethanol[END_REF][START_REF] Li | Strategies for improving the performance and stability of Ni-based catalysts for reforming reactions[END_REF][START_REF] Contreras | Catalysts for H2 production using the ethanol steam reforming (a review)[END_REF][START_REF] Li | Catalytic reforming of oxygenates: state of the art and future prospects[END_REF] . It was shown that the active sites involved Ni cations in strong interaction with other cations, anionic vacancies and O 2-species of the solid which could perform the heterolytic dissociation of ethanol (Equations 27 and 28) leading to the production of acetaldehyde and H2 (Equation 28).

At high O2/EtOH ratios (1.6), acetaldehyde was easily transformed. Moreover, the hydride species could highly react with oxygen by an exothermic reaction that could generate hydroxyl groups (Equation 29). Since it has already been proved that OH -groups promote CO transformation into CO2 by water gas shift (Equation 12) [START_REF] Liu | Elucidating the interaction between Ni and CeOx in ethanol steam reforming catalysts: A perspective of recent studies over model and powder systems[END_REF] , these hydroxyl groups could transform ethanol into CO2 and H2. Moreover, water could also dissociate in the presence of an anionic vacancy and an O 2-species of the solid (Equation 30). This could be achieved when

Ni 2+ species were stabilized in strong interaction 298 . The hydride species could react with O2 due to their high reactivity to generate hydroxyl groups (equation 19) and then finally transformation of hydroxyls groups into the selective O 2-species would regenerate the active site (equation 15).

O 2-Mn + □ + C2H5OH → OH -Mn + H -+ C2H4O

(equation 27)

OH -Mn + H -+ CH3CH2OH → OH -Mn + H -+ CH3CHO + H2 (equation 28)

H -+ 0.5O2 → OH - (equation 29) H2O + O 2-+ □ → 2OH - (equation 30) 2OH -→ O 2-+ □ + H2O (equation 31)
Based on what have been stated in this bibliographic review, several important factors emerged based on the type of material and experimental conditions used for oxidative steam reforming of ethanol. Dealing with these factors, different tendencies arise towards ethanol conversion, hydrogen production, products distribution and carbon formation.

In our UCCS laboratory, several transition metals in mixed oxides based on nickel and cerium have been studied due to their very good reactivity in hydrogenation 339 and also in partial oxidation of methane and propane 336,351 . It has been shown that on CeNi1Oy calcined mixed oxide, oxyhydride formed by partial reduction in hydrogen allowed high performance in OSRE [START_REF] Pirez | Highly Efficient and Stable CeNiHZOY Nano-Oxyhydride Catalyst for H2 Production from Ethanol at Room Temperature[END_REF] . The solid, once treated under H2, became a H2 reservoir and exhibited active sites allowing catalytic activity at low temperature. The catalyst showed interesting results and high performance in OSRE under a low temperature of 60 °C (knowing that the starting temperature was 200 °C). This was explained by the chemical energy produced by the reaction between hydride species stored in the catalyst during pretreatment and oxygen. However, carbon was formed. Playing on the chemical formulation of the catalyst with different Ni/Ce molar ratios, carbon formation and products distribution could be varied [START_REF] Fang | Room temperature hydrogen production from ethanol over CeNixHzOy nano-oxyhydride catalysts[END_REF] . The only way to drastically decrease and even eliminate carbon formation in OSRE was by optimizing the preparation method, allowing to get highly performant catalysts at 50 °C 299 . However, the total elimination of carbon formation required higher starting temperature of 265 °C which led in the meantime to reduce the percentage of hydrogen gas (34 %) in the products distribution.

The catalysts used, in this study, to reform bioethanol into hydrogen are therefore nickel and ceria based. Nickel is an inexpensive metal, and an excellent catalyst for breaking bonds C-C, but unfortunately allows for carbon formation. However, to avoid the formation of carbon it has been reported that a good dispersion of the metal can considerably reduce the carbon formation. We chose to use ceria in our catalysts for better catalytic performance with good stability and high hydrogen selectivity due to mainly to the redox properties of this support.

The use of CeO2 should allow rapid oxygen transfer as well as oxygen renewal of the defective surface. The ceria has a fluorite structure (a relatively open structure allowing easy diffusion oxygen). It is also an ionic oxide of basic character which can be obtained with great specific area with particles the size of the nanometer. The interaction of a polar molecule such as ethanol with the surface of CeO2 can be promoted through a dipole-dipole type bond. This type of interaction is better known as an acid-base interaction, thus forming the species ethoxy and a hydroxyl species 286 .

The objective of this study is to develop highly active and stable catalysts, produce H2 at low temperature, achieve high selectivity to H2 and CO2 without carbon formation while maintaining high ethanol conversion and relate between catalytic performance and chemical properties of the catalyst. To achieve this, CeNix(M0.5)Oy catalysts are prepared by coprecipitation method (See Annex) and doped or not with Al or Zr for this thesis work. The catalysts are treated or not at temperatures between 200-500 °C. All the catalysts prepared are analyzed by different characterization methods. Concerning the catalytic conditions, the flow rate of water-ethanol mixture is fixed at 0.1ml/min and that of nitrogen and oxygen at 60 ml/min. The water/ethanol molar ratio is fixed at 3 and the influence of that of oxygen/ethanol is studied and varied between 1.4-1.7. The temperature of the reactor oven is fixed at 50 °C after starting the reaction at 200 °C.

Chapter II: Oxidative steam reforming of ethanol

Ni and Ce based catalysts are the most attractive and extensively studied systems for oxidative steam reforming of ethanol. In our laboratory, several mixed oxides based on nickel and ceria have been studied in oxidative steam reforming of ethanol (OSRE) leading to interesting results in terms of ethanol conversion, products distribution and stability of the catalytic system [START_REF] Dumeignil | Biomass-derived Platform Molecules Upgrading through Catalytic Processes: Yielding Chemicals and Fuels[END_REF][START_REF] Pirez | Highly Efficient and Stable CeNiHZOY Nano-Oxyhydride Catalyst for H2 Production from Ethanol at Room Temperature[END_REF][START_REF] Fang | Room temperature hydrogen production from ethanol over CeNixHzOy nano-oxyhydride catalysts[END_REF]105 . Zirconium and aluminum are also known for their good physical and chemical properties such as strength, toughness and thermal stability when considering performance in OSRE 187,210,229,300 . In the present study, CeNixOy, CeNixZr0.5Oy and CeNixAl0.5Oy catalysts where x = 0.1, 0.5, 1, 2 or 5 (dried and calcined) are prepared by co-precipitation method (See Annex) and studied in the oxidative steam reforming reaction of ethanol (OSRE). The following chapter studies these catalysts under different conditions in OSRE to analyze the influence of the nickel content, the addition of a dopant, the effect of calcination, pretreatment temperature in H2, mass of catalyst, and oxygen over ethanol ratio. Many researchers have studied the reaction with an H2O/EtOH ratio equal to 3 because it corresponds to the stoichiometry of the ethanol vapor reforming reaction, and this factor will be kept constant. Without precision, the mass of catalyst used is of 30 mg and the reactions are started with an oven temperature of 200 °C that is then immediately decreased and fixed at 50 °C. In all the experiments the liquid flow rate of this mixture is fixed at 0.1 ml/min. The experimental details are given in the Annex.

II.1. Oxidative steam reforming with O2/EtOH ratio = 1.4

In the literature, a low oxygen over ethanol ratio (generally ranging from 0.3 to 0.5) is predominantly used 179, 191, 192, 207, 234, 235, 301-305, . However, at this ratio high reaction temperatures are required. The present study focuses on low temperature OSRE, therefore higher O2/EtOH ratio is used 202 . A ratio of O2/Ethanol of 1.4 is used to test the performances of binary dried and calcined CeNixOy and CeNixZr0.5Oy catalysts in-situ pretreated in hydrogen over night at 250 °C. These catalysts are divided into 2 parts: dried (d) catalysts collected directly after preparation and drying process and calcined (c) catalysts subjected to a calcination at 500 °C for 5 hours in air.

II.1.1 Binary catalysts

Binary catalysts of CeNixOy are studied first in this section.

II.1.1.1 Binary calcined catalysts

The binary catalysts are tested in OSRE conditions at an O2/Ethanol ratio of 1.4 to show their performance in low temperature. Figure 4 represents ethanol conversions and products distribution (%) obtained for the CeNixOy (c) compounds, where x = 0.5, 0.7 and 1, during 5 hours in OSRE. Conversion of O2 not reported is total. In Figure 4-a, a weak performance is observed for CeNi0.5Oy (c) catalyst where this catalyst is only active for around 3 hours under these reaction conditions. The stability of the catalyst during the 3 hours is low with incomplete ethanol conversion of 87 % with unstable values for the main products (H2 and CO2) and the byproducts (CO, CH4 and CH3CHO) distribution. Similarly, for CeNi0.7Oy (c) catalyst shown in However, with CeNi1Oy (c) catalyst (Figure 4-c), no deactivation is observed which is may be related to the higher Ni content in the compound. A more stable and higher conversion of ethanol of almost 98 % is achieved within 5 hours of reaction. Among the products distribution, H2 formed is of about 47 %, CO2 is at around 32 % with 17 % CO, 2.6 % acetaldehyde and 0.7 % CH4. Obviously, the Ni content has a major effect in the ethanol oxidative steam reforming reaction and the increase has main consequence on the catalyst stability in low temperature operation conditions in addition to considerable consequences on the products distribution and ethanol conversion.

In the literature, J. Kugai also observed on a Ni-Rh / CeO2 catalyst an increase in conversion at 300 °C (85 % to 92 %) when the nickel content increased (5 % to 10 % by mass), but with a decrease in the formation of H2 207 . Here, in the used conditions, with an increased Ni content, the catalyst lasts in OSRE without deactivation.

II.1.1.2 Binary dried catalysts

OSRE studied on different CeNixOy (d) catalysts without previous calcination are reported in is compared to the dried sample to show the effect of calcination under these experimental conditions (O2/EtOH = 1.4). The numerical values of the ethanol conversion, products distribution (%) and carbon formation (mg/h.gcatalyst) obtained for the catalyst with and without calcination are represented in Table 1. Carbon formation is highly favored for the CeNi1Oy catalyst after calcination. The amount of carbon produced in OSRE with CeNi1Oy catalyst after calcination is around 13 times greater than those of the dried catalyst. Variations in conversions of ethanol and products distribution are observed as well too along with the calcination process. 

II.1.2 Ternary Zr based compounds

The oxidative steam reforming of ethanol using ternary CeNixZr0.5Oy (where x = 0.5, 1 and 2) catalysts is studied under same reaction conditions as previously reported (with EtOH/H2O/O2/N2 = 1:3:1.4:N2).

II.1.2.1. Calcined Zr compounds

OSRE results obtained for CeNixZr0.5Oy (c) catalysts (where x = 0.5, 1 and 2) are represented in the following section. As shown in Figure 6-a, even with a low nickel content, the catalyst shows much better stability over time in terms of ethanol conversion and products distribution which is so evident in comparison with the binary catalysts used before. The ethanol conversion reaches 89 % using CeNi0.5Zr0.5Oy calcined catalyst with formation of 38 % H2, 33 % CO2, 16

% CO, 11.2 % CH3CHO and 1.3 % CH4. The carbon formation for this catalyst is found at 0 mg/h.gcatalyst). With a higher Ni content catalyst, CeNi1Zr0.5Oy, the ethanol conversion increases to around 94 % during OSRE with 42 % H2, 31.8 % CO2, 18.1 % CO, 6.8 % CH3CHO and 1.4 % CH4 in products distribution (Figure 6-b). It is important to notice here that there is a higher amount of produced carbon of about 34 mg/h.gcatalyst (Table 2). CeNi2Zr0.5Oy represented in Figure 6-c shows still even higher conversion of ethanol around 98 % with higher H2 formation of 52 % in addition to 34.2 % CO2, 10.4 % CO, 1.8 % CH4 and 1.6 % CH3CHO. The carbon formation is of 67 mg/h.gcatalyst so higher compared to the previous catalysts with lower Ni content (Table 2). 

II.1.2.2 Dried Zr compounds

In this part, the dried catalysts of CeNixZr0.5Oy are used to see their efficiency in OSRE. A comparison between dried and calcined catalyst is done along with the effect of Ni content on products distribution and ethanol conversion. Figure 7 shows the results obtained with CeNi1Zr0.5Oy (d) and CeNi2Zr0.5Oy (d) catalysts under OSRE conditions with EtOH/H2O/O2/N2 = 1:3:1.4:N2. Under same conditions CeNi0.5Zr0.5Oy dried catalyst are tested (not represented in the figures) but no conversion was observed in this medium. However, with x equal to 1 and 2, the reaction was functioning normally with a good stability during the 5 hours in OSRE. Taking into consideration now CeNi1Zr0.5Oy (d) catalyst (Figure 7-a), 91 % conversion of ethanol is achieved during 5 hours experiment with 36.9 % H2, 29.3 % CO2, 24 % CO, 8.7 % CH3CHO and 1.1 % CH4 in products distribution. No carbon is obtained under these conditions. Moving to a higher Ni content (Figure 7-b), the conversion of ethanol is much higher of around 97 %.

H2 is of 46.7 % among the products, with 34.8 % of CO2, 14.6 % of CO, 2.7 % of CH3CHO and 1.2 % of CH4. When x equal to 2, the carbon formation is of 77 mg/h.gcatalyst. achieve a great stability overtime. In fact, the calcination process provokes better performance for catalysts at low Ni content. Moving from Ni/Ce ratio of 1 to 2, increases H2 concentration in the products distribution from 37 % to 47 %, while CO decreases from 24 % to 15 % in addition to CH3CHO which decreases from almost 9 % to 3 %. However, no difference is seen for CH4.

(a) (b)

II.1.3. Effect of adding Zr to CeNixOy compounds

In this part, the effect of zirconium addition to the binary compounds is investigated. For this reason, the results of the previous tests done are summarized briefly on the main effects. Using (c). ZrO2 improved catalytic performance with high selectivity to H2 and low selectivity to undesirable by-products based on the reducibility 306 , thermal stability 307 , adsorption promotion and CO oxidation capabilities 306,308 . Zr doping enhances oxygen mobility in ceria lattice allowing for coke gasification. Moreover, Ni-Ce-Zr catalyst has been shown to be stable at low temperature even in methane steam reforming 309 .

Table 3 Effect of Zr addition to CeNixOy compounds in-situ pretreated in H2 at 250 °C and tested in OSRE reaction with EtOH/H2O/O2/N2 = 1:3:1.4:N2 and oven temperature fixed at 50 °C. 

Catalyst

II.1.4. Effect of O2/ethanol ratio on CeNi1Oy catalyst

To investigate the influence of O2/EtOH ratio on the catalytic performance in OSRE, CeNi1Oy binary catalyst is used. A binary catalyst is chosen instead of ternary, since Zr already played an important role in increasing the stability of the catalyst. For this reason, different experiments are conducted with different O2/EtOH ratios of 1.42, 1.56 and 1.7. It is obvious that O2/EtOH ratio has a drastic effect on inhibition of carbon formation as shown in Figure 8. At a ratio of 1.42, the carbon formation is found to be of 274 mg/h.gcatalyst, however; this quantity drops drastically to 185 mg/h.gcatalyst with a slight increase in O2/EtOH ratio (1.56). Moreover, no carbon formation for this catalyst is observed at ratio of 1.7. A slight decrease of H2 from 49 to 45 % in the products distribution is observed by the increase of the oxygen to ethanol ratio from 1.42 to 1.7 in addition to some slight variations in the products distribution of carbon dioxide, carbon monoxide and acetaldehyde. Similar studies performed with different oxygen/ethanol molar ratios: 0.56, 1 and 1.5 show that ethanol conversion increases more rapidly when the O2/EtOH ratio increases. Other studies found in literature also proved the effect of O2/EtOH ratio on OSRE. It has been found that the variation from 0.03 to 0.3 made possible to increase the conversion of ethanol from 62 to 84 % and the hydrogen yield from 15 to 47 % 201 . Previous reports in literature have shown that by feeding mixtures with higher oxygen to ethanol ratio, it was also possible to reduce coke selectivity, improving at the same time hydrogen production, similar to what has been reported in our study 310 . In addition to coke reduction, it has been proved that adding oxygen to the feed can increase the stability of the catalyst [START_REF] Passos | Operando monitoring of metal sites and coke evolution during non-oxidative and oxidative ethanol steam reforming over Ni and NiCu ex-hydrotalcite catalysts[END_REF] .

II.2. OSRE with O2/EtOH ratio = 1.7

In this part, binary and ternary (dried and calcined) catalysts are tested in OSRE with O2/Ethanol ratio = 1.7 since it has been shown previously (in Figure 8) that at this ratio carbon formation can be avoided. To maintain high performances the materials should be able to support high concentration of O2.

II.2.1 Binary catalysts in OSRE

In this section, catalysts based on CeNixOy where x = 0.5, 1, 2 and 5 are studied in OSRE conditions with EtOH/H2O/O2/N2 = 1:3:1.7:N2.

II.2.1.1 Binary dried catalysts in OSRE: Influence of Ni content

Oxidative steam reforming of ethanol is studied in the present work over CeNixOy In literature, under different conditions, studies were performed on Ni embedded catalysts synthesized by co-precipitation method 311 . The results showed that the more Ni embedding and the lower carbon deposits in these nickel and ceria based catalysts exhibited a more stable hydrogen production performance. Weng et al. prepared a series of Ni-substituted pyrochlore oxides of La2Ce2-xNixO7-δ (x = 0.0-0.45) and studied their catalytic performance in OSRE at a temperature of 500 °C and H2O/EtOH ratio of 3 and C/O ratio between 0.4 and 0.7 195 . They revealed that H2 consumption in the TPR and H2 production increases with the increased Ni content, similar to our observations. It was shown that the highest catalytic activity is obtained for the x = 0.45 sample, with a hydrogen selectivity of 80 %.

II.2.1.2 Binary calcined catalysts in OSRE: Influence of Ni content and calcination

Similarly, CeNixOy calcined catalysts where x = 0.5, 1, 2 and 5 are tested in OSRE conditions to investigate the effect of Ni content. Figure 10-a represents the results of CeNi0.5Oy calcined catalyst during 5 hours in OSRE. The conversion of ethanol is of 95.4 % with 35 % H2, 31.9 % CO2, 28.2 % CO, 3.1 % CH3CHO and 1.8 % CH4 as products distribution after 5 h. (Table 5).

It should be noted that all the ethanol conversions, using a O2/ethanol ratio equal to 1.7, are almost total. Moving to higher Ni content (Figure 10-b) with CeNi1Oy calcined catalyst, the hydrogen gas percentage increases up to 36 %. More CO2 (36 %) and CH4 (3.3%) are produced and less CO (22 %) and CH3CHO (2.5 %). At a nickel over cerium ratio of 2 (Figure 10-c), H2

percentage increases (37.5 %). However, other competitive processes are occurring leading to higher formation of CO and CH3CHO instead of CO2 and CH4 (Table 5). With an even higher It is important to remark that carbon formation is avoided in all cases (x = 0.5, 1, 2 and 5) which is a confirmation of the fact that the ratio between oxygen and ethanol is an important factor for carbon formation. A minimum of 67 % of ethanol conversion is reached and a maximum of 85 % is attained using CeNi5Oy calcined catalyst (Table 5). On some catalysts reported in literature, with high Ni/Ce ratios, only slight variations were obtained in products distribution with or without calcination or with calcination on different temperatures. 313 This is similar to our case of binary catalysts. In fact, calcination has been shown to be an important key parameter for avoiding the formation of metallic clusters, by separating the Ni crystals and thereby, metal dispersion and reducibility were enhanced 314 . However, it is not only the calcination that affects OSRE but other factors have to be considered such as for example, reaction temperature, metallic content, or metallic composition.

II.2.1.3. 31 hours run test for CeNixOy catalysts in OSRE with O2/EtOH = 1.7

CeNixOy calcined catalysts:

In fact, many catalysts reported in literature change their performances in OSRE with time. For this reason, it is important when studying the processes occurring in OSRE to reproduce them for a long period of time. Therefore, the CeNixOy calcined catalysts tested before in OSRE at O2/Ethanol ratio equal 1.7 are also tested for 31 hours to not only check their stability but also analyze carbon formation over time. Figure 12 shows the results obtained with these catalysts over time and the results obtained after 31 hours are summarized in Table 6. In general, all the conversions of ethanol and products distribution percentages are the same after 5 hours (Table 5) and after 31 hours ( 12-d). A much higher percentage of hydrogen is formed (47.5 %), a value higher than that obtained with x = 0.5, 1 and 2. This is in confirmation with the fact that the Ni/Ce ratio is an important factor in the OSRE. 36.2 % CO2, 14.9 % CO are formed too in addition to negligible amounts of CH3CHO and CH4 (1 % and 0.4 % each respectively).

CeNi0.5Oy, CeNi1Oy and CeNi5Oy follow the same trend when increasing the Ni content. In the latter, H2 and CO2 percentages increase with the increase of Ni content while CO, CH3CHO

and CH4 are decreasing. However, for CeNi2, a slight difference is observed with higher CO and acetaldehyde formation. 6) compared to those results obtained after only 5 hours (Table 5). A slight deviation of conversion towards lower values is obtained for CeNi0.5Oy catalyst after 31 (Table 6) hours compared to those after 5 hours (Table 5). Regardless of the Ni proportion in the catalyst, no carbon is found. In fact, this could be related to the processes occurring in parallel to OSRE. 

CeNixOy dried catalysts:

Only CeNi1Oy (d) and CeNi5Oy (d) were tested under these conditions in OSRE in this series of dried binary catalysts. The corresponding figures are represented in Figure 14 and the numerical values obtained after 31 hours are represented in CeNi1Oy (d), after the first 5 hours on stream, some carbon was formed (Table 4) showing that with time on stream less carbon is formed. Therefore, the rate of carbon formation varies with time, more carbon is formed at the beginning of the reaction while an amelioration of the system is obtained with time. This could be due to an evolution of the surface of the catalyst and active sites with time. The values of ethanol conversions obtained after 31 hours on calcined binary catalysts (> 98 %, Table 6) are slightly higher than those obtained on dried ones (> 94 %, Table 7). Moreover, the calcined compounds show less by products overtime than those with dried binary catalysts. So, the effect of calcination was not only visible on low Ni content but also when 5 ≥ x > 0.5 on long time on stream. 

II.2.2. Effect of Zr addition to catalysts in OSRE (after pretreatment in H2 at 250 °C)

As previously shown Zr plays an important role in the activity of the catalyst in OSRE reaction.

In the previous part, the effect of addition of Zr was studied with an O2/EtOH ratio of 1.4. In this part, the same parameter is studied but using a higher O2/EtOH ratio of 1.7. The catalysts containing Zr with different Ni/MT ratios were studied in OSRE after in-situ pretreatment of the catalysts in hydrogen at 250 °C.

II.2.2.1 Dried Zr based compounds

Table 8 summarizes all the results performed for these CeNixZr0.5Oz dried catalysts in OSRE.

The main products formed are hydrogen and carbon dioxide in addition to CO, CH4 and CH3CHO. In all these catalysts and under these conditions, no carbon is obtained after 5 hours of reaction. The corresponding schematic representations are presented in the Figure 15. Figure 15-a shows the results obtained with CeNi0.5Zr0.5Oy dried catalyst. At 200 °C, the reaction could not be started (no conversion) and so the temperature of the oven was raised till 250 °C. After activation of the reaction, the oven was fixed back at 50 °C. When comparing to binary compounds (Table 4), Zr addition shifts the by-products to lower values and thus increasing the percentages of H2 and CO2 in products distribution. The same trend is followed when considering the conversion of ethanol which is almost total with CeNi2Zr0.5Oy (d) and CeNi5Zr0.5Oy (d) unlike CeNi2Oy (d) and CeNi5Oy (d). 

II.2.2.2. Calcined Zr based compounds

To see the effect of calcination on the Zr ternary compounds, CeNixZr0.5Oy catalysts with different Ni/Ce ratios were used where x= 0.5, 1, 2, and 5. The results of each experiment are represented in Figure 16 that will be explained later with the effect of calcination. Table 9 summarizes all the results after 5 hours in OSRE. As reported in the table, no carbon is formed after 5 hours of experiment on all these catalysts, as already observed with the dried catalysts.

All the ethanol conversions are almost complete (≥ 97 %).

Figure 16-a is a representation of the catalytic results obtained with the calcined catalyst of CeNi0.5Zr0.5Oy. The catalyst has very good stability with time in terms of conversion of ethanol and the products distribution. Conversion of ethanol reaches 97 % after activation of the catalyst leading to 37.6 % H2, 29.8 % CO2, 28.5 % CO, 1.6 % CH4 and 2.5 % CH3CHO. Unlike the CeZr0.5Ni0.5Oy dried catalyst, the calcined one could be started at 200 °C and there is no need to raise the temperature to 250 °C. Moreover, the formations of hydrogen and CO2 are much higher than those on the dried catalysts with much lower concentrations of CO and CH3CHO.

Increasing the nickel content, using CeNi1Zr0.5Oy calcined catalyst shown in Figure 16-b, the hydrogen percentage in products distribution increases up till 41.7 % with an increase in CO2 percentage too (34.4 %). On another hand, other by products decrease in percentage as following: 22.2 % CO, 0.9 % CH4 and 0.8 % CH3CHO. Comparing this catalyst to the dried one (Table 8), the calcined catalyst produces higher percentage of CO2 and lower percentages of CO, CH4 and CH3CHO. This is in coherence with the results obtained on the CeNi0.5Zr0.5Oy catalyst for which calcination has shown an important effect on the performance of the catalyst.

Using the calcined catalyst CeNi2Zr0.5Oy even better hydrogen levels are obtained (Figure 16c). A percentage of 45.1 % H2 is reported with 36.5 % CO2 in products distribution leading to lower amounts of CO (17.4 %), CH4 (0.6 %) and CH3CHO (0.4 %). Same effect is deducted here on calcination in comparison to the dried catalyst with the same formula (Table 8), where the percentages of produced CH4 and CH3CHO decreased after calcination. No clear differences are noticed on the distribution of H2, CO2 and CO at this Ni/Ce ratio. With a nickel over cerium ratio of 5 (Figure 16-d), a complete conversion of ethanol is achieved with 51.6 % H2 and 38.3 % CO2 (the highest percentage among all catalysts). CH3CHO is eliminated and trace amounts of CH4 is formed (0.3 %). In addition to that much lower percentage of CO is reached (9.8 %) (Table 9) in comparison to all the previous catalysts. Therefore, the calcined CeNi5Zr0.5Oy catalyst shows more promising results that those of the dried ones in terms of higher H2 and CO2 percentages and lower CO, CH4 and elimination of CH3CHO. When comparing the results reported in Tables 9 and8, calcination plays a beneficial role in the distribution of products mainly in decreasing the amounts of byproducts obtained (CO, CH3CHO and CH4) and thus shifting the distribution to higher percentages of hydrogen and carbon dioxide. On this series of catalysts, the best results are obtained on the CeNi5Zr0.5Oy calcined catalyst with 100 % of ethanol converted and close to 52 % of hydrogen among the formed products with 38 % of CO2 and 10 % CO.

II.2.3. 31 hours test on Zr based calcined compounds

The stabilities of the calcined Zr based catalysts are tested during 31 hours using same conditions. The results of the different in-situ pretreated in H2 at 250 °C CeNixZr0.5Oy (c) catalysts where x = 0.5, 1, 2, and 5 are represented in Figure 17. The corresponding numerical values of ethanol conversion and products distribution are shown in Table 10.

Starting with the catalyst with the low Ni value, CeNi0.5Zr0.5Oy (c), the conversion of ethanol is almost total (96.8 %) and the main products correspond to 42 % of H2 and 29.9 % of CO2.

Therefore, not only a good stability is observed, but also an amelioration in formation of the desired gaseous products, but some carbon is formed (0. The amount of carbon obtained is negligible after 31 hours, in general, for all the Zr based calcined catalysts. Only some carbon is obtained using the lowest Ni content catalysts such as CeNi1Zr0.5Oy (c) catalyst (10 mg/h.gcatalyst). However, it seems that this amount is few enough to not allow the blockage of the active sites of the catalyst and thus the deactivation. The best catalyst used under these conditions is CeNi5Zr0.5Oy (c) where 100 % conversion of ethanol is reached with the highest values obtained for H2 and CO2 in products distribution (51.6 % and 38.3 % respectively). The only by-products obtained are CO which is obtained with a low value of 10 % and CH4 in very low amount (at 0.3 %).

Comparing the values obtained after 31 hours in OSRE before doping (Table 6) and after doping the catalyst with Zr (Table 10), the promoting effect of Zr on the activity of the catalyst becomes visible. The conversions of ethanol increase and become 100 % (when x > 0.5) after doping with Zr. Adding Zr, the compounds become more selective to H2 (38 % compared to 37 %, and 52 % compared to 48 % when x = 1 and 5, respectively) and CO2 (39 % compared to 31 %, and 38 % compared to 34 % when x = 1 and 5, respectively), while maintaining absence of carbon formation for the highest Ni content catalyst. 

II.2.4. Effect of Ni/MT ratio and doping

To analyze more easily and deeply the effects of Ni/MT ratio (Ni proportion among the metals in the compound) and doping on catalytic performance in H2 production, all the previous results obtained under EtOH/H2O/O2/N2 = 1:3:1.7: N2 (5 hours) are grouped together as shown in 11. Figure 18 The effect of Ni/MT ratio on ethanol conversion, products distribution and carbon formation using CeNixZr0.5Oy and CeNixOy calcined and dried catalysts pretreated previously in H2 at 250 °C. Conversion of O2 not reported is total (EtOH/H2O/O2/N2 = 1:3:1.7:N2). Results are reported after 5 hours in OSRE. Binary catalysts are placed in red columns.

Figure 19 The effect of Ni/MT ratio on ethanol conversion, products distribution and carbon formation using CeNixZr0.5Oy and CeNixOy calcined catalysts in-situ pretreated previously in H2 at 250 °C. Conversion of O2 not reported is total (EtOH/H2O/O2/N2 = 1:3:1.7:N2). Results are reported after 31 hours in OSRE. In general, all the catalysts presented before exhibit a very good catalytic activity in OSRE under the following conditions: EtOH/H2O/O2/N2 = 1:3:1.7:N2. The presence of oxygen in the gas feed has already been reported as beneficial to improve the reactions selectivity and thus increase hydrogen yields 218 . However, the excess of this oxygen ratio can decrease the selectivity to hydrogen. Moreover, as the rare earth oxides (CeO2 or ZrO2) possess a high redox ability and an oxygen storage capacity that allow the oxidation of the deposited coke on the surface of the catalyst, it can also explain the absence of carbon formation. It has been proposed that these types of materials improve the reducibility of the catalytic system and thus increase the activity in the reforming processes 217. In fact, at this temperature and at this O2/EtOH ratio, only few studies have been reported in oxidative steam reforming 96, 97 , 238 Here, the oven temperature is fixed at 50 °C, however the reaction temperature measured at the level of the catalysts lies in this range (Table 12). Ni-Co/ZnO-Al2O3 allowed total conversion of ethanol with a H2 selectivity at about 50 % when feeding a mixture of EtOH/H2O/O2/N2 = 1/3/0.4/1.2. Some CoZn2.4Al1.9 ex-hydrotalcite mixed oxides were used under EtOH/H2O/O2/ N2 = 1/2.28/0.36/N2 ratio and a total flow of 120 ml/min to obtain total conversion of ethanol with a H2 formation around 60 mol % at 575 °C. La0.9Ce0.1NiO3 perovskite-type oxide (performing at EtOH/H2O/O2/N2 = 2.5/7.5/1.25/88.75 ratio) gave almost same conversion and product distribution of hydrogen but at 500 °C 212. Therefore, the present catalysts show high performance for OSRE reaction while using high concentration of ethanol (14 %), low mass of catalyst and in particular with an oven fixed at room temperature.

II.2.5. Effect of in-situ pretreatment in H2

To study the effect of pretreatment in H2 on OSRE process, CeNi2Zr0.5Oy catalyst is chosen as an intermediate between low and high Ni content. The catalyst is pretreated over night at different temperatures (200, 250, 400 or 500 °C) or not pretreated at all. Figure 20 shows that the pretreatment in H2 has a drastic effect. Without pretreatment in H2, the reaction doesn't start at 200 °C and it requires a temperature of 250 °C to get activated and to obtain total conversions.

Moreover, without pretreatment a much higher carbon formation is observed with 163 mg/hg.

Concerning the gas phase products obtained when the reaction is started at 250 °C, 45 % of H2, 37 % of CO2, 17 % of CO, 0.6 % of CH4 and 0.4 % of acetaldehyde are obtained. In the cases where the catalyst is pretreated in H2, no carbon formation is observed at all. The conversions are always almost total, and close results are obtained on almost all products formed. H2 formation varying between 45 % and 51 %, CO2 between 36 % and 38 %, CO between 10 and 18 %, while the sum of CH4 and acetaldehyde is lower than 1 %. Therefore, there is only a variation in CO formation when varying the pretreatment in H2 between 200 °C and 500 °C.

So, as a general estimation, a pretreatment in H2 at 200 °C and 250 °C could be the optimal pretreatment temperatures to be used at the level of conversions (total), products distribution (49 % of H2, 38 % of CO2, 12 % of CO, and less than 1 % of CH4 and acetaldehyde) and energy consumption. As there is a little difference of 50 °C between these 2 pretreatment temperatures, it is important to check the variations in OSRE occurring also at 200 °C 

II.3. OSRE with pretreatment in hydrogen at a temperature of 200 °C

As just seen before on CeNi2Zr0.5Oy calcined catalyst, a pretreatment temperature of 200 °C could be considered as optimal. For this reason, the other calcined and dried CeNixZr0.5Oy catalysts of the same series are tested in same conditions. The results below are divided into 2 parts: the calcined and the dried Zr based catalysts.

II.3.1. Zr based calcined compounds

The calcined compounds of CeNixZr0.5Oy series are tested in OSRE conditions (EtOH/H2O/O2/N2 = 1:3:1.7:N2) after previous in-situ pretreatment in hydrogen at 200 °C.

Table 13 shows the values of ethanol conversions and products distributions obtained on these catalysts after 5 hours experiment. Figure 21 shows the graphs obtained for ethanol conversions and products distributions in percentages for each of these catalysts. Figure 21-a shows the results obtained with CeNi0.5Zr0.5Oy calcined catalyst, the obtained conversion and products distribution are stable over time. 96.8 % conversion of ethanol is achieved under these conditions. The products are distributed as follows: 40 % H2, 30 % CO2, 26.1 % CO, 1.2 % CH4 and 2.1 % CH3CHO. No solid carbon is formed during this process. With a pretreatment temperature of 200 °C, this catalyst exhibits higher percentages of hydrogen and CO2 (Table 13) than those at 250 °C (Table 9) where these ratios were at 37.6 % and 29.8 %. CO, CH4 and CH3CHO were higher in percentage when this catalyst was pretreated at 250 °C (Table 9).

Similarly, CeNi1Zr0.5Oy calcined catalyst (Figure 21 Almost very similar results were obtained with a pretreatment temperature of 250 °C (Table 9)

in terms of ethanol conversion and products distribution. At this higher nickel content, a difference of 50 °C in pretreatment temperature is no more noticeable and only slight variations of around 1 % are observed. On all the studied series of calcined catalysts, no carbon is collected after 5 hours (Table 13).

The conversion of ethanol is the same when pretreating the catalysts (CeNixZr0.5Oy calcined) at 250 °C or 200 °C. CeNi2Zr0.5Oy and CeNi0.5Zr0.5Oy calcined catalysts show better activity, in terms of higher percentage of H2 and CO2 and lower percentages of by-products, when pretreated at 200 °C compared to 250 °C. However, for CeNi1Zr0.5Oy and CeNi5Zr0.5Oy

hydrogen percentage is the same using both pretreatment temperatures. Only slight variations are induced on the by-products. 

II.3.2. Zr based dried compounds

In this part, the dried compounds of CeNixZr0.5Oy are studied after a pretreatment in H2 at 200

°C and compared to the previous results obtained with a pretreatment of 250 °C. Table 14 summarizes the results obtained after 5 hours experiment in OSRE. A very good stability is obtained on the catalysts in terms of conversion of ethanol and distribution of products (Figure 21). Similar to the values obtained at pretreatment of 250 °C (Table 8), no carbon is collected after 5 hours of experiment ( 22-b), the conversion of ethanol reaches 97 % and is higher than that on the pretreated at 250 °C compound (91 %) shown in Table 14. The products are distributed as follows: 41.8 % H2, 29.1 % CO2, 26.6 % CO, 1.2 % CH4 and 1.3 % CH3CHO. With this Ni content and with a pretreatment temperature of 250 °C, the percentages of products tend to be slightly higher (around 2 %). Similar to the CeNi0.5Zr0.5Oy dried catalyst, no great difference in products distribution is obtained by decreasing the pretreatment temperature by 50 °C even higher conversion of ethanol is obtained.

Figure 22-c describes the results obtained with CeNi2Zr0.5Oy dried catalyst and complete conversion is obtained under these conditions (99.6 %) with 47.9 % H2, 36.9 % CO2, 14.7 % CO and trace amounts of CH4 and CH3CHO (0.4 % and 0.1 % respectively). The values of H2 and CO2 percentages are higher than those obtained with a pretreatment temperature of 250 °C (2% difference). As a consequence, lower percentages of undesired products are obtained with a pretreatment temperature of 200 °C on CeNi5Zr0.5Oy dried catalyst. The other products are distributed as follows: 6.9 % CO, 0.9 % CH4 and 0.5 % CH3CHO. In comparison to the experiment done at a pretreatment temperature of 250 °C, these conditions gave higher production of hydrogen and CO2 with only 8 % undesired products. For comparison, at a pretreatment temperature of 250 °C, around 15 % of undesired products were obtained. Thus, 7 % of byproducts are diminished when pretreating the CeNi5Zr0.5Oy dried catalyst at 200 °C.

Finally, it can be noticed that at a pretreatment temperature of 200 °C, all the dried catalysts in this series (except CeNi1Zr0.5Oy dried which showed slightly lower H2 and CO2 percentages)

have better distribution of products in terms of higher hydrogen and carbon dioxide percentages.

In general, at both pretreatment temperatures 250 °C and 200 °C, all catalysts show very good catalytic performance in OSRE. 

II.3.3. 31 hours test on Zr based calcined compounds

Several papers existing in literature report the activity, selectivity and stability of Ni based catalysts over time in OSRE 189,190,[START_REF] Muñoz | Promoter effect of Ce and Pr on the catalytic stability of the Ni-Co system for the oxidative steam reforming of ethanol[END_REF][316][317] . Based on the previous tests showing the good activities in OSRE after 5 hours of CeNixZr0.5Oy (c) previously pretreated in H2 at 200 °C, it is interesting to perform long test runs of 31 hours. The results of ethanol conversion and products distribution are shown in Figure 23 and Table 15). It is clear that the conversion of ethanol is complete in all the cases of x. Based on the graphs of Figure 23, the conversion of ethanol and products distribution are stable overtime for all the CeNixZr0.5Oy (c). During the first 2 hours in OSRE, the temperature of the oven stabilizes at 50 °C and thus the main variations lye in the first 1 or 2 hours of the reaction. However, analyzing deeply into the table, some slight variations take place compared to the results obtained in the 5 hours. Globally, when x increases, ethanol conversion and H2 and CO2 formations increase, while the by-products decrease, in particular CO (from 20 % down to 10 %) while CH4 and acetaldehyde are lower or equal to 1 % (Table 15). When comparing the 31 hours test (Table 15) to 5 hours test (Table 12), H2 percentage in products distribution increases from 41 % to 46 % and from 42 % to 48 % on CeNi0.5Zr0.5Oy (c) and CeNi1Zr0.5Oy (c), respectively. Moreover, on the same catalysts, the percentages of CO and CH3CHO drop after 31 hours compared to the results obtained after 5 hours (Table 13). On the contrast, a slight decrease in H2 products distribution is followed by the long time on stream with CeNi2Zr0.5Oy (c) in addition to the increase in CO and CH3CHO %.

However, regardless of this slight decrease the results are still considered in the range of stability and mainly satisfactory. Few amounts of carbon are found only on CeNi2Zr0.5Oy (c).

CeNi5Zr0. pretreatment in H2 at 200 °C. However, one can remark that the results obtained on the dried and calcined CeNi5Zr0.5Oy compounds are relatively small, while the dried compound requires much less energy to be prepared. 

II.3.5. Effect of mass of catalyst

To study the effect of mass of catalyst on the OSRE process, 2 different masses (30 mg and 60 mg) are used to test CeNi2Zr0.5Oy (c) and CeNi5Zr0.5Oy (c) under the same conditions as before but during 31 hours (with a previous pretreatment of these catalysts in hydrogen at 200 °C).

Figure 25 shows the progression of the different products and that of ethanol over time for CeNi2Zr0.5Oy (c) with 30 mg (-a) and 60 mg (-b). The corresponding numerical values after 31 hours on stream are represented in Table 17 . The conversions of ethanol are always complete

no matter what the mass of catalyst used is. Increasing the mass of catalyst from 30 mg to 60 mg is responsible for the high amounts of carbon produced at the end of the process. On the contrary, CO percentage in products distribution drop while using 60 mg of the catalyst which can be seen as an advantage. The same effect is observed on CeNi5Zr0.5Oy (c) (Table 18 and Figure 26) where an increase of the mass of the catalyst leads to the formation of 9.2 mg/h.gcatalyst. Moreover, the percentage of H2 in products distribution drops from 50 to 45 %.

On the other side, the percentage of CO drops by 4 %.

To finally conclude, increasing the mass of the catalyst is not the best option to optimize the OSRE process. It is shown that this only leads to the formation of more carbon which could later block the activity of the catalyst with time.

(a) (b) 

II.4. OSRE on Al based compounds

In this part Zr is substituted by Al to see the effect of doping with this element on OSRE results under same conditions. Al has been previously studied in literature and previous works in our lab. It is interesting to check its performance in OSRE with these ratios: EtOH/H2O/O2/N2 = 1:3:1.7: N2 as they have already shown better performances than other ratios used on the binary catalysts. Only calcined compounds of CeNixAl0.5Oy where x = 0.5, 1 and 2 are studied. These compounds are tested after in-situ pretreatment in H2 at 250 °C and also 300 °C.

II.4.1 OSRE on Al based compounds pretreated in H2 at 250 °C

In this section the catalysts were previously pretreated in H2 at 250 °C. Same as previously, the reaction is started with an oven temperature of 200 °C and then it is decreased and fixed at 50

°C when the reaction is stabilized. Figure 27 reports the results versus time, Table 19 summarizes all the results for this series of catalysts illustrating the evolutions of products distribution and conversion of ethanol after 5 hours in OSRE. During the first hour of OSRE with CeNi0.5Al0.5Oy calcined catalyst (Figure 27-a), the conversion of ethanol is around 95 %.

However, this value drops down to 83 % as soon as the temperature of the oven started to stabilize (knowing that the reaction is started at 200 °C and then fixed at 50 ˚C). The ethanol conversion remains stable during the rest 4 hours of OSRE. This trend is also followed by the products that also remains stable for the other 4 hours of experiment. The percentage of hydrogen and CO2 reach 34.9 % and 37.2 % respectively. 20.9 % CO is produced in addition with 6.1 % acetaldehyde and trace amounts of CH4 (0.9 %). No carbon formation is observed after the test. At Ni/Ce ratio of 1 (CeNi1Al0.5Oy, Figure 27-b) the conversion of ethanol and products distribution are not affected by the change of temperature at the beginning of the test.

The conversion of ethanol remained stable at about 97 %. This value is higher than that obtained with the CeNi0.5Al0.5Oy calcined catalyst (Figure 27-a), The percentage of hydrogen reaches 42.7 % during 5 hours experiment higher than that produced with a Ni ratio of 0.5. The other products are distributed as follows: 38.6 % CO2, 15.4 % CO, 2.1 % CH3CHO and 1.2 % CH4 (Table 19). However, after 5 hours experiment 24 mg/h.gcatalyst of carbon are collected which is still not a high value. On CeNi2Al0.5Oy compound (Figure 27-c 

III.4.2. OSRE on Al based compounds pretreated in H2 at 300˚C

In this part, CeNixAl0.5Oy (c) catalysts are studied in OSRE after pretreating them in H2 at 300 °C overnight. Table 20 and Figure 28 summarize the results obtained on this series of calcined Al based catalysts. All the catalysts discussed in this part show no formation of carbon after 5

hours. Figure 28-a shows the results obtained on CeNi0.5Al0.5Oy (c). At the beginning of the experiment (during the first half hour), the conversion is almost complete and then it starts to decrease to reach 82 % after 1 hour, when the reaction temperature stabilizes (the time between temperature stabilization when switching the oven temperature from 200 °C to 50 °C). This conversion is almost the same with the one obtained when pretreating the catalyst at 250 °C.

Regarding the products distribution, they are definitely affected by the change of treatment temperature. The percentages of products after 5 hours in OSRE are as follows: 32.8 % H2, 38.2 % CO2, 22.2 % CO, 1.5 % CH4 and 5.3 % CH3CHO. At pretreatment temperature of 250 °C, a higher H2 percentage is obtained (34.9 %) with lower CH4 (0.9 %) and CO (20.9 %) (Table 19).

However, a slight decrease of acetaldehyde percentage is observed by changing the pretreatment temperature from 250 °C (6.1 %) to 300 °C (5.3 %). Finally, it can be said that a pretreatment temperature of 300 °C is better when considering high

Ni/Ce ratios (2). However, at a lower Ni/Ce ratio (0.5 and 1), 250 °C is a better choice. Among the 2 series of experiments (at 250 and 300 °C), the best performance is attributed to the CeNi2Al0.5Oy (c) catalyst pretreated in H2 at 300 °C in terms of higher main products and lower by products.

II.5. OSRE without pretreatment of the catalyst

It has been previously shown that pretreatment is an important step in OSRE process as well as the choice of the pretreatment temperature is important in order to obtain an active and selective compound. This process takes time, consumes gases and requires some energy even if it is still low at 200 °C or 250 °C. The lack of this pretreatment might result in carbon formation, low selectivity for the catalyst and most of all catalysts could require temperatures higher than 200 °C to start. Nevertheless, it is interesting to investigate the resulting values obtained for ethanol conversion and products distribution for catalysts without previous pretreatment in hydrogen.

For this reason, CeNixOy (c) and CeNixZr0.5Oy (c & d) catalysts are selected to see their performance in OSRE without pretreatment and to estimate the minimum temperature required for each catalyst to be able to perform in OSRE under these conditions of EtOH/H2O/O2/N2 = 1:3:1.7: N2. The results are presented in the next section.

II.5.1. CeNixOy (c) catalysts without pretreatment in H2

Figure 29 and Table 21 represent the results obtained with CeNixOy (c) in OSRE without previous pretreatment in hydrogen. Without pretreatment, the test cannot be started at 200 °C (as previously mentioned). The test can be started (conversion is observed) when the temperature of the catalyst reaches 250 °C. After this activation, the temperature of the oven is reduced to 50 °C. The results reported in the following part are therefore obtained in a different procedure compared to what has been reported previously in Table 5. The conversion of ethanol is between 97 and 98% in all the cases with x equal to 0.5, 1, 2 or 5. CeNi0.5Oy (c) gives around % H2, 33.4 % CO2, 18.9 % CO, 1.9 % CH4 and 1.1 % CH3CHO. Yet with CeNi2Oy (c) and even if this nickel content is still higher than the two previous catalysts mentioned, the percentages of the main products drop (34% H2 and 34% CO2) giving rise to more by products (24.6 % CO, 3.5 % CH4 and 2.9 % CH3CHO). CeNi5Oy (c), the catalyst with the highest nickel content, gave the best catalytic results in this series and under these conditions. Using this catalyst, around 40 % H2 and 36 % CO2 are obtained in products distribution with 12 % CO, 0.6 % CH4 and 1.7 % CH3CHO. But, at this high ratio, 14 mg/h.gcatalyst of carbon are produced. It can be recalled that when pretreating CeNi5Oy (c) catalyst in H2 at 250 °C (Table 5), no carbon is reported even after 31 hours in OSRE ( 

II.5.2 CeNixZr0.5Oy (c) catalysts without pretreatment in H2

In this part, the results corresponding to CeNixZr0.5Oy (c) without pretreatment are presented.

Complete conversion is almost achieved on all the CeNixZr0.5Oy (c) catalysts where x = 0.5, 1, 2 and 5 (Figure 30 and Table 22). The conversions can be observed only when the temperature is raised to 250 °C (the minimal temperature required for the activation of OSRE without pretreatment in H2). During the 5 hours process in OSRE, the conversion of ethanol and the stability of products remain constant Figure 30. Globally, the percentage of hydrogen in products distribution increases with the increase in Ni content (Table 22). With CeNi0.5Zr0.5Oy (c), the products distribution obtained is as follows: 43 % H2, 32 % CO2, 23 % CO and 1.4 % CH3CHO. The H2 and CO2 percentages become even higher (48 % and 34 %, respectively) while CO, CH4 and CH3CHO percentages (17 %, 0.7 % and 0.4 %, respectively) becomes less using the catalyst CeNi1Zr0.5Oy (c). With CeNi2Zr0.5Oy (c), 47 % H2 are obtained in products distribution, a value which is almost similar to that obtained with CeNi1Zr0.5Oy (c).

However, the CO2 percentage obtained is higher (43 %), and CO and CH3CHO percentages are lower (7 % and 0.2 % respectively). Finally, using CeNi5Zr0.5Oy (c) in OSRE without pretreatment gives the most promising results among this series in terms of hydrogen formation.

The total conversion of ethanol reached by this catalysis leads to the formation of 52 % H2, 37 % CO2, 11 % CO and trace amounts of CH4 and CH3CHO (0.2 and 0.1 %). The conversion of ethanol and the products distribution on CeNi5Zr0.5Oy (c) are always the same regardless of the presence (200 °C or 250 °C) or absence of pretreatment in hydrogen. However, for the other catalysts with different Ni contents, the values of ethanol conversions remain the same with slight deviations in products distribution when they are started without pretreatment in hydrogen. Concerning the hydrogen percentage obtained with calcined Zr catalysts with x = 0.5, 1 and 2, it is higher than those obtained when pretreating with a temperature of 200 °C or 250 °C. The percentages of CO obtained after 5 hours are less than those obtained previously with a pretreatment temperature of 200 °C or 250 °C. CeNi1Zr0.5Oy (c) produces 19 mg/h.gcatalyst of carbon and CeNi2Zr0.5Oy (c) produces a much higher quantity of 163 mg/h.gcatalyst of carbon.

Although, on these catalysts, the products distribution is better, this high amount of carbon is not advantageous with time. Finally, it can be concluded that CeNi0.5Zr0.5Oy (c) performs better when it is used without previous pretreatment in hydrogen since it gives better distribution for the products with zero carbon formation. CeNi5Zr0.5Oy (c) is still the best among these catalysts performing without pretreatment in hydrogen. were performed under catalysts and certain conditions to obtain the lowest activation temperature that they could reach (300 ο C). However, in that study, to achieve 100 % ethanol conversion, it was necessary to raise the activation temperature until 700 ο C.

II.5.3. CeNixZr0.5Oy (d) catalysts without pretreatment in H2

The results obtained on CeNixZr0.5Oy (d) catalysts without previous pretreatment in hydrogen are presented in Figure 31 and Table 23. It is important to mention here that the catalysts cannot be started (no conversion observed) at a temperature of 200 °C and not even at 250 °C (the temperature at which the calcined catalysts without pretreatment are started), however, they can be started when the temperature reaches 280 °C. Generally, all the following graphs from a to d show great stability over time for conversion of ethanol, and products distribution (H2, CO2, CO, CH4 and CH3CHO In fact, under these conditions, CH4 percentage is almost negligible for x = 1, 2 and 5. Moreover, CO concentration obtained is lower on catalysts where x = 1, 2 and 5 when no pretreatment is done. As a conclusion, pretreatment is required when x = 0.5 to get higher concentrations of H2 and CO2. Under these conditions, catalysts with x = 2 and 5 are considered the best. 

II.5.4. Effect of Ni/MT ratio on calcined catalysts without pretreatment in H2

A seen before on catalysts pretreated in hydrogen at 250 °C, the Ni/MT ratio plays an important role in OSRE such that with the increase in Ni content, the main products increase and that of byproducts decrease. To check if this trend is valid when no pretreatment is performed on the binary and ternary (Zr) catalysts, Figure 33 summarizes the effect of Ni/MT ratio on the conversion of ethanol, products distribution and carbon formation in OSRE. When no pretreatment is applied on the catalysts, globally the same trend as before can be seen on the gas phase products variation versus Ni/MT ratio, but with some discrepancies (H2 between 40 and 50 %, CO2 at about 30 %, CO varying between 20 and 10 %). However, it can be remarked that here binary and ternary catalysts are reported together. The main discrepancy is observed on carbon formation. The obtained results evidence that the main effect observed can be attributed to the Ni content, as globally on all the series of catalysts, the expected products (H2 and CO2) are favored on high Ni content compounds. Finally, clearly, the CeNi5Zr0.5Oy (c) catalyst presents the best performance among all other catalysts with different Ni/Ce whether doped with Zr or not, and without pretreatment in H2. This dried catalyst shows good performance in OSRE when used without previous pretreatment in hydrogen. For, this reason it is also selected to check its efficiency over time. The test is started at an oven temperature of 280 °C since 200 °C is not enough to activate the catalyst which has not been treated before in hydrogen. The conversion of ethanol remains complete over the 80 hours in OSRE (Figure 35). Similarly, the hydrogen percentage in products distribution remains constant at 50 %. A slight deviation of 2 % in CO2 is observed at the beginning of the test and after 80 hours. After 80 hours, the percentage of CO2 in products distribution is reported as 34 %. Trace amounts of CH3CHO and CH4 are recorded (0.2 % and 0.5 % respectively). Moreover, it is important to declare that no carbon is reported at the end of the process.

Finally, the last catalyst chosen for a long test run of 80 hours is CeNi2Al0.5Oy calcined presented in Figure 36. This catalyst is pretreated in hydrogen at 300 °C. The results obtained are very stable over time. 100 % conversion of ethanol is achieved with the formation of the following products: 43.9 % H2, 34.7 % CO2, 18.8 % CO, 1.3 % CH3CHO and 1.3 % CH4. 

Conclusion

The oxidative steam reforming of ethanol (OSRE) is studied on catalysts based on nickel and cerium (CeNixOy with 0.5  x  5), dried and calcined, and doped with another element, mainly aluminum or zirconium (CeNixM0.5 Oy, with 0. The main effect obtained is on carbon formation such that a little change in this ratio (from 1.4 to 1.56 to 1.7) allows the carbon amounts to drop from 274 mg/h.gcatalyst to 185 mg/h.gcatalyst and finally to 0 mg/h.gcatalyst respectively after 5 hours in OSRE. This change does not affect the conversion of ethanol as it is already complete, on the other hand, it gives some variations in the products distribution.

The O2/EtOH ratio is then fixed at 1.7 to minimize the carbon formation and the study is performed on CeNixOy and CeNixZr0.5Oy dried and calcined catalysts where x = 0.5, 1, 2 and 5.

Under these conditions, almost total ethanol conversions are obtained in all the series of catalysts. Considering binary dried compounds, acetaldehyde level is decreasing with the increase in nickel content. The optimal OSRE results are obtained with the catalyst with highest Ni content, CeNi5Oy (d), where an ethanol conversion of 94 % is achieved with formation of 49 % H2, 34 % CO2 and 15 % CO. Similar results are obtained on CeNi5Oy (c) which are also considered the best among the calcined binary series. The study on CeNixZr0.5Oy dried catalysts shows different abilities for hydrogen production starting with 30 % in products distribution with x = 0.5 till 47.9 % when x = 5. Main products percentages increase with the increase in nickel content while CO and CH4 decrease. Same trend is investigated on the calcined zirconium-based catalysts and shows even more promising results. 100 % conversion of ethanol is obtained when testing CeNi5Zr0.5Oy (c) as well as higher hydrogen percentage is obtained (52 %) among all other binary and ternary catalysts. Moreover, the only by product is CO which is obtained with a low value of 10 %. In general, the calcination of the compounds shows a beneficial effect in terms of good distribution of products and minimizing CO, CH3CHO and CH4. The experiments performed on calcined catalysts are then reproduced after 31 hours to check their stability over time as a first approach and show great constancy. These catalysts preparations and the used reaction conditions allow the elimination of carbon formation after 5 hours. Similarly, no carbon is formed after 31 hours in stream, except for CeNi1Zr0.5Oy (c), however, it is low enough not to cause any deactivation of the catalyst.

The effect of pretreatment in hydrogen is also investigated on CeNi2Zr0.5Oy (c) under the same experimental conditions. The temperatures of pretreatment are chosen based on the TPR profiles since the main approach is to obtain partially reduced compounds. The results show that without pretreatment in H2 of the compound, the activation temperature of the catalyst (temperature at which reaction starts) must be raised till 250 °C instead of 200 °C in addition to some carbon formation. With in-situ pretreatment in H2 at 200 °C, 250 °C, 400 °C or 500 °C, only slight variations are obtained in products distribution and in none of them carbon is recorded, on the studied compound. As the objective of this study is to minimize the energetic consumption, some further studies are conducted with a low pretreatment temperature in hydrogen of 200 °C and without pretreatment in hydrogen at all.

To this purpose, the zirconium-based catalysts with x = 0.5, 1, 2 and 5 are chosen to be studied with a pretreatment in hydrogen at a temperature of 200 °C. When x ≤ 2, better results are obtained with pretreatment temperature of 200 °C than that of 250 °C in terms of products distribution in the calcined series. However, at a higher Ni content (x = 5), this difference is no more noticeable and only slight variations are obtained with this little change in temperature.

Conversion of ethanol is at 97 % with x = 0.5 and approaches 100% when Ni content increases to x = 5. In fact, the same trend is observed concerning Ni content, ethanol conversion and products distribution. Similar results are obtained on the dried catalysts after pretreatment in H2 at 200 °C. CeNi5Zr0.5Oy (d) gives the best results among the dried series. 100% ethanol conversion is obtained using this catalyst with 51 % H2, 41 % CO2, 7 % CO and almost 1 % of CH4 and 0.5 % of CH3CHO in products distribution. Calcination allows to get better catalytic results on catalysts with low Ni content however with higher nickel content, no evident variation is observed. The stability of these compounds is also analyzed under same conditions but during 31 hours and proves great steadiness. Even after 31 hours, no carbon formation is measured, except with CeNi2Zr0.5Oy (dried and calcined). This is only evident after 31 hours and not after 5 hours, however, this amount does not exceed 12 mg/h.gcatalyst.

The influence of mass of catalyst is investigated on CeNi2Zr0.5Oy and CeNi5Zr0.5Oy calcined catalysts and reveals that an increase of mass from 30 mg to 60 mg leads to the formation of more carbon. The amount of carbon formed increases from 16 to 68 mg/h.gcatalyst with CeNi2Zr0.5Oy (c) and from 0 to 9.2 mg/h.gcatalyst with CeNi5Zr0.5Oy (c), when doubling the mass of catalyst

The influence of doping the catalyst with Al instead of Zr is also studied under same experimental conditions (EtOH/H2O/O2/N2 = 1:3:1.7: N2 with is situ pretreatment of the catalyst in hydrogen at 250 °C). Doping CeNixOy catalyst with Zr shows much higher conversion of ethanol compared to doping with Al (83-96%) and higher H2 percentage and lower acetaldehyde percentage in the products distribution. However, the CeNi0.5Al0.5Oy calcined catalyst can be started at a reaction temperature of 200 °C while the CeNi0.5Zr0.5Oy (c) requires higher temperature (250 °C). On this basis, the pretreatment temperature in hydrogen for the Al compounds is raised to 300 °C. This study shows that at low Ni/Ce ratios where x = 0.5 and x = 1, higher ethanol conversions (83 % and 97 % respectively) as well as higher hydrogen percentage (34.9 and 42.7 %, respectively) are obtained in comparison to results obtained with pretreatment in H2 at 250 °C. However, at higher value of x (x = 2), pretreatment temperature in H2 of 300 °C promises better results as the hydrogen percentage in products distribution increases from 40 % to 44.8 % when this temperature increases from 250 °C to 300 °C.

Furthermore, the study of CeNixOy (c) and CeNixZr0.5Oy (c)(d) without pretreatment in hydrogen is conducted. The calcined catalysts require an activation temperature of 250 °C to initiate the OSRE process and the dried ones require a higher temperature of 280 °C. The calcined binary compounds without pretreatment shows better performance in OSRE when x ≤ 2 in terms of higher formation of hydrogen and carbon dioxide compared to those with pretreatment in hydrogen. However, at high Ni content where x = 5, 14 mg/h.gcatalyst of carbon are formed.

Similarly, on the calcined catalysts doped with Zr, a pretreatment step would be more recommended at a higher Ni/Ce ratio of x=5 for the same reasons. However, on the dried catalysts doped with zirconium, pretreatment step would be better recommended when x = 0.5 as it gives better conversion and higher H2 and CO2 percentages in products distribution.

Finally, some of the catalysts showing the best results are conducted for 80 hours in OSRE to check their stability under a long time reaction (EtOH/H2O/O2/N2 = 1:3:1.7: N2 and DL = 0.1 ml/min 

Chapter III: Preparation and characterization of fresh and spent catalysts

In this chapter, the preparation and characterization of CeNixOy (binary) and CeNixM0.5Oy

(ternary) catalysts, where M = Al or Zr, dried and calcined catalysts previously mentioned in chapter II, are investigated. On the fresh catalysts, the physico-chemical characterizations of the catalysts are analyzed by the following techniques: BET, XRD, TPR, TPO, Raman, XPS and XRF. The details of these different techniques are presented in the Appendix. This chapter also focuses on the characterizations of spent catalysts after test with Raman and XPS analysis to study the surface and bulk of the catalyst before and afer test.

III.1. Preparation of catalysts

To prepare the CeNixOy or CeNixM0.5Oy, catalysts where M = Al or Zr, precursors based on nitrates were used. Zirconium and aluminum oxide are known to have good physical and chemical properties such as strength, toughness and thermal stability [START_REF] Iriondo | Effect of ZrO2 addition on Ni/Al2O3 catalyst to produce H2 from glycerol[END_REF] . For this reason, zirconium and aluminum were chosen to be doped in the catalyst expecting better performance under the same conditions as those used previously for binary catalysts. The preparation of these catalysts was carried out by coprecipitation with triethylamine. The coprecipitation method has been widely used before since it has a desired effect in allowing the strong interactions in the catalyst that can have a beneficial effect on active sites and also limiting the sintering effect of metallic particles. The compounds were then filtered and dried at 100 °C. A part of the dried catalyst is collected and the other part is then calcined in air at 500 °C for 4 hours. The preparation method is more detailed in the Annex section

III.2. Characterizations of CeNixOy fresh catalysts

The physico-chemical properties of fresh CeNixOy catalysts are studied in this section. Different characterizations are done on these catalysts with different values of x. The CeNixOy catalysts are studied in the dried and calcined forms, the dried compounds are noted as CeNixOy (d) and the calcined ones are noted as CeNixOy (c).

III.2.1. Elemental analysis of CeNixOy catalysts

The binary CeNixOy compounds are analyzed by micro-X-Ray Fluorescence (XRF) (Table 25).

For each catalyst, the proportion of Ni in the compound is presented by the Ni /MT ratio, corresponding to the ratio of the quantity of nickel (noted Ni) to the total quantity of metal present in the solid (noted MT). This ratio is calculated by equation 32:

Equation 32:

Ni/MT = Ni / Σmetals = x/(x+1), where 1 refers to Ce. The experimental and theoretical values of metal content, the percentage weight of each metal and Ni/MT ratio of the Ce-Ni based catalysts are presented in Table 25 and Table 24 respectively. The results obtained experimentally match with the theoretical values in all the binary catalysts. This insures the good preparation of catalysts and the good incorporation of Ni into the catalyst.

III.2.2. BET surface areas for CeNixOy catalysts

The specific surface areas of CeNixOy catalysts (dried and calcined) where x = 0.1, 0.5, 1, 2 and 5 are presented in Table 26 and Figure 37. The dried catalysts have an average specific surface area between 81 and 198 m 2 /g. Whereas, for the calcined catalysts, this value is between 60 and 134 m 2 /g. The calcined catalysts in comparison to the dried ones have a lower specific surface area except for CeNi2Oy catalyst where they both have almost similar specific surface areas. In general, the catalysts with low Ni content (x = 0.5 and 1) have higher surface areas than those with higher Ni content (x = 2 and 5). These values of specific surface areas lie in the same range of values found in literature for CeNixOy catalysts [START_REF] Fang | Room temperature hydrogen production from ethanol over CeNixHzOy nano-oxyhydride catalysts[END_REF] .

Figure 37 BET specific surface area of CeNixOy dried (■) and calcined (▲) catalysts as a function of Ni/MT ratio. The structure and crystalline phases of CeNixOy (d) catalysts are investigated by XRD technique too. Figure 39 shows the XRD patterns obtained for these catalysts with various Ni contents.

III.2.4. XRD studies for CeNixOy catalysts

CeO2 phase is visible in all the CeNixOy (d) catalysts. The position of the main ceria XRD pattern of these catalysts is presented in Table 28. Ni(OH)2 phase is observed on some compounds, and only visible when x ≥ 0.5. To better see the Ni(OH)2 phase when hardly visible (0. 

III.2.5. Raman studies on CeNixOy catalysts

The Raman results obtained for calcined and dried CeNixOy catalysts are shown in Figure 41 and 29 and Table 30 for the calcined and dried binary catalysts, respectively. On nano-crystallized ceria, prepared in similar conditions, the first-order (F2g) CeO2 peak is found to be located near 460 cm -1 [START_REF] Fang | Room temperature hydrogen production from ethanol over CeNixHzOy nano-oxyhydride catalysts[END_REF]324 . Analyzing cerium compounds is quite complicated due to numerous initial and final 4f electronic configurations. The F2g first order ceria peak is visible in all the samples and is correlated to fluorite nano-crystalline CeO2 325, 326 . This agrees with the low average crystallites size previously shown by XRD. For comparison, the position of the F2g ceria peak of crystallized ceria has been reported at the position of 466 cm -1 327 . Moreover, there is a shift and broadening effect, that could be explained by the incorporation of nickel species in the ceria phase, in agreement with the presence of a solid solution 328 . This has been shown in the case of catalysts supported over CeO2 with the formation of additional bands due to supported molecular species and crystalline phases 329 . This shift is higher when x = 0.5 and 1. The peaks visible in the range between 500 and 700 cm -1 correspond to local vibrations due to the doping of the catalyst 330 .

Signal S1 at around 550 cm -1 , is related to an extrinsic defect mode induced by oxygen vacancies that can be increased in case of the substitution of Ce 4+ by lower valence cations in a solid solution. As a matter of fact, it has been reported on a Ni/CeO2 catalyst that the significant band observed in the 500-630 cm -1 region, could be decomposed in two contributions at 547 cm -1 and 615 cm -1 and the component observed at 547 cm -1 was assigned to an extrinsic defect mode induced by oxygen vacancies 331 . Signal S2 existing between 619 and 630 cm -1 assumes the existence of Ce 3+ complexes in the ceria structure 328 . This peak cannot be well identified when x = 5. It has been reported that the region 590-670 cm -1 may be attributed to the oxygen vacancies defect in the CeO2 lattice, induced by the Ce 3+ ion, and that the interconversion of Ce 4+ to Ce 3+ concomitantly leads to the generation of oxygen vacancies [START_REF] Al-Fatesh | In situ autogasification of coke deposits over a novel Ni-Ce/W-Zr catalyst by sequential generation of oxygen vacancies for remarkably stable syngas production via CO2-reforming of methane[END_REF] . A peak at around 520 cm -1 assigned to NiO could exist but cannot be clearly visible due to the shadowing effect by the long tail of the first-order CeO2 F2g peak [START_REF] Dharmaraj | Synthesis of nickel oxide nanoparticles using nickel acetate and poly (vinyl acetate) precursor[END_REF] . Signal S3 visible at around 220 cm -1 is assigned to ceria nanostructures 334 . This peak is not visible on the dried samples. The intensity of the signals S1 and S2 in the calcined catalysts is higher than those appearing in the catalyst without previous calcination. The F2g ceria peak position is shifted more to lower values on the dried catalysts than those of calcined catalysts. Moreover, S1 and S2 cannot be well separated in the dried catalysts.

As a matter of fact, the Raman-active mode in CeO2 corresponding to the frequency of ωR = 466 cm -1 , which is attributed to the symmetrical stretching mode of Ce-O8 vibrational unit, is easily affected by disorders in the oxygen sublattice and/or grain size induced nonstoichiometry. It has also been shown that the line shifts and broadens with decreasing grain size and increasing lattice defects 335 . All the obtained results agree with the presence of small nanoparticles and the solubility of Ni 2+ into CeO2 creating anionic vacancies. Table 29 Raman signal positions for CeNixOy (c) where x = 0.1, 0.5, 1, 2 and 5.

x F2g ceria peak position (cm -1 ) S1 (cm -1 ) S2 (cm -1 ) S3 (cm -1 ) Table 30 Raman signal positions for CeNixOy (d) where x = 0.1, 0.5, 1, 2 and 5.

x F2g ceria peak position (cm -1 ) S1 + S2 (cm -1 ) 

III.2.3. TPR profiles for CeNixOy catalysts

The temperature programmed reduction (TPR) under hydrogen makes it possible to study the reduction of the different phases present in a solid. This technique allows measuring the hydrogen consumption of a solid as a function of temperature. This allows to investigate the strength of metal-support interactions through the reduction temperature of Ni species in the catalyst. The reduction temperature profile in H2 of the CeNixOy calcined catalysts is shown in Figure 44. The reduction of these catalysts takes place in different range of temperatures as this can be verified from the presence of several peaks. The presence of two peaks shows the presence of two types of nickel species, that could correspond to Ni species in two different environments. The reduction temperatures will be divided into 2 zones: zone 1 and zone 2.

represents the positions of these reduction zones along with the positions of the main reduction peaks if possible to detect (Table 31 andTable 32). A first reduction temperature peak is observed at low temperatures (between 250 and 283 °C) and has been related to the reducibility of Ni species in solid solution and/or small NiO nanoparticles 336 . These species could also be easily oxidized and as a matter of fact, some redox processes have already been demonstrated between Ce 4+ , Ce 3+ , Ni 0 and Ni 2+ 321 . In addition, it is possible to see a slight displacement of the peaks towards higher or lower temperatures by increasing Ni content. In general, it appears at higher temperatures (283 °C) for low Ni content (x = 0.1) and at lower temperatures (258 °C)

for high Ni content (x = 5). The second reduction zone appearing at higher temperature between 277 °C and 480 °C for x = 0.5, 1, 2 and 5. This reduction zone was previously assigned to the reduction of larger NiO nanoparticles (visible by XRD) 336 . The small shoulder observed on this peak could be assigned to reductions of subsurface Ni species and of surface Ce 4+ , obtained from weak metal-support interaction of Ni species with ceria 337 . This temperature zone is not observed for a very low Ni content (x = 0.1). However, the second reduction stage (between 360-615 °C) observed on CeNi0.1Oy (c) can be assigned to the reduction of surface oxygen species of CeO2 338 . This stage could exist in all other catalysts but not visible due to overlapping. The TPR peak for the simple NiO oxide prepared in similar conditions has been reported at about 400 °C 339 . During calcination, the Ni(OH)2 phase and/or some nickel species can migrate and generate NiO nanoparticles, with a reducibility slightly different when compared to the reduction temperature reported for pure NiO (393 °C) 339,340 . The reduction behaviour of Ni based catalyst supported on pure CeO2 has also been reported before with a two-step reduction process 341 . Therefore, the stages of reduction being in the temperature range of 300-550°C can be assigned to the reduction of NiO eventually interacting with the support when some shifts in temperature are observed and also of Ce 4+ cations of CeO2 to nonstoichiometric oxides CeO2-x. Table 31 Temperature reduction zones and main peak positions in TPR for CeNixOy (c) catalysts.

Zone (peak position) (°C)

Catalyst 1 st zone 2 nd zone CeNi0.1Oy (c) 155-330 (283) 360 -615 (468.5) CeNi0.5Oy (c) 155-276 (263) 277-470 (360.8) CeNi1Oy (c) 170-285 (268.4) 285 -470 (359.9) CeNi2Oy (c) 150-300 (274.6) 300 -480 (359) CeNi5Oy (c) 190-285 (258) 285 -450 (378.6) Similar to the calcined CeNixOy catalysts, the dried CeNixOy catalysts show the presence of 2 main reduction peaks. However, the first reduction zone exists at higher temperature ranges than that of the calcined ones. Moreover, this peak is sharper and more intense. However, the second peak is broader than that of the calcined catalysts. In addition, it appears at lower temperatures than that of the calcined ones. 352) 240-320 (294) 320-450 (370) The first peak can be attributed to nickel in solid solution in the ceria phase or to the reduction of very small nanoparticles of a Ni related phase also visible in XRD for low content of nickel.

CeNi5Oy (d)
At high Ni contents, the second peak could correspond to the transformation of Ni(OH)2 (phase which could be amorphous in XRD). It is also possible that Ni(OH)2 (present in amorphous form) is converted into NiO and then reduced to metallic Ni as a function of the temperature leading to the formation of two peaks. So, whatever the nickel content is, the second peak corresponds to the reduction of the oxide of nickel (NiO).

The amount of H2 consumed is in good linearship with the Ni amount of the catalysts (Figure 45 and Figure 47). This can be illustrated in where the amount hydrogen consumed is presented as a function of the Ni content. The quantity of consumed H2 is in good agreement with the Ni content of the solids for both the dried and calcined CeNixOy catalysts. The amount of hydrogen consumed corresponds to the reduction of Ni species in different surrounding environments.

This good linear relationship proves the good incorporation of Ni inside the compound and thus a good preparation process of the catalyst.

III.2.6. XPS studies for CeNixOy catalysts

XPS (X-ray Photoelectron Spectroscopy) technique performed on CeNixOy catalysts allows analyzing the binding energies corresponding to Ce, Ni, O and C species (Tables 33 and34). 33 andTable 34. Previous studies performed on CeO2 simple oxide show the presence of doublets denoted by (u, v), (u', v'), (u'', v'') and (u''', v''') 322, 342 . In Ce 3d XPS characterizations (Figure 48 33 and34) reveal the presence of a main Ni 2p3/2 emission with, for dried and calcined compounds, binding energies between 854.7 -855.3 eV and for calcined compounds, when x > 0.1 also a peak at 853.6 -853.8 eV. The satellite peak at around 860.7 -860.8 eV can be observed on both calcined and dried catalysts. (1) (2)

(3) (4) As reported in Figure 48-3 and Figure 49-3 and Tables 33 and34, two peaks exist at 529 and 531 eV for O1s core level. The peak at 529 ± 1 eV corresponds to typical O 2-lattice oxygen in oxides of NiO and CeO2. This peak (existing between 529.2 eV and 529.5eV) appears more intense on the calcined catalysts than those of the dried ones. On the dried catalysts, this peak is more evident at lower nickel content when x is equal to 0.1 and 0.5. The latter, at 531 eV, can be assigned to oxygen species in the form of OH -1 group. This is the fact why this peak XPS allows quantitative analysis of the different atomic species present in the solid samples. 39. XPS provides additional information on the structure of the catalysts. Figure 50 compares the surface Ni molar ratio determined by XPS to the bulk molar ratio obtained from XRF. The 45° diagonal line represents the ideal case of a homogeneous distribution of nickel inside the solid. The series of calcined and dried catalysts of CeNixOy present a good homogeneous and a well dispersed system as they follow well the ideal case of distribution.

This is in agreement with a maximal Ni 2+ incorporation inside the ceria lattice [START_REF] Acar | Transition to a new era with light-based hydrogen production for a carbon-free society: An overview[END_REF] . This could be due to some undissolved zirconium based starting material added during the preparation (even if the solution has been warmed), or that the mixing time during preparation is not enough to precipitate all hydrates or due to uncertainty in the XRF technique on low weight percentages. This value will still be noted as 0.5 in the nomenclature of the catalysts. Ni/MT = x/(x + 1.5) 

III.3. Characterizations of CeNixZr0.5Oy catalysts

III.3.2. BET surface areas for CeNixZr0.5Oy catalysts

The surface areas of the different CeNixZr0.5Oy calcined and dried catalysts are presented in Table 39 and Figure 51 respectively. The dried catalysts have specific surface areas ranging between 186 and 112 m 2 /g. These specific surface areas are higher than those presented by the calcined catalysts (between 71 and 130 m 2 /g). This phenomenon can be explained by the thermal treatment of 500 °C applied for calcination. The specific surface areas of the dried catalysts decrease when the Ni content increases. The same trend is followed by the calcined catalysts however this applies when x ≥ 1. Moreover, when x ≥ 1, the binary catalysts have lower surface areas than that of those doped with Zr (For x = 1, both binary and ternary catalysts have same specific surface areas in the presence or absence of calcination. The trend followed by specific surface area as a function of Ni/MT ratio is relatively the same for compounds including and missing Zr element (Table 39 and Figure 51). Similar catalytic compositions were reported in literature having much lower specific surface areas between 6 and 9 m 2 /g 346 .

Figure 51 BET specific surface areas of CeNixZr0.5Oy dried (■) and calcined (▲) catalysts as a function of Ni/MT ratio. On the dried ternary catalysts, similarly to the binary dried catalysts, the Ni(OH)2 phase increases with the increase in Ni content. The average crystallites size of Ni(OH)2 and CeO2 calculated from XRD are shown in Table 41. The average crystallites size of Ni(OH)2 is of 12 nm for x < 5. However, at x = 5, the size becomes smaller at 8 nm. The average crystallites size of CeO2 (d) is found at 4 nm. The average crystallites size of CeO2 is affected by the presence of Ni even if it is at a very low ratio. However, this size is still much lower than that of simple CeO2 oxide which is probably due to the fact of the presence of different cations in the same material. The coprecipitation method have been proved to be more efficient in obtaining smaller average crystallites size, for both NiO and CeO2 347 . This has also been reported by Bueno-Ferrer by studying the relationship between surface area and crystal size of pure and doped cerium oxide solids 348 .

It has been previously shown that the larger the NiO crystal, the reduction occurs at higher temperatures becoming closer to simple NiO, while if nickel (II) oxide crystals are small, or in solid solution, H2 is consumed at lower temperature, so they could be transformed to nickel(0) at lower temperatures 349 . However, this is not so obvious, due to the strong interactions between different cations it has been shown previously, that a redox process can allow the Ni 2+ species that could be reduced to stay oxidized while Ce 4+ species in strong interaction are reduced to Ce 3+ cations.

III.3.4. Raman studies for CeNixZr0.5Oy catalysts

Figure 54 shows Raman analysis for CeNixZr0.5Oy (c) catalysts. It can be recalled that the position of the main peak F2g is located at 460 cm -1 for CeO2 simple oxide prepared in similar way. Even if the signal is broad and present an uncertainty, it seems that the position of this peak deviates globally to higher values on calcined compounds, as shown in Table 42. For the highest Ni content, this peak shifts to the highest value (483.4 cm -1 ). This peak becomes wider than that obtained on the nano-crystallized CeO2, as also observed on binary compounds. This agrees with the solubility of nickel in ceria, and with the formation of the solid solution of Ce-Ni-Zr-O. F2g ceria peak shift to higher energy (482.5 cm -1 ) has been already reported and attributed to the formation of ceria-zirconia solid solution [START_REF] Al-Fatesh | In situ autogasification of coke deposits over a novel Ni-Ce/W-Zr catalyst by sequential generation of oxygen vacancies for remarkably stable syngas production via CO2-reforming of methane[END_REF] . These values are slightly different than those of the binary catalysts whose range was between 456 and 461 cm -1 . This is explained by the modification of the ceria phase by the insertion of the zirconium inside it. Other signals S1, S2 and S3 are presented in the Table 42. S3 at around 220 cm -1 is a characteristic of nanostructure of the ceria phase. S1 as S2 signals appear as a shoulder due to the broadness of these signals and the presence of different environments for the oxygen vacancies present in the lattice. These defects produced create the signal between 500 and 730 cm -1 and a peak at 567 cm -1 seems to emerge but all the peaks in this range correspond to oxygen deficient complexes in the structure of the catalyst, due to the creation of anionic vacancies related to the insertion of the Ni and Zr species in the lattice and to the formation of a solid solution of Ce-Zr-Ni-O. For low Ni contents, several peaks are more observable. However, when the Ni content increases, the signal becomes very broad and complex. As for binary compounds, at 520 cm -1 , could exist a peak corresponding to NiO located near the peak of ceria, difficult to see on all samples due to the tail created by the CeO2 F2g peak. Table 42 Raman signal positions for CeNixZr0.5Oy calcined catalysts.

x F2g ceria peak position (cm -1 ) S1 + S2 (cm -1 ) S3 (cm -1 ) 0. 43. in the region of 300 -315 cm -1 could be related to the displacement of the oxygen atoms from their ideal positions in the fluorite lattice [START_REF] Adachi | Synthesis and modification of ceria-based materials[END_REF] .

Table 43 Raman signal positions for CeNixZr0.5Oy dried catalysts.

x F2g ceria peak position (cm -1 ) S1 + S2 (cm -1 ) 0. All these vibrational modes, mentioned before, are more visible compared to the binary catalysts, in agreement with the Zr introduction inside the CeO2 lattice, with more oxygen vacancies formed and thus vibration modes appear in the Raman spectra with higher intensities.

With the increase in Ni content, these peaks become broader, less intense and less resolved. All these data, gives a proof for the presence of a Ce-Zr-Ni-O solid solution present in the catalysts.

III.3.5. TPR profiles for CeNixZr0.5Oy catalysts

Figure 56 shows the results of the temperature programmed reduction (TPR) performed on the calcined catalysts of CeNixZr0.5Oy. Two reduction zones can be reported and are reported in Figure 56. The first reduction zone appearing between 110 and 320 °C depends on each catalyst.

The position of the main peak in this zone (low temperature) varies with the different Ni contents of the solid. It should be noted that the first peak (286 -295 °C) is observed at slightly higher temperatures compared to binary catalysts (264 -294 °C) (Table 44). As for binary compounds, this peak can probably be attributed to the reduction of Ni 2+ species of small NiO nano-particles, or Ni species localized in solid solution in ceria (or ceria-zirconia). It is possible, as for the binary catalysts, to see that this peak decreases in favor of the second peak, which can be attributed to the reduction of larger NiO nanoparticles (visible by XRD), since it increases with the content in Ni. Thus, both of the reduction peaks appear at a higher temperature. The second reduction zone appears between 290 and 576 °C with peaks varying between 370 °C and 390 °C and can be compared to the reduction temperature of simple NiO at about 390 °C [START_REF] Fang | Room temperature hydrogen production from ethanol over CeNixHzOy nano-oxyhydride catalysts[END_REF]339 . The peaks corresponding to this zone are more intense and clearly correspond mainly to the reduction of Ni 2+ species from NiO particles, well shown by the linear relationship between H2 consumed and Ni content (Figure 57). However, as already pointed before for binary compounds the reduction of CeO2 surface species to non-stoichiometric oxides CeO2-x can also be obtained. Similarly, two reduction zones appear for the dried catalysts of CeNixZr0.5Oy with the first reduction zone appearing between 200 and 320 °C (Table 45). The peak corresponding to this zone shifts to higher reduction temperatures along with the increase in Ni content. It appears at a temperature of 294 °C for CeNi5Zr0.5Oy (d) while it is at 269 °C for CeNi0.5Zr0.5Oy (d). This reduction zone is less broad than those appearing on the calcined catalysts. The other reduction zone which is the main zone corresponding to the reduction of Ni 2+ species in larger particles appear between 300 and 550 °C. A noticeable shift of this peak appears with the change in Ni content. In fact, the positions of these peaks appear at lower temperature (352 -366 °C) than those of catalysts with calcination (370 -390 °C), corresponding to the presence in dried samples of Ni(OH)2 phase visible by XRD. Furthermore, figures 59 and 61 show the linear relationship obtained between total hydrogen consumption and the Ni content of the calcined and dried catalysts respectively. Both series of calcined and dried catalysts of CeNixZr0.5Oy exhibit a good linear relationship between the nickel content and hydrogen consumption.

III.3.6. XPS studies for CeNixZr0.5Oy catalysts

Similar to the binary catalysts, Zr compounds are also analyzed by XPS to check any difference in elemental distribution and environment of these elements. Figure 60 represents the XPS spectra of all the elements present in CeNixZr0.5Oy (c) catalysts. The corresponding binding energies are presented in Table 46 For the Ce 3d core level, three spin-orbits doublets 3d3/2-3d5/2 denoted by (u, v), (u'', v'') and (u''', v''') are present in all cases. The position of the main cerium signal lies between 916. (1) (2) (

) (4) 3 
(1) (2) Concerning O1s core level, a triplet can be observed on Zr dried compounds originating from OH groups, O 2-and other oxygen species (O') deposited on the surface that could be organic species coming from preparation method, or due to water. The majority of O1s species are of OH nature (Table 49) in agreement with the presence of Ni(OH)2 phase observed by XRD. The position of the main O 1s signal is at around 531 eV for all the dried CeNi0.5Zr0.5Oy catalysts.

(3) (4) (5) 
Figure 62 compares the surface Ni molar ratio determined by XPS to the bulk molar Ni ratio measured by XRF. A slight variation between surface and bulk can be observed. The Ni/MT ratio on the surface appears higher than the one of bulk in CeNi1Zr0.5Oy and CeNi2Zr0.5Oy calcined and dried catalysts. At lower and higher ratios of Ni, the 45° diagonal line is well followed by the catalysts indicating a very good homogeneous distribution of Ni inside the catalysts, in good agreement with XRD and Raman analysis. 

III.4. Characterizations of CeNixAl0.5Oy catalysts

Only the calcined catalysts of this series are used for catalytic tests. Below are all the characterizations done on the series of calcined catalysts of CeNixAl0.5Oy (where x = 0.5, 1 or 2) prepared by co-precipitation method.

III.4.1. BET surface areas for CeNixAl0.5Oy catalysts

The specific surface areas obtained for the CeNixAl0.5Oy are presented below in Table 50. The calcined catalysts have a surface area between 125 and 154 m 2 /g. It can be seen that the amount of Ni in the catalysts enhances the surface area. Figure 63 represents the BET specific surface area of each catalyst as a function of Ni/MT ratio. On the calcined Al catalysts, a trend of increased surface area is followed by the increase in Ni/MT ratio. 

CeAl0.5Ni2Oy (c) 154.4 Figure 63 BET specific surface area of CeNixAl0.5Oy calcined (▲) catalysts as a function of Ni/MT ratio.

.

III.4.2 XRD patterns for CeNixAl0.5Oy calcined catalysts

Figure 64 shows the analysis carried out by X-Ray diffraction of the calcined CeNixAl0.5Oy calcined catalysts. The ceria (CeO2) phase is present in all catalysts. The NiO phase, which was well present for the CeNixOy (where x ≥ 1) and all CeNixZr0.5Oy calcined catalysts, is not present for the catalyst with the lower nickel content (CeNi0.5Al0.5Oy). However, for CeNi1Al0.5Oy and CeNi2Al0.5Oy catalyst, the phase corresponding to NiO can be distinguished clearly. It is therefore likely that when NiO crystallites are not detected, the Ce 4+ species inside the ceria phase are replaced by Ni 2+ or Al 3+ cations with formation of a solid solution of cerium nickel (and aluminum). However, by XRD the presence of an amorphous phase cannot be detected even if present. The positions of main peak of ceria as well as the average crystallites size of NiO and CeO2 in CeAl0.5NixOy (c) catalysts are presented below in Table 51. NiO phase tends to increase with increasing Ni content. Indeed, these diffraction patterns become more intense when Ni content increases. A phase related to Al is not observed. The average crystallites size is estimated to be of 4 nm for CeO2 and between 5-9 nm for NiO crystallites, based on Scherrer's formula.

However, in both cases a deviation from the original F2g peak of single ceria is observed. This can indicate the presence of modifications in ceria structure and crystallinity in the presence of Al. Signal S3 visible at about 230 cm -1 is characteristic of ceria phase nanostructures. Between 500 and 700 cm -1 , a very wide peak appears for CeNi2Al0.5Oy catalyst. This wide peak in fact is the summation of signal S1 and S2 that can appear in the catalysts CeNi0.5Al0.5Oy and CeNi1Al0.5Oy catalysts. Signal S1 at 552 cm -1 and S2 at 635.5 cm -1 assigned to local vibrations of the various oxygen deficiency complexes. In fact, these vibrations increase in case of Al compounds compared to binary ones due to the incorporation of Ni 2+ and Al 3+ cations into CeO2 phase which increases the number of defects. A peak at 570 cm -1 still exists and is precisely an indicative of the presence of oxygen vacancies in the ceria structure 358 .

Table 52 Raman signal positions for CeNixAl0.5Oy (c) catalysts.

x F2g ceria peak position (cm -1 ) S1 (cm -1 ) S2 (cm -1 ) S3 (cm -1 ) 0.5 452.9 552. temperature reduction zones appear as reported in. The TPR spectra are complex but 2 peaks appear clearly at about 300 and 500 °C (Table 53). The first reduction zone could be assigned to easily reducible Ni species in solid solution Ce-Ni-O-Al and/or small NiO nanoparticles similarly to those of binary and Zr based catalysts mentioned before. However, this peak appears at a much higher temperature (314 -333 °C) compared to binary compounds due to the insertion of Al into the structure. A shoulder appearing before the peak at 300 °C, indicates the presence of Ni in different environment. This could be related to the presence of Ce-Ni-O solid solution as well similar to the case of the binary catalysts. Therefore, it could be concluded that part of Ce-Ni-O solid solution is replaced by Ce-Ni-Al-O solid solution. At higher temperatures (407 -500 °C) larger NiO nanoparticles are reduced. This peak becomes more intense and shifts to higher temperature when x increases. These reduction temperatures are much higher than those of binary catalysts and higher that TPR peak of simple NiO (390 °C),

indicating that there are very strong interactions between Ni cations and other cations in the solid. Then, the peak in the third zone at around 930 °C, could be assigned to the reduction of bulk Ce 4+ into Ce 3+ cations but could be also related to Al 3+ cations, as it is obtained at much higher temperature than before. Figure 67 proves that a linear relationship exists between the total hydrogen consumed and the Ni content in the catalyst. It is notable that in TPR analysis, H2 molecules merely consume oxygen species present on the surface of the catalyst. As a result, the positions and the intensities of hydrogen consumption peaks can be linked to the oxygen mobility on the surface of these catalysts. As previously said, high Ni content leads to higher reduction temperature too. Finally, it can be deduced that a higher Ni content means higher reduction temperatures and thus lower oxygen mobility/oxidizing ability for a metal oxide 359 . (1) (2) Table 55 shows the values obtained from XPS for atomic percentage of species found in Ni 

(3) (4) (5) 

III.5. Characterizations of spent CeNixOy catalysts

The CeNixOy catalysts tested in OSRE at 50 °C for 31 hours with a starting temperature of 200 °C and after in-situ pretreatment in H2 at a temperature of 250 °C are collected and analyzed by Raman and XPS.

III.5.1 Raman analysis for spent CeNixOy catalysts

With the spent binary calcined catalysts, broad peaks are observed, a high uncertainty is observed on the position of the F2g ceria peak in particular when x = 0.5 and 2, while it is more visible when considering x = 1 and 5 (Figure 69). On these last catalysts, this peak is observed at lower values than those of the fresh catalysts. When x = 1, this peak deviates from 456.6 cm - 1 to 450.5 cm -1 and when x = 5, the shift is observed clearly from 461.9 cm -1 to 452.3 cm -1 (Table 56). Therefore, it appears that globally the nano-crystallites and Ce-Ni solid solution seem to be maintained however with inducing more oxygen vacancies. Indeed, ceria presents the ability to easily and reversibly change between its Ce 3+ and Ce 4+ oxidation states and to accommodate oxygen vacancies in its fluorite-type crystal structure and thus leading to the broadness in S1 and S2 signals (due to oxygen vacancies), thus acting as an efficient oxygen buffer [361][362][363][364][START_REF] Bueno-López | Diesel soot combustion ceria catalysts[END_REF] . This ability for oxygen storage capacity allows to obtain this shift [START_REF] Trovarelli | The utilization of ceria in industrial catalysis[END_REF] . In the same direction, the presence and the availability of mobile active oxygen species play a fundamental role in the ceria oxidation activity [START_REF] Bueno-López | Active oxygen from CeO2 and its role in catalysed soot oxidation[END_REF][START_REF] Bueno-López | Enhanced soot oxidation by lattice oxygen via La3+ -doped CeO2[END_REF][369] . This effect has already been investigated on ceria compounds where it has been shown that the reduction and oxidation state of the doped material affect the intensity of the vibrational modes between 550 cm -1 and 570 cm -1 370, 371 . Figure 70 shows no evidence for carbon formation in all the binary catalysts after test except on CeNi1Oy (c) catalyst, for which graphitic carbon is evidenced by the presence of the D band (vibration of sp 3 -hybridized carbon atom in the disordered carbonaceous species) and G band (stretching mode of sp 2 -hybridized carbon atom in the ordered graphite), observed at 1352 cm - 1 and at 1605 cm -1 , respectively [START_REF] Al-Fatesh | In situ auto-gasification of coke deposits over a novel Ni-Ce/W-Zr catalyst by sequential generation of oxygen vacancies for remarkably stable syngas production via CO2-reforming of methane[END_REF]373 . The obtained values are very close (in particular, when taking into account the uncertainty) to those previously obtained after ethanol steam reforming on NiXMg2AlOY nanocomposites (1349 cm -1 and 1592 cm -1 ) 374 . The G band is observed at a higher frequency than in some studies (1580 cm-1), this could be explained by the fact that another D' band exists at 1620 cm -1 and caused by sufficient concentration of defects and thus merging with the G band [START_REF] Tuinstra | Characterization of graphite fiber surfaces with Raman spectroscopy[END_REF][START_REF] Nemanich | First-and second-order Raman scattering from finite-size crystals of graphite[END_REF][377][378] . It must be noted that the signal is weak, and to allow the observation of the peaks, the intensity (reported in arbitrary units) has been multiplied, as seen by the signal to noise. Knowing that no evidence of carbon was detected by applying the mass variation method to calculate carbon formation, only scarce carbon formation is observed and as shown here by Raman it corresponds to graphitic type carbon materials 374,379 . 

III.5.2. XPS on spent CeNixOy catalysts after 31 hours in OSRE

The same CeNixOy discussed before are analyzed by XPS to investigate the changes at the level of the catalyst before and after the process. The corresponding data obtained are presented in Figure 71 exhibiting the binding energies of the different elemental compositions. The exact positions of the binding energies, as well the atomic percentage of each element after test are reported in Table 57 and58. As carbon can be formed during the test, Ce 4+ at 917 eV is taken as a reference for XPS analysis after test 343 .

Globally, the main emission peak of Ni 2p3/2 is observed on the compounds after test at higher binding energies than those of fresh catalysts, meaning that the Ni 2+ cations are well present after test and these cations that are present after test are those in strong interaction with other cations. The doublet peak of Ni 2p3/2 originally present in the fresh catalyst becomes undifferentiated at low values of x (x = 0.5 and 1). This peak position related to Ni 2+ species is close (855.2 eV -855.4 eV) on CeNi0.5Oy (c), and varies from 855.3 eV to 856.7 eV on CeNi1Oy (c). Similarly, the peaks appearing at BE of 855.3/853.6 eV on CeNi2Oy (c) and CeNi5Oy (c) before test appear at BE of 856/854.2 eV and 856.3/853.1 eV after test. When x= 5, low contributions of Ni 0 could be evidenced at round 852.6 appearing as a small shoulder due to the main Ni 2p3/2 peak. The characteristic peaks corresponding to cerium cations, mainly Ce 4+ , are still well observed after test. For O 1s, globally, the peak appearing at BE around 529.5 eV is related to O 2-species present in the metallic oxides, the BE around 531 eV corresponds to oxygen bonded as hydroxides and could be also related to NiO 380 , while higher values of BE can be related to adsorbed water or organic compounds 158 . The BE vary from 529.4/531.3 to 529.9/532.6 eV on CeNi1Oy (c), from 529.4/531.1 eV to 530.1/531.4 eV on CeNi2Oy (c), and from 529.3/531 eV to 530/532.3 eV on CeNi2Oy (c), when comparing before and after test, respectively, showing a higher presence of hydroxyl groups and adsorbed water and/or organic compounds after test. This result can be explained by the reactants used (EtOH-H2O) and the stopping of the reaction under these reactants. A significant change in intensities and broadness is observed on CeNi0.5Oy (c), for which the values of BE vary from 529.5/531.5 eV to 532.4/ 533.3 eV after test. At low nickel over cerium molar ratio, x = 0.5, no changes in C 1s spectra can be revealed after test and this signal being correlated to adventitious carbon. However, starting from x = 1, a small shoulder starts to appear in the spectra and can be differentiated into a peak at 286.1 eV on CeNi2Oy (c). This corresponds to graphitic carbon and has been reported

previously on similar type of materials 374 . This is in agreement with the Raman analysis previously shown (Figure 70).

(1)

are no more visible on the spent catalysts. 72 and Figure 73. Table 59 summarizes the positions of each Raman signal obtained. The F2g ceria peak mainly present at 460 cm -1 becomes at a position of around 477 cm -1 in CeNi0.5Zr0.5Oy (c). This peak is observed at 468 cm -1 , 477 and 470 cm -1 for the catalysts CeNi1Zr0.5Oy (c), CeNi2Zr0.5Oy (c) and CeNi5Zr0.5Oy (c), respectively (which were previously present at 462, 462 and 483 cm -1 respectively). The F2g peak shift to higher energy (482.5 cm -1 ), has been attributed to the formation of ceria-zirconia solid solution 372, 381 . Therefore, all these results show the well maintain of the solid solution after test. As a consequence of these changes in the lattice and due to the defects created (oxygen vacancies) and loss of electrons, the vibrational modes occurring between 500 and 650 cm -1 (S1) becomes more intense with respect to S2 signal and F2g ceria peak. Before test, S1 and S2 peak couldn't be differentiated, appearing as broad peaks occurring between 500 and 730 cm -1 for all these catalysts. However, after test, a peak becomes well positioned and visible at 564, 561, 564 and 564 cm -1 for CeNi0.5Zr0.5Oy (c), CeNi1Zr0.5Oy (c), CeNi2Zr0.5Oy (c) and CeNi5Zr0.5Oy (c) respectively. Vibrations situated between 400 and 450 cm -1 are reported previously to be responsible of Ce-O longitudinal stretching of atoms in the outermost layers and the latter to a transversal Ce-O stretching vibration 382,383 . The oxygen vacancies and defects in the structure of ceria increase clearly after test as a proof of the continuous redox processes occurring in OSRE reaction leading to the good performance and stability over time. Two bands corresponding to carbon (D and G bands) can be observed on the catalysts with x values equal to 1 and 2. However with CeNi5Zr0.5Oy and CeNi0.5Zr0.5Oy (c), no signals could be observed at all, indicating that carbon formation is totally eliminated using these compounds. Nevertheless, even if very low signals of C can be observed on some catalysts, all catalysts have good stability over time. This type of carbon could be related to graphitic carbon as previously mentioned. Table 59 Raman signal positions for CeNixZr0.5Oy calcined catalysts after test with a pretreatment in H2 at 250 °C: a) x = 0.5, b) x = 1, c) x = 2 and d) x = 5. -1 ) S 1 (cm 

X F2g ceria peak position (cm

III.6.1.1.2. XPS analysis

On the CeNixZr0.5OY (c) compound after pretreatment in H2 at 250 °C followed by OSRE (EtOH/H2O/O2/N2 = 1:3:1.7:N2) at 50 °C, XPS (Figure 74) reveals the main presence of Ni 2+ cations on the surface. Quantification data obtained from XPS for atomic percentage in these CeNixZr0.5Oy calcined catalysts after are presented in table 61. A main Ni 2p3/2 peak at about 856.0 eV is observed with a shoulder at about 854 eV due to the different environment surrounded by nickel, with the binding energy of the satellite peak observed at around 861 eV.

Those main emission peaks appear around 855 -856 and 853 -854 eV. The values of these binding energies remain very close before and after test for all these catalysts. These results demonstrate that the strong interactions between Ni 2+ cations with other cations are well preserved after test at 50 °C after 31 hours (Table 60). Ce 3d spectra, show the main presence of Ce 4+ cations (to note that Ce has been taken as a reference to analyze C). An increase of Ce 4+

percentages with respect to Ce 3+ percentages is followed after test for the CeNi0.5Zr0.5OY (c), CeNi1Zr0.5OY (c) and CeNi2Zr0.5OY (c) catalysts showing that more cerium is being oxidized during OSRE in these samples. However, with CeNi5Zr0.5OY (c), the catalyst that showed the best catalytic performance under these conditions in OSRE, the percentage of Ce 4+ decreases from 82 % to 77 % and that of Ce 3+ changes from 18 % to 23 %. As a reason, the u' signal is more visible in the XPS spectra of spent catalysts than those of fresh ones. It can be seen that the distribution of oxygen species present on the surface of the catalysts change after test.

Before test, the O 1s core level presents two major oxygen species at around 529 and 532 eV with the presence of O 2-species and oxygen species in hydroxyl groups (OH -). After test, a third group of oxygen species appears represented as O' which could be due to organic compound or water deposit on the surface of the catalyst after test. These species are more evident at higher Ni/Ce ratios when x = 1, x = 2 and x = 5. With x = 0. In fact, it has been shown on similar formulation of catalysts that the combination of oxygen with nickel, cerium, and zirconium provided a bridge among them which prevented sintering and a reduction in grain size and therefore allowed to establish great stability of catalysts and catalytic activity over time 384 . This feature allows these catalysts to reserve good conversion of ethanol of 100 % over time. The Ce and Ni cations change in percentages on the surface of the catalyst due to the redox processes occurring between them. Zr has a role according to Di Monte 385 , when ZrO2 was added to CeO2, the oxygen vacancies were increased, and more reduction of Ce-Zr composite was also observed. Moreover, Ni improved the catalytic activity 386, 387 . Furthermore, the oxygen storage capacity of CeO2 on its surface was limited, whereas for Ce-Ni-Zr mixed oxides, there was participation of bulk oxygen in the storage process and thus allowing these redox processes to maintain and as an overall gave good catalytic results 75. The signal corresponding to F2g ceria peak is mainly hidden by the S1 signal. Therefore, it appears as a very broad single peak at 542 cm -1 . After 80 hours of test, carbon formation can be evidenced by Raman, (even if not evidenced by mass variation method), due to the two peaks appearing at 1306 and 1601 cm -1 (Table 62). The D band at 1306 cm -1 due to disordered carbon is much higher in intensity compared to the G band. The D band is sensitive to disorders is the fact why it appears at lower wavenumbers than carbon normally at 1330 cm -1 . The D band has several activation phonons going from 1240 to 1390 cm -1 (hence a spectral range of 150 cm -1 ) 389 . It can be seen that with increasing the duration of the test from 31 hours to 80 hours, a small evolution of carbon can be detected since after 31 hours in OSRE no carbon signal was detected by Raman. Moreover, The F2g ceria peak was still visible in the test after 31 hours (at 470.2 cm - 1 ) unlike that of 80 hours indicating that with time even more oxygen vacancies and more defects in the structure of the catalyst are being formed. CeO2 species are much easier to reduce than other species allowing to see great changes in terms of intensities of peaks and in turn leading to the changes in percentages between Ce 3+ and Ce 4+ species observed by XPS 390,391,392 . % after 80 h, respectively (thus the quantity of Ce 3+ species increase after time on stream).

(1) (2) (3) (4) (5) 
Therefore, the solid becomes more reduced under stream even with the presence of a large amount of hydroxyl groups at the surface.

The big variation in oxygen analysis goes to the fact that the oxygen storage capacity and redox property of the CeO2-ZrO2 support greatly influenced the reaction intermediates by tuning the reaction pathway in addition to the fact of formation of solid solution 393,394 . It was reported by Ocampo et al. that the incorporation of ZrO2 increases the oxygen mobility and promotes the formation of vacancies 395 . It was reported by Iglesias et al. that the oxygen vacancy rate and utilization rate over the Ni/CeO2-ZrO2 catalyst were higher than those over the binary Ni/CeO2 catalysts 396 . They proposed that the promoting effect of the incorporated Zr on the catalytic properties was ascribed to higher oxygen mobility.

(1)

(3) (4)

(5) 65. The signal of the main ceria F2g peak is low, mainly due to the high intensity of the S1 signal, and so the position of the position of the F2g peak presents a high uncertainty, however, it seems to change with respect to the position of the peak on the fresh catalysts. Clearly, the ceria F2g peak becomes broader after test in all the cases (x = 0.5, 1, 2 and 5). All the obtained results indicate that oxygen vacancies have been formed in addition to those vacancies present after the preparation of the catalyst. With a low nickel content (x = 0.5), this peak is positioned at 473 cm -1 a much higher value than that on the fresh catalyst (460.1 cm -1 ). With CeNi5Zr0.5Oy (c),, the F2g ceria peak shifts greatly to lower positions from 483.4 cm -1 (on fresh catalyst) to 461.3 cm -1 (spent catalyst). For x = 1 and x = 2, this ceria F2g peak do not vary (peak at 462.2 cm -1 and 464.8 cm - 1 , respectively). Signals S1 and S2 increase in intensity and become amplified compared to the F2g ceria peak, due to the redox capacity of the doped material that affect the intensity of the vibrational modes between 550 cm -1 and 570 cm -1 370, 371.

. Concerning carbon, it can be seen that no signal is observed in the carbon zone when the value of x is of 0.5 and 1. At higher values of x, 2 and 5, only a small signal (high noise/signal ratio) at around 1340 cm -1 and 1600 cm -1 can be observed corresponding to the D band and G band signals of C. This could be related to filamentous carbon that could not be detected by mass variation method because it is produced in a very low amount. These Raman results obtained after test with in-situ pretreatment of the solid at 200 °C in H2 do not only vary from those obtained on fresh catalysts, they vary also compared to results obtained with temperature of pretreatment in H2. The F2g ceria peak previously present at 477.4 cm -1 for CeNi0.5Zr0.5Oy (c), 468.4 cm -1 for CeNi1Zr0.5Oy (c), 477.4 cm -1 for CeNi2Zr0.5Oy (c) and 470.2 cm -1 for CeNi5Zr0.5Oy (c) when the pretreatment in hydrogen was of 250 °C is now shifted to 473 cm -1 , 462.2 cm -1 , 464.8 cm -1 and 461.3 cm -1 , respectively after test with pretreatment in hydrogen at 200 °C. Similarly, the S1 signal shifts to different positions specially with the CeNi1Zr0.5Oy (c) catalyst where it appears at 561 cm -1 after pretreatment temperature in hydrogen at 250 °C and at 574.5 cm -1 after pretreatment temperature in hydrogen at 200 °C. With all the other catalysts this peak is found at 564.5 cm - 47), while when x = 2 or 5, OH and O 2-species are still found in similar proportions but with the appearance of O' species (with the highest amount when x = 2). Globally, the Ce 3+ cations are found between 17 and 36 % after this series of test (Table 67) compared to 18 -32 % before test (Table 47) and 16 -23 % after test with pretreatment in H2 at 250 °C (Table 61).

That means that globally the main Ce cations (Ce 4+ , Ce 3+ ) are well maintained before and after tests. Quantification data obtained with XPS on spent CeNi0.5Zr0.5Oy (c) remain the same after pretreatment in hydrogen of 200 and 250 °C. However by increasing the nickel content ( x ≥ 1), these quantifications vary for O 1s and Ce 3d species. Surprisingly, Ce 4+ species decrease with respect to the Ce 3+ species in spent catalysts obtained after test with pretreatment in hydrogen at 200 °C compared to those with pretreatment in hydrogen at 250 °C. Even if it must be recalled that an uncertainty exists in the estimation of Ce 3+ cations from XPS, some precise analysis can be further done. It appears that on the solids in-situ pretreated in H2 at 250 °C, the presence of Ce 4+ is well maintained under reaction stream and even better compared to those pretreated in H2 at 200 °C. The percentages of Ce 4+ cations are higher in the case when the catalysts are pretreated in H2 at 250 °C than those of pretreatment temperature in H2 of 200 °C.

Thus, the pretreatment temperature plays a role in the OSRE process as previously reported in the tests using different pretreatment temperature.

(1)

(3) (4)

(5) 80 and Table 68. The signal over noise is very poor and a high uncertainty is therefore present on this result that should be checked. However, it seems that a deviation of the F2g ceria peak from a position of 451 cm -1 to 470 cm -1 occurs on the spent catalyst. The noisy signal and difficulty to observe the F2g ceria lead to not be able to analyze the region between 500 and 700 cm -1 . Even if the signal is poor, the Raman analysis in the carbon region shows the presence of 2 peaks at 1309 cm -1 and 1590 cm -1 , that can be attributed to highly disordered graphitic type carbon.

With the spent CeNi5Zr0.5Oy calcined catalyst tested under same conditions, the F2g peak couldn't be resolved from S1 and S2 signals that appear between 500 and 730 cm -1 , while here The spent CeNixZr0.5Oy dried catalysts after the oxidative steam reforming process at 50 °C for 31 hours and after pretreatment in hydrogen at 200 °C are also analyzed by Raman (Figure 82 and Figure 83, Table 71. The F2g ceria peak is very broad presenting a low signal, probably due to the intense S1 signal. However, the F2g ceria peak seems to shift to higher wavenumbers with respect to the positions observed on fresh catalysts. The F2g peaks originally present at 458, 454, 460 and 451 cm -1 on the fresh catalysts where x = 0.5, 1, 2 and 5, respectively are now present at 475. 6, 464.8, 459.4 and 461.4 cm -1 , respectively. This shift is due to the formation of oxygen vacancies and Ce 3+ cations 397,398 . Similarly, more oxygen defects are created after test characterized by the increase of intensity of the S1 and S2 signals. These signals that previously lied in the range between 490 and 690 cm -1 appear now as a broad signal with an amplified S1 peak positioned at 552.2, 559.2, 562.8 and 561 cm -1 for CeNi0.5Zr0.5Oy (d), CeNi1Zr0.5Oy (d),

CeNi2Zr0.5Oy (d) and CeNi5Zr0.5Oy (d) respectively. Analyzing the spectrum obtained in the carbon region, it can be assured that using these catalysts carbon formation is eliminated totally (Figure 83). (1) (2)

(3) (4)

(5) 85), the signal of the F2g ceria peak is low and noisy and not possible to be positioned. Only a single broad signal at 534 cm -1 (along with the S1 and S2 signals) appears. On the fresh catalyst, the F2g ceria peak was present at around 451 cm -1 and the different local vibrations due to oxygen vacancies related to the doping of the catalyst were between 490 and 690 cm -1 . In the zone of carbon peaks appear at 1308 cm -1 and 1589 cm -1 evidencing very low signal due to carbon. F2g signal appears as a shoulder due to the hindering effect caused by the S1 signal due to presence of oxygen vacancies and cerium complexes formed at the level of the catalyst and due to the extrinsic defect mode induced by oxygen vacancies that can be increased in case of the substitution of Ce 4+ by lower valence cations in a solid solution. The oxygen vacancies could be more present in this case of catalyst where no pretreatment in hydrogen was applied, compared to the case where this catalyst was pretreated in hydrogen at a temperature of 250 °C (Figure 80), because the related local vibrations were lower in intensity in comparison to F2g peak, which allowed to assign the F2g peak at 470 cm -1 (Table 74). which was also noticed on the same catalyst pretreated in hydrogen at 250 °C (Table 70) where Ce 4+ cations were estimated to be at 60 %. The percentage of O 2-which was of 7 % on fresh catalyst increases drastically after test without pretreatment. Interestingly, without pretreatment of the catalyst, metallic nickel is produced after test however with catalyst subjected to pretreatment in hydrogen low evidence for metallic nickel was collected after test.

(1) (2)

(3) (4)

(5) The CeNixAl0.5Oy calcined catalysts after test of 5 hours in OSRE with a pretreatment in H2 at intense, so the position of F2g ceria peak is an estimation (high uncertainty). F2g ceria peak is localized at 455.9 cm -1 for the spent CeNi0.5Al0.5Oy catalyst, at 454.1 cm -1 for CeNi1Al0.5Oy

spent catalyst and at 466.6 cm -1 for CeNi2Al0.5Oy spent catalyst. S1 signal which was initially located between 551 and 558 cm -1 on fresh catalysts shifts after test to higher positions at 562.8 -561 cm -1 . Two bands at 1346 and 1599 cm -1 visible in the spectrum obtained on the compound with x = 1 are the characteristics of D and G band of carbon (Figure 88). As a matter of fact, carbon has been previously shown to be formed on CeNi1Al0.5Oy (c) after test with an amount of 24 mg/h.gcatalyst. Ceria structure is modified due to the formation of complexes and creation of oxygen vacancies signaled by intense S1 signal. As a consequence, the position of the F2g ceria peak could shift to higher positions in all the cases (Table 77) compared to those obtained on fresh catalysts (at 452.9 cm -1 for CeNi0.5Al0.5Oy and CeNi1Al0.5Oy and at 456.5 cm - 1 for CeNi2Al0.5Oy). As already reported before, the S1 signal is caused by extrinsic defect mode induced by the increase of oxygen vacancies that can be increased in case of the substitution of Ce 4+ by lower valence cations in a solid solution. ). Thus, a decrease in Ce 4+ species (reduction of the cerium cations) is observed after test when x = 1 and 2 and a slight increase in Ce 4+ percentages is observed when x = 0.5 (oxidation of cerium species). Small evidence of metallic nickel is observed on CeNi2Al0.5Oy (c) estimated to be around 4 % with high uncertainty due to difficulty in analyzing samples after test by XPS.

On the CeNi1Al0.5Oy catalyst, 24 mg/h.gcatalyst were collected after test observed by XPS analysis and presented by a small shoulder in C 1s at around 286 eV related to graphitic carbon as reported in Raman analysis.

( which could be attributed to the fact of pretreatment in hydrogen at 300 °C. Although, carbon formation is not revealed by the mass variation method, however, the Raman spectrum obtained in the carbon region gives rise to 2 peaks at 1319 and 1593 cm -1 (the intensity reported in arbitrary units is zoomed). Nevertheless, this amount is low enough not to be detected by the previously mentioned method and not to cause deactivation of the catalyst. and as a result it can be seen that 68 % of oxygen species on the surface is a contribution of these molecules. Finally, it can be seen that the interactions between all these cations are still present even after test supported by the fact that binding energies remain the same even after 80 hours in OSRE. This probably explains why these catalysts have a high stability over time in OSRE.

(1)

(3) (4) 

Conclusion

Different catalysts are prepared by the coprecipitation method: binary catalysts CeNixOy (0.1 ≤

x ≤ 5), ternary catalysts with aluminum CeNixAl0.5Oy (0.5 ≤ x ≤ 2) and ternary catalysts with zirconium CeNixZr0.5Oy (0.5 ≤ x ≤ 5). The catalysts are dried at 100 °C and a part of these catalysts are calcined under air at 500 °C. These catalysts are characterized by various techniques such as BET, XRD, Raman, TPR, XRF and XPS in order to obtain information on the texture, structure and properties of the samples. Some chosen samples are also analyzed by Raman and XPS after test by oxidative steam reforming under specific conditions.

The specific surface area of the calcined binary catalysts lies between 60 and 134 m 2 /g and that of dried binary catalysts lies between 81 and 198 m 2 /g. The specific area of dried Zr based catalysts is estimated to be between 186 and 112 m 2 /g, larger than those of calcined Zr based catalysts that have a specific surface area between 71 and 130 m 2 /g. Concerning Al based compounds, the specific surface area is estimated to be between 125 and 154 m 2 /g and it has been shown that this specific surface area increases with the increase in Ni content in the catalyst.

XRF analysis shows that theoretical mass percentages of elements present in the catalyst are in agreement with the experimental mass percentages obtained after preparation of the catalysts.

Only a slight deviation from theory is obtained for the percentage of Zr.

Whatever the catalyst is, with or without the presence of aluminum or zirconium dopants, XRD

shows that the ceria phase is always present. According to Scherrer formula, the average crystallites size of ceria in these catalysts is between 3-5 nm in both binary and ternary catalysts, dried or calcined which is relatively lower than those of pure CeO2 (8 nm) and relatively stable with the Ni content of the solid However, the ceria phase in CeNi0.1Oy (c) has the greatest average crystallites size among all (7 nm). CeO2 peaks become broader which agrees with the decrease of CeO2 average crystallites size in the mixed oxides. Moreover, there is a shift of the main XRD pattern of CeO2 which is due to the substitution of Ce 4+ cations by Ni 2+ and Zr 4+ cations inside the CeO2 lattice and to the formation of cerium-nickel solid solution. On calcined samples NiO exists with an average crystallites size of 12-14 nm, while, Ni(OH)2 phase is found on dried samples and estimated to have a crystallites size of a 8-13 nm for CeNixZr0.5Oy(d) catalysts and 9 nm for CeNixOy (d). Ni(OH)2 phase is only visible when x ≥ 0.5.

Raman analysis of binary and ternary compounds shows a shift in F2g ceria peak originally present at around 460 cm -1 affected by disorders in the oxygen sublattice and/or grain size induced non-stoichiometry thus leads to line shifts and broadens with decreasing grain size and increasing lattice defects. It is shifted more to lower values on the dried binary catalysts than those of calcined binary catalysts. Vibrations between 500 and 700 cm -1 are visible on all the catalysts caused by extrinsic defect mode induced by oxygen vacancies that can be increased in case of the substitution of Ce 4+ by lower valence cations Ce 3+ and also other cations (Ni 2+ , Al 3+ , Zr 4+ ) assuming the formation of complexes in the ceria structure in the form of a solid solution due to the doping of the catalyst. Moreover, ceria nano structures exist at around 220 cm -1 and only visible on the calcined catalysts. Cerium species are mostly (> 68%) found as Ce 4+ cations, with the presence of Ce 3+ cations.

Some samples were then analyzed by XPS and Raman to highlight on the structural changes at the surface of the catalyst and to analyze carbon formation after oxidative steam reforming. 190,[START_REF] Daza | Syngas production from CO2 reforming of methane using Ce-doped Ni-catalysts obtained from hydrotalcites by reconstruction method[END_REF] . This same analytical technique as well as Raman and XPS analysis all agree on the presence of a solid solution. All these analysis with the fact that the ionic radii of Ce 4+ (0.9 Å) 339,404 Ni content (Mg2AlNi1OY), the OSRE reaction requires higher starting temperature of about 390 °C then the oven temperature could be decreased and the required minimal oven temperature to maintain the reaction was at 215 °C to obtain minimal carbon formation 238 . At higher Ni/Ce ratios this starting temperature could be decreased to 200 °C while leading to carbon formation. However, in the used conditions here, the studied catalysts are stable enough not to lead to any carbon formation, with low and high nickel formulations, in most of the preparations and in the optimized conditions used.

Indeed, depending on Ni content and its environment in the catalyst, the results obtained vary considerably. In the literature, the transformation of ethanol has given rise to numerous reviews 33, 37, 407, 408 , and nickel-based catalysts have been the subject of review because of the recognized strong activity of nickel [START_REF] Ni | A review on reforming bio-ethanol for hydrogen production[END_REF][START_REF] De La Piscina | Use of biofuels to produce hydrogen (reformation processes)[END_REF][START_REF] Piscina | A comparative overview of hydrogen production processes[END_REF] . Indeed, it has been reported since many years by Yates et al. that nickel cleaves the O-H, -CH2-, C-C and -CH3 bonds of ethanol, in that order 409, 410 . Thus, Ni, allowing the difficult breaking of the C-C bond of ethanol, has been widely involved in the formulation of catalysts, in particular, as an active element for supported catalysts. It was reported very early that in the presence of Ni the activity of the catalysts increases very strongly, and makes it possible to move the conversion to a lower temperature.

And, the key to low temperature performance (down to 300 °C) has been proposed to be the dehydrogenation of ethanol to adsorbed CH3CHO species (CH3CHOads) [START_REF] Fatsikostas | Reaction Network of Steam Reforming of Ethanol Over Ni Based Catalysts[END_REF] . The very high activity of nickel has made it a good alternative to the use of noble metals, such as rhodium, a metal very active in ESR and OSRE but also very expensive. Thus, it has been reported in numerous publications that metallic nickel Ni 0 is the most active of the transition metals in ESR and OSRE [START_REF] Li | Catalytic reforming of oxygenates: state of the art and future prospects[END_REF][408][409][410][411][412][413][414] to that doped with Al (86 -96 %) and higher H2 percentage with lower acetaldehyde percentage when considering x values higher than 0.5. Al2O3 being acidic was more prone to deactivation destroyed and that a low calcination temperature of 300 °C allowed the formation of carbon deposits on spent catalysts which easily led to catalyst deactivation 420 . In contrast, carbon deposition on spent catalysts calcined at 900 °C exhibited higher crystallization or graphitization, which was not affecting catalytic reaction stability.

The mass of the catalyst has to be considered during OSRE depending on the rate of feed gases and the diameter of the reactor. The study of increasing mass of catalyst of CeNi2Zr0.5Oy and CeNi5Zr0.5Oy calcined compounds proves that an increase of mass from 30 mg to 60 mg only leads to the formation of more carbon. The amount of carbon formed increases from 16 to 68 mg/h.gcatalyst with CeNi2Zr0.5Oy (c) and from 0 to 9.2 mg/h.gcatalyst with CeNi5Zr0.5Oy (c).

Therefore, this value has to be optimized to avoid carbon formation and later possible deactivation of the system. The mass of catalyst used with respect to the feed amount affects the contact time during oxidative steam reforming. It has been reported that the amount of carbon should continuously increase as the space time increased leading to deactivation of the catalyst [START_REF] Da Silva | The effect of space time on Co/CeO2 catalyst deactivation during oxidative steam reforming of ethanol[END_REF] . However, due to the redox properties of the support, this did not happen, and was attributed the stability of these Ce based catalysts to the high oxygen mobility of ceria, allowing the oxidation of carbon deposits and keeping the active surface of the catalyst clean from carbon 422 .

Pretreatment of the catalyst in hydrogen plays a role in OSRE activity. Without pretreatment, the activation (starting) temperature under reaction stream of the catalyst must be raised till 250 °C (and in some cases to 280 °C) instead of 200 °C in addition to some carbon formation. The calcined binary compounds without pretreatment show better performance in OSRE when x ≤ 2 in terms of higher concentrations of hydrogen and carbon dioxide formed compared to those with pretreatment in hydrogen. However, at high Ni content where x = 5, 14 mg/h.gcatalyst of carbon are formed on binary catalysts without pretreatment in hydrogen gas. On the calcined catalysts doped with Zr, a pretreatment step can be more recommended when x = 1 and 2 to avoid carbon formation. However, on the dried catalysts doped with zirconium, when nickel content is low x = 0.5, lower ethanol conversion is obtained in addition to low H2 % (around 27 %) in products distribution. The temperature of in-situ pretreatment in hydrogen chosen for the catalyst prior to the oxidative steam reforming reaction is important to consider depending on the first TPR peak obtained for the catalysts. Using CeNi2Zr0.5Oy (c) as a catalyst, and with different pretreatment temperatures of 200 °C, 250 °C, 400 °C and 500 °C, only slight variations are obtained in products distribution and in none of them carbon is recorded. However, in literature, it has been shown on some compounds that when treatment temperature was increased, mesoporous structure of ceria collapsed and the pore structure was significantly distorted at temperatures over 400 °C followed by a significant decrease in surface area and pore volume of these catalytic materials as a result of the increase in treatment temperature 423 .

While the surface area of the catalyst pretreated (calcined/reduced) at 400 °C was of 82.8 m 2 /g, it decreased to 12.8 m 2 /g at the treatment temperature of 650 °C 423,[START_REF] Trovarelli | Nanophase fluorite-structured CeO2-ZrO2catalysts prepared by high-energy mechanical milling analysis of low-temperature redox activity and oxygen storage capacity[END_REF] . The catalysts studied in this thesis creates lattice defects however enough stable not to cause drastic distortion of the lattice and later failure of catalytic performance even at 500 °C (the maximum pretreatment temperature studied).

As a matter of minimizing energy consumption, low pretreatment temperatures in hydrogen are used (200 °C and 250 °C) and the best results are obtained on the binary and ternary catalysts with high Ni/Ce ratio (x = 5). However, for aluminum-based compounds, a pretreatment temperature of 300 °C allows to eliminate carbon formation even if, it triggers higher percentages of CO and CH3CHO (24.1 and 2.6 %, respectively) and lower H2 percentage (38.2 %) than those obtained with pretreatment temperature of 250 °C (42.7 % H2, 15.4 % CO and 2.1 % CH3CHO) when x = 1. It has been previously proposed that the previous reduction of the catalyst in hydrogen generates the metallic phase directly in the catalytically active form [START_REF] Santo | Bimetallic heterogeneous catalysts for hydrogen production[END_REF] and that the presence of catalysts with Ni particles can triple the particle size after this process as a result of metal sintering, which can lead to rapid deactivation of the catalytic system [START_REF] Santo | Bimetallic heterogeneous catalysts for hydrogen production[END_REF][START_REF] Moulijn | Catalyst deactivation: is it predictable?: what to do?[END_REF] .

However, here, all the catalysts are structurally and chemically stable whether binary or ternary, dried or calcined wherein, H2 percentage in products distribution remain almost not affected with and without the pretreatment process leading only to slight changes. Even in the absence of in-situ pretreatment in hydrogen for catalysts before OSRE, generally good ethanol conversions and products distribution percentages are obtained over time showing that the used material is able to produce readily partially reduced sites to initiate OSRE process., All of this point to the existence of a cooperative effect between cations, as was mentioned by other researches studying the promoting cooperative effect resulting by adding small amounts (1/15 molar ratio) of Ni, Fe, Cr, Re, Mn, W, Mo, V, and Ta oxides to a Co/Al2O3 catalyst on catalyst performance [START_REF] Santo | Bimetallic heterogeneous catalysts for hydrogen production[END_REF] . This effect helps to overcome the inherent problems or disadvantages of each active phase. And, thus the reduction of up to metallic state is avoided by the presence of strong interaction with other cations and thus leading to reactivation and regeneration of the sites through increased oxygen mobility and storage capacity which is compatible with Raman and XPS results after test.

The studied catalysts present great stability over time (with O2/EtOH ratio of 1.7) even after 31 hours under OSRE. The most interesting catalytic results are also conducted for 80 hours to prove the stability even for long term tests. Other groups of researchers reported a slight decrease in ethanol conversion for oxidative steam reforming of ethanol over a Ni-based ceriazirconia catalyst 174,[START_REF] Patel | Kinetic study of steam reforming of ethanol on Ni-based ceria-zirconia catalyst[END_REF] . The stability of the catalyst persisted over time due to the strong metaloxide interactions between metal and ceria that enhanced the transfer of oxygen-hydrogen species to the initially formed carbon residues and thus improved the oxidation of surface However, as presented in the bibliographical section, many reactions can be carried out in parallel with the oxidative steam reforming of ethanol (Equations below).

1) Dehydrogenation of ethanol: C2H5OH  CH3CHO + H2 equation (36) 2) Decomposition of ethanol into acetaldehyde: C2H5OH  C2H4O + H2 equation ( 37)

3) The decomposition of acetaldehyde: C2H4O  CH4 + CO equation (38) 4) Boudouard's reaction: 2 CO  C + CO2 equation ( 39 CHx species formation [START_REF] Fatsikostas | Reaction Network of Steam Reforming of Ethanol Over Ni Based Catalysts[END_REF] . Ethanol dehydration to ethylene is usually associated to acidic sites 429 . The dehydration and cyclization of ethylene on strong acid sites results in the formation of polynuclear hydrocarbons, which remain strongly adsorbed on acid sites causing loss of activity or form multilayer coke layers fouling the catalyst [START_REF] Bartholomew | fundamentals of industrial catalytic process[END_REF] . However, in our work, the formation of carbon through this route cannot be considered as ceria is known as a basic compound. With Boudouard reaction, it has been reported that at low temperatures (lower than 400 °C), CO decomposed to C and CO2, while at higher temperatures, between 500 and 800 °C, significant amounts of CO and CO2 were present, while above 1000 °C, almost all the CO2 reacted with C to form CO gas 431 . In our case, the catalytic bed temperature being less than 400 °C, Boudouard reaction tend to the direction of formation of carbon and carbon dioxide. However, since CO2 and H2 are the main products obtained by ideal oxidative steam reforming, CO2 becomes in excess with respect to the equilibrium of Boudouard's reaction, that can lead to a reverse reaction allowing the elimination of carbon by this route and thus formation of carbon monoxide [START_REF] Choong | Effect of calcium addition on catalytic ethanol steam reforming of Ni/Al2O3: I. Catalytic stability, electronic properties and coking mechanism[END_REF] . The route leading to carbon formation through decomposition of ethanol into acetaldehyde and its further decomposition to CO and CH4 can only lead to carbon formation through Boudouard's reaction also. Finally, the more probable route for carbon formation is through total decomposition of ethanol. The carbon produced by this process could also react back through the inverse of Boudouard's reaction and lead to its elimination and thus allowing to reach a carbon free process for hydrogen production. Some scientists tried to minimize the carbon deposition problem by adding hydrogen to the feed instead of oxygen to hydrogenate unsaturated compounds like ethene and therefore decrease the deposition of carbon 419 . The additional H 2 ensured that the catalyst was reduced under the reaction conditions. It was investigated that 433 addition of H 2 at H/C-ratios between 0 and 5 at S/C-ratio of 1.5 led to a decrease in hydrocarbon yield and carbon deposition on Ni/CeO 2 and Ni/Al 2 O 3 at 900 °C. In the present study, the stability of the materials and the auto regeneration of cations in the feed allows eventually to eliminate carbon formation (if this is the case) where at the same time, the hydrogen produced by the process can also lead to hydrogenation reaction leading to elimination of carbon. Oxygen introduced into the feed acts as a tool for carbon elimination in addition to the oxygen inside the lattice and in particular for ceria and Ce-Zr-O solid solution.

It has been reported that the higher resistance to carbon formation observed for the embedded catalysts was a consequence of the higher oxygen mobility in these materials and that the capacity of the support to transfer oxygen from its structure to the coked metal promoted the carbon removal mechanism 434,393 . Under oxygen, the carbon produced can burn into carbon The active site can be formed also under reaction mixture, as a slightly higher temperature is required to start the reaction (like 250 °C instead of 200 °C). The presence of ethanol in the reaction mixture, and in temperature can lead to similar site.

In our laboratory, a mechanism for the reduction of binary mixed oxides was proposed which takes into account the reduction of cerium 321 (Eq. 47 -49):

1) 2 Ce 4+ + O 2-+ H2 → 2 Ce 3+ + H2O + □ equation ( 47)

2) Ni 2+ + O 2-+ H2 → Ni 0 + H2O + □ equation ( 48)

3) 2 Ce 4+ + Ni 0 ↔ 2 Ce 3+ + Ni 2+ equation ( 49)

The partial reduction of the solid, during pretreatment in H2 at low temperature (200 -300 °C), with the increased formation of anionic vacancies allows the insertion of hydrogen atoms inside the solid. As a matter of fact, the heterolytic rupture of H2 on a set formed by an anionic vacancy and an O 2-ion (equation 50) has been proposed, with the evidence of the formation of nanooxyhydrides on these compounds [START_REF] Pirez | Highly Efficient and Stable CeNiHZOY Nano-Oxyhydride Catalyst for H2 Production from Ethanol at Room Temperature[END_REF][START_REF] Fang | Room temperature hydrogen production from ethanol over CeNixHzOy nano-oxyhydride catalysts[END_REF]105,157,238,323 . The elimination of hydroxyl groups can regenerate the site constituted of O 2-ions and anionic vacancy with the desorption of water (equation 51).

H2 + O 2-+ □ → OH -+ H - equation ( 50)

2 OH -→ O 2-+ H2O + □ equation ( 51)

The formation of the H -(hydride) species and their insertion into mixed oxides are based on mechanisms proposed in previous works carried out in the laboratory in particular on ceriumnickel based compounds and doped with Al or Zr 321,336,[435][START_REF] Ponchel | CeNixOy and CeAlzNixOy solids studied by electron microscopy, XRD, XPS and depth sputtering techniques[END_REF][437][438][439][440][441] . Highly reactive hydride species will react with O2 to generate hydroxyl groups (equation 52). The ability of the solid to abstract hydrogen species from ethanol is the important step. Even when the catalyst is not pretreated and reduced in H2, it exhibits a high redox system able to form oxygen vacancies and extracting hydrogen from ethanol once activated by temperature.

H -+ 0.5 O2 → OH - (equation 52)

The Ce and Zr based catalysts, known for their high oxygen mobility, allows it to give more promising catalytic performance [START_REF] Sahoo | Kinetic modeling of steam reforming of ethanol for the production of hydrogen over Co/Al2O3 catalyst[END_REF] than that of Al as mentioned before. The diffraction peaks of ZrO2 and Al2O3 were not found by XRD analysis of both fresh and spent catalysts where a solid solution with Zr or Al, Ni with ceria phase is formed. The presence of a solid solution of cerium and nickel and zirconium or aluminum makes it possible to increase strongly the oxygen mobility and thus the number of anionic vacancies created 393 . These mixed oxides based on ceria are known for their high oxygen storage capacity (OSC) and ability to store and release oxygen during reactions (redox properties). Moreover, the presence of Zr cations inside ceria phase further enhances the ceria OSC through the presence of the Ce-Zr-O solid solution, thermal and mechanical stability and promotes the water gas shift reaction 442,[START_REF] Dave | Renewable hydrogen generation by steam reforming of glycerol over zirconia promoted ceria supported catalyst[END_REF] and therefore in the OSRE, Ce and Zr based catalysts show better performance and greater stability and in particular, more visible when the conditions of low nickel content and oxygen molar ratio together are set together.

Finally, these different observations make it possible to propose an active site consisting of 2 cations in close interaction in the solid solution of Ce, Ni, Zr/Al (Figure 92). This model presents the advantage to be in good agreement with the synergetic effect observed when several cations with strong interactions are in presence in a mixed oxide. Metallic Ni 0 can also participate in the reaction when it is present; however, all the results obtained cannot be explained by simply attributing the activity to this species since no or low evidence of Ni 0

species is found by XPS on all compounds presenting high performance. However, carbon formation could be related to its presence. Based on the proposed active sites for CeNixOy and CeNixMnOy catalysts, the possible mechanism for ethanol transformation can be envisaged.

Molecular adsorption of ethanol on the active site is the primary step in this process 444,445 (equation 53), as can be observed from With an O2/EtOH ratio of 1.42, CeNixOy dried and calcined catalysts could only possess stability in OSRE over time when x ≥ 1 however by adding zirconium, stability of catalytic results over time is achieved. The best results obtained under these conditions are with CeNi1Oy and CeNi2Zr0.5Oy yet but with production of high amounts of carbon. Different O2/EtOH ratios of 1.42, 1.56 and 1.7 are adjusted and used under same conditions mentioned before with the calcined catalyst CeNi1Oy showing that the main effect obtained is on carbon formation such that a little change in this ratio (from 1.4 to 1.56 to 1.7) allows the carbon amount droping from OSRE. So, finally to limit carbon formation, the O2/EtOH ratio of 1.7 is then used in the OSRE reaction studied. It is investigated that the main products distribution percentages increase with the increase in nickel content while CO and CH4 decrease in both binary and ternary catalysts while maintaining total conversion of ethanol and stability of catalytic test over time (5 or 31 hours).

Without in-situ pretreatment in hydrogen, the activation temperature of the catalyst must be raised till 250 °C instead of 200 °C in addition to some carbon formation. With pretreatments of 200 °C, 250 °C, 400 °C and 500 °C, only slight variations are obtained in products distribution and in none of them carbon is recorded. As the objective of this study is to minimize the energetic consumption, some studies are conducted with a lower pretreatment temperature in hydrogen of 200 °C or 250 °C and others without pretreatment in hydrogen at all. In the case of catalysts without in-situ pretreatment in hydrogen, CeNixOy (c) and CeNixZr0.5Oy (c) catalysts require an activation temperature of 250 °C while CeNixZr0.5Oy (d) require an even higher temperature of 280 °C for activation. The calcined binary compounds without pretreatment show better performance in OSRE when x ≤ 2 in terms of higher concentrations of hydrogen and carbon dioxide formed compared to those with pretreatment in hydrogen however, at high

Ni content where x = 5, 14 mg/h.gcatalyst of carbon are formed. Furthermore, on the dried catalysts doped with zirconium without in-situ pretreatment in H2, when nickel content is low x = 0.5, lower ethanol conversion is obtained in addition to low H2 % (around 27 %) in products distribution. In-situ pretreatment in hydrogen (at 200 °C or 250 °C) gas allows to eliminate carbon formation on calcined Zr based catalysts when x = 1 and 2.

The zirconium-based catalysts with x ≤ 2 give better results with pretreatment temperature of 200 °C than that of 250 °C in terms of products distribution in the calcined series. However, at a higher Ni/Ce ratio of 5, this difference is no more noticeable and only slight variations are obtained with this little change in temperature. Similar results are obtained on the dried catalysts after pretreatment at 200 °C where it is shown that CeNi5Zr0.5Oy (d) gives the best results among the dried series with higher performance in OSRE. 100 % of ethanol conversion is obtained using this catalyst with 50.9 % H2, 40.8 % CO2, 6.9 % CO and almost 0.9 % of CH4 and 0.5 % CH3CHO in products distribution. Calcination allows to get better catalytic results on catalysts with low Ni content however with higher nickel content, no evident variations are observed.

All the studied compounds exhibit stability over 31 hours with no carbon formation except with CeNi2Zr0.5Oy (dried and calcined) yet does not exceed 12 mg/h.gcatalyst. The study of higher mass of catalyst is investigated on CeNi2Zr0.5Oy and CeNi5Zr0.5Oy calcined catalysts to reveal that an increase of mass from 30 mg to 60 mg only allows the formation of more carbon (from 16 to 68 mg/h.gcatalyst with CeNi2Zr0.5Oy (c) and from 0 to 9.2 mg/h.gcatalyst with CeNi5Zr0.5Oy (c)).

Doping the catalyst with Zr shows much higher conversion of ethanol (97-100 %) compared to that doped with Al (83-96 %) and better distribution of products in terms of higher H2 percentage and lower acetaldehyde percentage. However, at low Ni/Ce ratio (0. obtained by H2 treatment enable to completely convert ethanol (100 %) and produce H2 at room temperature through the oxidative steam reforming of ethanol (H2O/EtOH/O2 = 3:1:1.7). The energy released from the strong exothermic reaction between the hydride species stored in the catalysts is used to drive the reaction, which allows lowering the oven temperature down to only 50 °C. A huge variation of temperature between the catalyst bed and the oven therefore can be observed. In the meantime the hydride species are continuously formed from ethanol to make the reaction sustainable. The Ni content strongly affects the products distribution while the performance is mainly related to the hydrogen storage capacity of the solid depending also on the Ni content. Both catalytic systems show very good stability after about 80 h on stream.

The percentages between Ce 3+ and Ce 4+ vary after test however the main contribution corresponds to Ce 4+ cations. Raman analysis insures the increase of oxygen vacancies induced by the solids after test proving that the interactions between cations persist and even in higher proportion after test. Some evidence for graphitic type carbon is obtained followed by low evidence of metallic nickel (around 10 %) with CeNi5Zr0.5Oy (d) after test of 80 hours. Some The correlations between the physicochemical characterizations and the catalytic performances make it possible to conclude that the very important activity of the catalysts CeNix(M0.5)Oy, with M = Al or Zr, is due to the strong interactions existing between the nickel and the cerium cations (with aluminum or zirconium). Finally, taking into account all the results obtained, various discussions presented in the literature, as well as the structure of solids, an active site involving interacting Ni species strong with other cations, and a reaction mechanism involving hydride species are proposed. This active site belongs to a partially reduced catalyst (oxyhydride) involving an anionic vacancy, an O 2-species, and cations, which is formed during the in-situ H2 treatment or upon high starting temperature of the reaction. Ethanol can be heterolytically dissociated on such a site and converted to different products depending probably on the nature of the other cation in presence and also the number of anionic vacancies.

θ is the Bragg angle.

Surface area analysis (BET) analysis are carried out by physisorption of N2 at 77 K on a TriStar II 3020 machine. Before being analyzed, the samples are evacuated at 150 °C for 3 hours.

Raman analysis are carried out on a LabRam Infinity machine equipped with a Nd-YAG light source at λ = 532 nm and at room temperature.

Temperature-programmed reduction (TPR) analysis are performed on the MicroMeritics Autochem II Chemisorption Analyzer. Hydrogen consumption is measured using a TCD detector. The sample is treated in a mixture composed of 5 % hydrogen and 95 % argon at a flow rate of 30 ml.min -1 . The temperature is increased to 1000 °C at a rate of 10 °C per minute.

Relative content of oxide is determined with the use of an energy dispersive micro-XRay Fluorescence spectrometer M4 TORNADO (Bruker). This instrument is equipped with 2 anodes a Rhodium X-ray tube 50 kV/600 mA (30 W) and a Tungsten X-Ray tube 50 kV/700 mA (35 W). For sample characterization, the X-rays Rhodium with a polycapillary lens enabling excitation of an area of 200 μm was used. The detector used is a Silicon-Drift-Detector Si (Li) with <145 eV resolution at 100000 cps (Mn Kα) and cooled with a Peltier cooling (253 °K). The measurement is done under vacuum (20 mbar). The elements, that can be measured by this instrument unit range from sodium (Na) to uranium (U). Quantitative analysis is done using fundamental parameter (FP) (standardless). As elements are present in stoichiometric compounds, its formula is used for quantification of the weight percent of each element. For each sample 36 points (of 200 μm) were analyzed.

The XPS analysis are carried out using the PRAS platform (Regional Surface Analysis Platform) using a KRATOS Axis Ultra machine under ultra-vacuum using a twin Al X-ray source (1486.6 eV) at a pass energy of 40 eV. The solid is placed on copper tape and then the charging effects are adjusted using the fact that the contaminating carbon should be at 285.0 eV. To calculate the percentages of the components, the peaks are decomposed and integrated using the Casa software.

Experimental Representation:

All the experiments discussed below are performed with an H2O / EtOH equal to 3. The catalysts are previously pretreated in hydrogen with a flow rate of 33 ml/min at 250 °C overnight (unless mentioned that this step is skipped). After pretreatment, the line is purged with pure helium for 30 minutes (to avoid oxidation of the catalyst and remove H2), and later, N2, O2 and ethanol-water mixture are introduced through a vaporizer (where the flow rate of O2 and N2 gas together is 60 ml/min and that ethanol/water liquid flow is of 0.1 ml/min). After that, oxygen is introduced to the line with a flow rate of 28. 
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  nickel and platinum was used in this process in a packed (PBR) and fluidized bed reactors (FBR) for comparison (under these reaction conditions: H2O/C2H5OH = 4, O2/C2H5OH = 0.5, T = 500 °C) to show that in the fixed bed reactor, a faster deactivation and lower hydrogen yields were observed and that fluidized bed operation reduced carbon formation rate of almost 4 times. Moreover, coke selectivity decreases with time-on-stream and the carbon formation rate remained unchanged at steady conditions.

  Silva 191 et al. used a cobalt-based catalyst (16 %) supported on carbon nanofibers. He analyzed the influence of the reduction by reporting 2 catalysts, one not reduced and the other one reduced under hydrogen flow at 350 °C for one hour. They found that the reduction allows a total conversion to ethanol, against 90 % without reduction and that the percentage of hydrogen increases by 13 % with the reduction.

  fact, at low carbon to oxygen ratio, the conversion is higher. This is because the C/O composition affected the contribution of the total and partial oxidations of the oxidative steam reforming reactions and the optimized value varied with the catalyst used. The total and the partial oxidation of the ethanol reactions were favored under a low C/O value (C/O = 0.4). The total oxidation reaction dominated under a high concentration of oxygen (low C/O) and reduced the yield of hydrogen formation. When the C/O ratio was higher than 0.6, the low concentration of oxygen was not enough to support the partial oxidation reaction of ethanol and the conversion of ethanol dropped rapidly. The selectivities of hydrogen and other products as a function of the C/O ratio showed the optimal condition of hydrogen production at C/O = 0.6 for the La2Ce2-xNixO7-y catalyst 195 .

  depending on conditions. Since Rh and Ni have shown best catalytic performance in bio ethanol reforming towards hydrogen production, researches aimed to search for mechanisms occurring in OSRE based on these elements 28 . Starting from Rh, some results showed that the O-H bond of adsorbed ethanol initially dissociated to form surface ethoxy (CH3CH2O*, * denoting an adsorbed species); 294 the C-H bond then cleaved and led to the formation of acetaldehyde (CH3CHO*) and oxametallacycle (CH2CH2O*). This surface oxametallacycle could be the key intermediate for the cleavage of the C-C bond in the reforming process 295 . The surface oxygen (O*) promotes the cleavage of O-H bond of ethanol to form ethoxy and also altered the reaction path. This have been investigated on a Rh(100) surface 285 . Under high oxygen content, the key intermediates became acetaldehyde and acetate (CH3COO*), instead of oxametallacycle. In addition, it was indicated that the surface O* can promote the oxidation of the key residue CH* in the ethanol decomposition and played a crucial role in the OSR of ethanol 296, 297 .
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 44 Figure 4-b the OSRE reaction is not stable and the catalyst deactivates after around 4.5 hours lasting slightly for more time than the CeNi0.5Oy (c) catalyst (Figure 4-a). Ethanol conversion is fluctuating between 80 and 94 % with 46 % H2, 32 % CO2, 16 % CO, 1.1 % CH4 and 3.9 % CH3CHO in products distribution.
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 55 Figure 5. First, an analysis is carried out with CeNi0.7Oy (d) catalyst and the results are reported in Figure 5-a. With this Ni content, the reaction is deactivated after 2 hours only, in addition to the incomplete ethanol conversion during this time and the unstable products distribution of H2, CO2, CO, CH4 and CH3CHO.

Figure 6

 6 Figure 6 Ethanol conversion () and products distribution (H2 , CO2 , CO , CH4 , acetaldehyde □) on CeNixZr0.5Oy calcined catalysts in-situ pretreated in H2 at 250 °C. a) x = 0.5, b) x = 1 and c) x = 2. Conversion of O2 not reported is total (EtOH/H2O/O2/N2 = 1:3:1.4:N2).

Figure 7

 7 Figure 7 Ethanol conversion () and products distribution (H2 , CO2 , CO , CH4 , acetaldehyde □) on CeNixZr0.5Oy dried catalysts in-situ pretreated in H2 at 250 °C. a) x = 1 and b) x = 2. Conversion of O2 not reported is total (EtOH/H2O/O2/N2 = 1:3:1.4:N2)

  CeNi0.5Oy (c) (Figure4-a) catalyst the reaction deactivates fast however by adding Zr (CeNi0.5Zr0.5 (c)) (Figure6-a) the test can be initiated at 200 °C maintaining good stability over time. Comparing stabilities, CeNi0.5Zr0.5Oy (c) and CeNi1Zr0.5Oy (c) (Figure6-a and Figure6-b) calcined catalysts have better stabilities than CeNi0.5Oy (c) and CeNi1Oy (c) catalysts (Figure4--aand Figure4--c). Moreover, adding Zr plays an important role on carbon formation as it decreases carbon formation.

CeNi0

  

Figure 8

 8 Figure 8 Effect of O2/Ethanol ratio on conversion of ethanol, products distribution (%) and carbon formation (mg/h.g) for CeNi1Oy calcined catalyst pretreated in H2 at 250 °C.

Figure 9

 9 Figure 9 Ethanol conversion () and products distribution (H2 , CO2 , CO , CH4 , acetaldehyde □) on CeNixOy dried catalysts in-situ pretreated in H2 at 250 °C. b) x = 0.5, b) x = 1, c) x = 2 and d) x = 5. Conversion of O2 not reported is total (EtOH/H2O/O2/N2 = 1:3:1.7:N2).
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 10 Figure 10 Ethanol conversion () and products distribution (H2 , CO2 , CO , CH4 , acetaldehyde □) on CeNixOy (c) catalysts in-situ pretreated in H2 at 250 °C. b) x = 0.5, b) x = 1, c) x = 2 and d) x = 5. Conversion of O2 not reported is total (EtOH/H2O/O2/N2 = 1:3:1.7:N2).

Figure 11

 11 Figure 11 Conversion of ethanol, products distribution (%) and carbon formation on CeNixOy (c) catalysts where x = 0.5, 1, 2 or 5 after 5 hours in OSRE process (EtOH/H2O/O2/N2 = 1:3:1.7:N2). Conversion of O2 not reported is total.

Figure 12

 12 Figure 12 Ethanol conversion () and products distribution (H2 , CO2 , CO , CH4 , acetaldehyde □) during 31 hours on CeNixOy (c) catalysts in-situ pretreated in H2 at 250 °C. a) x = 0.5, b) x = 1, c) x = 2 and d) x = 5. Conversion of O2 not reported is total (EtOH/H2O/O2/N2 = 1:3:1.7:N2).

Figure 13

 13 Figure13summarizes the overall trend of products distribution and ethanol conversion after 31 hours as a function of increasing the Ni content on the calcined catalysts. The best catalytic results based on higher conversion of ethanol, main products distribution and lower by products concentrations are obtained using CeNi5Oy (c), the catalyst with the higher Ni content. In fact, this trend presents no change globally with time for the different CeNixOy (c) catalysts. For the catalysts where x = 2 and 5, the values of conversion and products distribution remain constant within time. CeNi1Oy (c) shows even higher conversion of ethanol and better products distribution after 31 hours (Table6) compared to those results obtained after only 5 hours (Table

Figure 13

 13 Figure 13 Conversion of ethanol, products distribution (%) and carbon formation on in-situ pretreated in H2 at 250 °C CeNixOy (c) catalysts where x = 0.5, 1, 2 and 5 after 31 hours in OSRE process. Conversion of O2 not reported is total (EtOH/H2O/O2/N2 = 1:3:1.7:N2).

Figure 14

 14 Figure 14 Ethanol conversion () and products distribution (H2 , CO2 , CO , CH4 , acetaldehyde □) during 31hours on CeNixOy (d) catalysts in-situ pretreated in H2 at 250 °C. b) x = 1 and b) x = 5. Conversion of O2 not reported is total (EtOH/H2O/O2/N2 = 1:3:1.7:N2).

Figure 15

 15 Figure 15 Ethanol conversion () and products distribution (H2 , CO2 , CO , CH4 , acetaldehyde □) during 5 hours on CeNixZr0.5Oy (d) catalysts in-situ pretreated in H2 at 250 °C. a) x = 0.5, b) x = 1, c) x = 2 and d) x = 5. Conversion of O2 not reported is total (EtOH/H2O/O2/N2 = 1:3:1.7:N2).

Figure 16

 16 Figure 16 Ethanol conversion () and products distribution (H2 , CO2 , CO , CH4 , acetaldehyde □) during 5 hours on CeNixZr0.5Oy (c) catalysts in-situ pretreated in H2 at 250 °C a) x = 0.5, b) x = 1, c) x = 2 and d) x = 5. Conversion of O2 not reported is total (EtOH/H2O/O2/N2 = 1:3:1.7:N2).

Figure 17

 17 Figure 17 Ethanol conversion () and products distribution (H2 , CO2 , CO , CH4 , acetaldehyde □) during 31 hours on CeNixZr0.5Oy (c) catalysts in-situ pretreated in H2 at 250 °C. a) x = 0.5, b) x = 1, c) x = 2 and d) x = 5. Conversion of O2 not reported is total (EtOH/H2O/O2/N2 = 1:3:1.7:N2).

Figure 18 .

 18 Figure 18. The products obtained on dried and calcined catalysts are differentiated in the figure legend by the different symbols d and c respectively. The Ni/MT ratios corresponding to each catalyst are presented in Table11.

Figure 20

 20 Figure 20 Products distribution and conversion of ethanol with a Toven = 50 °C on the CeNi2Zr0.5Oy calcined catalyst pretreated at different temperatures in H2. O2 conversion is total. Without pretreatment, the reaction started at 250 °C, with pretreatment the reaction starts at 200 °C. EtOH/H2O/O2/N2 = 1:3:1.7: N2. Each result after 5 hours of test.

  -b) shows a high stability over the 5 hours experiment. 98.3 % conversion of ethanol is obtained after testing similar to the value obtained with a pretreatment temperature of 250 °C. The products are distributed as follows: 41.3 % H2, 31.4 % CO2, 25.2 % CO, 1.2 % CH4 and 0.9 % CH3CHO. No carbon is formed. On CeNi2Zr0.5Oy calcined catalyst (Figure21-c) a good stability over time with complete conversion of ethanol is observed, with 49.5 % of H2, 38.3 % of CO2 in addition to 11.6 % CO, 0.5 % CH4 and 0.1 % CH3CHO. In comparison to the same catalyst pretreated at 250 °C (Table9), higher values are obtained for hydrogen and CO2 in products distribution and lower values are obtained for the by-products. Conversion of ethanol is not affected by this change of pretreatment temperature. At a nickel/cerium ratio of 5 (Figure21-d), using the CeNi5Zr0.5Oy calcined catalyst in-situ pretreated in H2 at 200 °C, total conversion is achieved similar to when the catalyst was pretreated at 250 °C. The percentage of formed hydrogen is of 50.1 %, with 39.1 % of CO2, 10.3 % of CO and 0.5 % of CH4. No traces of acetaldehyde are observed.

Figure 21

 21 Figure 21 Ethanol conversion () and products distribution (H2 , CO2 , CO , CH4 , acetaldehyde □) on CeNixZr0.5Oy calcined catalyst in-situ pretreated in H2 at 200 °C. a) x = 0.5, b) x = 1, c) x = 2 and d) x = 5. Conversion of O2 not reported is total (EtOH/H2O/O2/N2 = 1:3:1.7:N2).

Figure 22 -

 22 Figure 22-d shows similar results to other experiments performed on the zirconium series, with pretreatment temperature of 200 °C or 250 °C. The conversion of ethanol is almost complete over time.The highest percentage of produced H2 is obtained here in this series where it reaches around 51 % with 41 % CO2. The other products are distributed as follows: 6.9 % CO, 0.9 %

Figure 22

 22 Figure 22 Ethanol conversion () and products distribution (H2 , CO2 , CO , CH4 , acetaldehyde □) after 5 hours in OSRE on CeNixZr0.5Oy (d) catalyst in-situ pretreated in H2 at 200 °C. a) x = 0.5, b) x = 1, c) x = 2 and d) x = 5. Conversion of O2 not reported is total (EtOH/H2O/O2/N2 = 1:3:1.7:N2).

Figure 23

 23 Figure 23 Ethanol conversion () and products distribution (H2 , CO2 , CO , CH4 , acetaldehyde □) after 31 hours in OSRE on CeNixZr0.5Oy calcined catalyst in-situ pretreated in H2 at 200 °C. a) x = 0.5, b) x = 1, c) x = 2 and d) x = 5. Conversion of O2 not reported is total (EtOH/H2O/O2/N2 = 1:3:1.7:N2).

Figure 24

 24 Figure 24 Ethanol conversion () and products distribution (H2 , CO2 , CO , CH4 , acetaldehyde □) after 31 hours in OSRE on CeNixZr0.5Oy dried catalyst in-situ pretreated in H2 at 200 °C. a) x = 0.5, b) x = 1, c) x = 2 and d) x = 5. Conversion of O2 not reported is total (EtOH/H2O/O2/N2 = 1:3:1.7:N2).

Figure 25

 25 Figure 25 Ethanol conversion () and products distribution (H2 , CO2 , CO , CH4 , acetaldehyde □) after 31 hours OSRE on a) 30 mg and b) 60 mg CeNi2Zr0.5Oy calcined catalyst in-situ pretreated in H2 at 200 °C. Conversion of O2 not reported is total (EtOH/H2O/O2/N2 = 1:3:1.7:N2).

Figure 26

 26 Figure 26 Ethanol conversion () and products distribution (H2 , CO2 , CO , CH4 , acetaldehyde □) after 31 hours in OSRE on a) 30 mg and b) 60 mg CeNi5Zr0.5Oy calcined catalyst in-situ pretreated in H2 at 200 °C. Conversion of O2 not reported is total (EtOH/H2O/O2/N2 = 1:3:1.7:N2).

Figure 27

 27 Figure 27 Ethanol conversion () and products distribution (H2 , CO2 , CO , CH4 , acetaldehyde □) during 5 hours in OSRE on CeNixAl0.5Oy catalysts in-situ pretreated in H2 at 250 °C. a) x = 0.5, b) x = 1 and c) x = 2. Conversion of O2 not reported is total (EtOH/H2O/O2/N2 = 1:3:1.7:N2).

Figure 28 -

 28 b shows a very good stability of ethanol conversion and products distribution over time on CeNi1Al0.5Oy (c) catalyst unlike the CeNi0.5Al0.5Oy (c) catalyst that is affected by the slight change in temperature

Figure 28

 28 Figure 28 Ethanol conversion () and products distribution (H2 , CO2 , CO , CH4 , acetaldehyde □) during 5 hours in OSRE on CeNixAl0.5Oy catalysts in-situ pretreated in H2 at 300 °C. a) x = 0.5, b) x = 1 and c) x = 2. Conversion of O2 not reported is total (EtOH/H2O/O2/N2 = 1:3:1.7:N2).

Figure 29

 29 Figure 29 Conversion of ethanol and distribution of products at Toven = 50˚C and Tstart = 250 ˚C during 5 hours test under EtOH/H2O/O2/N2 = 1:3:1.7: N2 using the CeNixOy calcined catalysts without in-situ pretreatment in H2. a) x = 0.5, b) x = 1, c) x = 2 and d) x = 5. Ethanol conversion ♦, H2 , CO2 ○, CO •, CH4 ∆, acetaldehyde □.

Figure 30

 30 Figure 30 Ethanol conversion () and products distribution (H2 , CO2 , CO , CH4 , acetaldehyde □) during 5 hours on CeNixZr0.5Oy (c) without in-situ pretreatment in H2 , a) x = 0.5, b) x = 1, c) x = 2 and d) x = 5. Conversion of O2 not reported is total (EtOH/H2O/O2/N2 = 1:3:1.7:N2).

Figure 31

 31 Figure 31 Ethanol conversion () and products distribution (H2 , CO2 , CO , CH4 , acetaldehyde □) during 5 hours on CeNixZr0.5Oy (d) without in-situ pretreatment in H2 , a) x = 0.5, b) x = 1, c) x = 2 and d) x = 5. Conversion of O2 not reported is total (EtOH/H2O/O2/N2 = 1:3:1.7:N2).

Figure 32

 32 Figure 32 summarizes the conversion of ethanol, products distribution (%) and carbon formation as a function of Ni/MT ratio in CeNixZr0.5Oy dried catalysts without previous pretreatment in H2. Clearly, with the increase of Ni/MT, the conversion of ethanol increases as well as the percentage of H2 and CO2. The percentages of acetaldehyde and CO decrease with the increase of Ni/MT ratio. This trend is also followed by the binary and ternary catalysts mentioned before operating after a pretreatment in hydrogen at 200 °C and 250 °C.

Figure 32

 32 Figure 32 Ethanol conversion, products distribution (%) and carbon formation as a function of Ni/MT ratio in CeNixZr0.5Oy dried catalysts without previous pretreatment in H2. Ethanol conversion ♦, H2 , CO2 ○, CO •, CH4 , carbon formation ˟, acetaldehyde □.

Figure 33 II. 6 .

 336 Figure 33 Conversion of ethanol, products distribution (%) and carbon formation as a function of Ni/MT content in CeNixZr0.5Oy (c) and CeNixOy (c) catalysts without previous in-situ pretreatment in H2. H2 , ethanol conversion ♦, CO2 ○, CO •, CH4 , carbon formation ˟, acetaldehyde □. Binary catalysts in red column.

Figure 34

 34 Figure 34 Ethanol conversion () and products distribution (H2 , CO2 , CO , CH4 , acetaldehyde □) during 80 hours on CeNi5Zr0.5Oy with in-situ pretreatment in H2 at 250 °C, a) calcined catalyst b) dried catalyst. Conversion of O2 not reported is total (EtOH/H2O/O2/N2 = 1:3:1.7:N2).

Figure 35

 35 Figure 35 Ethanol conversion () and products distribution (H2 , CO2 , CO , CH4 , acetaldehyde □) during 80 hours on CeNi5Zr0.5Oy (d) without in-situ pretreatment in H2. Conversion of O2 not reported is total (EtOH/H2O/O2/N2 = 1:3:1.7:N2).

Figure 36

 36 Figure 36 Ethanol conversion () and products distribution (H2 , CO2 , CO , CH4 , acetaldehyde □) during 80 hours on CeNi2Al0.5Oy (c) with in-situ pretreatment in at 300 °C, a) x = 0.5, b) x = 1, c) x = 2 and d) x = 5. Conversion of O2 not reported is total (EtOH/H2O/O2/N2 = 1:3:1.7:N2)

Figure 38 and

 38 Figure38and Figure39show the X-Ray diffraction patterns obtained for CeNixOy calcined and dried catalysts respectively (where x = 0.1, 0.5, 1, 2, and 5). The ceria like phase (34-0394 JCPDS file) having the fluorite structure, presents diffraction patterns with the main one at around28.5° (2θ°) clearly visible in all the calcined samples whatever the ratio of Ni is. The position of the main ceria peaks in each catalyst are exactly precised inTable 27 and 28. The 

  CeO2 phase becomes broader due to the decrease of average crystallite size of CeO2. Moreover, the ceria peak position shifts to higher 2  values when adding Ni compared to simple CeO2, showing a compression of the lattice. This is attributed to the substitution of Ce 4+ cations by Ni 2+ cations (smaller in size) inside the CeO2 lattice and so to the formation of Ce-Ni-O solid solution. The presence of smaller NiO nano-crystallites which are not visible by XRD cannot be denied as a reduction signal can still be detected previously with TPR on samples with low Ni content. In fact, crystallites with a size smaller than 2 nm could be difficult to detect by XRD (because of the limits of detection). These nano-crystallites could be well dispersed in the presence of ceria phase 311 . The average crystallites size of NiO and CeO2 in CeNixOy calcined catalysts, measured using the Scherrer equation are presented in Table27. The simple CeO2 and NiO oxides are reported for comparison. The average crystallites sizes are found between 11 and 14 nm for NiO and between 5 -7 nm for CeO2 in CeNixOy (c).

Figure 38 XRD

 38 Figure 38 XRD patterns of CeNixOy calcined catalysts: a) CeO2, b) x = 0.1, c) x = 0.5, d) x = 1, e) x = 2 and f) x = 5 . CeO2 phase (♦), NiO phase (•).

  5 and 2), a magnification of the XRD patterns is presented in Figure 40. Broadening of the CeO2 peaks is observed in agreement with the decrease of measured average crystallites size of CeO2 321-323 .

Figure 39 XRD

 39 Figure 39 XRD patterns of CeNi x O y (d) catalysts: a) CeO 2 , b) x = 0.1, c) x = 0.5 , d) x = 1, e) x = 2 and f) x = 5 . CeO 2 phase (♦), Ni(OH)2 phase ().

Figure 40

 40 Figure 40 Magnification on XRD patterns of c) CeNi0.5Oy and e) CeNi2Oy (d) catalysts.

Figure 42 ,

 42 Figure 42, respectively. In fact, this technique permits to have an idea about the structure and oxygen vacancy defects. The Raman spectra show different signals noted here as signal 1 (S1), signal 2 (S2) and signal 3 (S3) along with the F2g ceria peak. A magnification of the spectra of dried CeNi0.1Oy and CeNi0.5Oy catalysts is done in Figure43to show the presence of signal S1 and S2. The positions of these signals are precised in Table29 and Table 30 for the calcined

Figure 41

 41 Figure 41 Raman spectra of CeNixOy calcined catalysts: a) x = 0.1, b) x = 0.5, c) x = 1, d) x = 2 and e) x = 5. (F2g: ceria peak position).

Figure 42

 42 Figure 42 Raman spectra of dried CeNixOy (d) catalysts: a) x = 0.1, b) x = 0.5, c) x = 1, d) x = 2 and e) x = 5.

Figure 43

 43 Figure 43 Raman spectra magnification of a) CeNi0.1Oy (d) and b) CeNi0.5Oy (d) catalysts.

Figure 44 TPR

 44 Figure 44 TPR profiles for CeNixOy (c) catalysts: a) x = 0.1, b) x = 0.5, c) x = 1, d) x = 2 and e) x = 5.

Figure 45

 45 Figure 45 Hydrogen consumption in TPR as a function of Ni content of CeNixOy (c) catalysts Ni/MT = x/(x+1).

Figure 46 TPR

 46 Figure 46 TPR profiles for CeNixOy (d) catalysts: a) x = 0.1, b) 0.5, c) , d) 2 and e) 5.

Figure 47

 47 Figure 47 Hydrogen consumption in TPR as a function of Ni content of CeNixOy (d) catalysts Ni/MT=x/(x+1).

Figure 48 and

 48 Figure 48 and Figure 49 represent XPS spectra for the different calcined and dried binary catalysts with different Ni contents. The binding energies corresponding to Ce, Ni, O and carbon are presented below in Table33 and Table 34. Previous studies performed on CeO2

  -1 and Figure 49-1), these doublets, which are ascribed to Ce 4+ ions in CeO2, are easily noticed regardless of the content of Ni. Different signals can be observed for Ce 3d mainly at the following positions close to 882, 898, 901 and 917 eV. The positions of these signals vary slightly from one catalyst to another. These band shapes are less broad and more intense when the Ni loading is low in the catalyst. The Ce species bind along with oxygen species present in the solid, and through oxygen bonds with other cations like Ni species when forming a solid solution. Previous studies performed in our lab stated that some of the Ni 2+ specieswe inserted in the solid solution with ceria and with ceria-zirconia 321 . The peak appearing at around 917 eV is the characteristic peak of Ce 4+ 343 . Ni 2p XPS spectra (Figure 48-2 and Figure 49-2, Tables

  It has been interpreted by a plasmon loss on the surface related to a two hole loss c3d 9 4s 2 final state effect as a characteristic presence of Ni 2+ species[START_REF] Grosvenor | New interpretations of XPS spectra of nickel metal and oxides[END_REF] . The change of binding energies than those found in literature (861 eV) for the simple NiO oxide proves the strong interactions between the cations in the solid. It has to be noted that on the dried catalysts, the absence of the peak at around 853 eV is probably due to the fact of dominance of metallic hydroxides at this step before calcination. Ni 2p1/2 peaks can also be seen at around 881eV. The Ni 2p3/2 bands exhibit line broadening effect as the Ni content increases giving an indication of the existence of different Ni species interacting with other metallic cations.

Figure 48 XPS

 48 Figure 48 XPS spectra of a) CeNi0.1Oy, b) CeNi0.5Oy, c) CeNi1Oy, d) CeNi2Oy and e) CeNi5Oy calcined catalysts. 1) Ce 3d, 2) Ni 2p3/2 , 3) O 1s and 4) C 1s.

Figure 52 and

 52 Figure52and Figure53group together the diffractograms of the CeNixZr0.5Oy ternary calcined and dried catalysts respectively. Starting from CeNixZr0.5Oy (c) lets us observe two different phases: ceria phase is always observed, that could correspond to a solid solution of ceriazirconia and a phase corresponding to NiO. As with binary catalysts, the NiO phase is increasingly intensified when the nickel content increases. Both phases, CeO2 and NiO, appear even when the nickel content is low (in the studied series). The position of the main peak of ceria in each of simple CeO2 (c) and CeNixZr0.5Oy (c) are precised in Table40. The main XRD diffraction pattern of ceria lies at around 28° (2θ°). The average crystallites size of CeO2 is found at 4 nm in the ternary compounds which is almost half the size obtained for the simple CeO2 (9 nm). The average crystallites size of NiO is found at 13 nm. All these values are calculated using Scherrer equation.

Figure 52 XRDFigure 53

 5253 Figure 52 XRD patterns of CeNixZr0.5Oy calcined catalysts: a) CeO2, b) x = 0.5, c) x = 1, d) x = 2 and e) x = 5 . CeO2 phase (♦), NiO phase (•).

Figure 54

 54 Figure 54 Raman spectra for CeNixZr0.5Oy calcined catalysts: a) x = 0.5, b) x = 1, c) x = 2 and d) x = 5.

  for dried CeNixZr0.5Oy catalysts are shown in Figure 55. The F2g peak appears for all the samples in a range between 451 and 460 cm -1 which agrees with the presence of nano-crystallized ceria. However, for the dried ternary Zr based compounds, this peak is shifted mainly to lower values compared to CeO2, as it was observed on binary Ce-Ni compounds. The peak shifts the most when the Ni content increases to x = 5 (451 cm -1 ) which supports the fact that the Ni species are being inserted in the form of a solid solution with ceria and thus creating a wavenumber shift. The wavenumbers of the signals created by the different dried and ternary samples are presented in Table

Figure 55

 55 Figure 55 Raman spectra for CeNixZr0.5Oy dried catalysts: a) x = 0.5, b) x = 1, c) x = 2 and d) x = 5.

Figure 56 TPR

 56 Figure 56 TPR profiles for CeNixZr0.5Oy (c) catalysts: a) x = 0.5, b) x = 1), c) x = 2 and d) x = 5.

Figure 57

 57 Figure 57 Hydrogen consumption in TPR as a function of Ni content of CeNixZr0.5Oy (c) catalysts Ni/M T = x/(x+1).

Figure 58 TPR

 58 Figure 58 TPR profiles for CeNixZr0.5Oy (d) catalysts: a) x = 0.5, b) x = 1), c) x = 2 and d) x = 5.

Figure 59

 59 Figure 59 Hydrogen consumption in TPR as a function of Ni content of CeNixZr0.5Oy (d) catalysts Ni/M T = x/(x+1).

  8 and 916.6 eV. Other characteristics signals for cerium are present at around 901, 898 and 882 eV. This has also been shown previously on Zr compounds 351 . For O 1s, intense peaks appearing at around 529.5 eV are related to O 2-species present in the metallic oxides. Another peak at around 531 eV is assigned to oxygen bonded as hydroxides. Those peaks increase clearly on both calcined and dried catalysts with the increase in Ni content. This is in good agreement with XRD and Raman, where the peaks related to metallic oxides are increasing with Ni content. The intensity of these 2 signals do not change with respect to each other and with respect to the different nickel content present in these Zr doped catalysts. Regarding Zr 3d core levels, 2 asymmetric bands appear at 182 and 184 eV related to Zr 3d5/2 and Zr 3d3/2 energy levels showing well the presence of Zr 4+ cations. A doublet peak appears in the region of Ni 2p3/2 core level due to Ni 2+ species present in the calcined catalysts 354 . One of them appearing at 855 eV and the second at 853 eV are characteristics of the different Ni 2+ species present at the surface of the catalyst. The main satellite peak is located at 860.8 around eV. The positions of these signals do not change with nickel content.

Figure 60 XPS

 60 Figure 60 XPS spectra of a) CeNi0.5Zr0.5Oy, b) CeNi1Zr0.5Oy, c) CeNi2Zr0.5Oy and d) CeNi5Zr0.5Oy calcined catalysts. 1) Ce 3d, 2) Ni 2p3/2, 3) Zr 3d, 4) O 1s and 5) C 1s.

Figure 61 XPS

 61 Figure 61 XPS spectra of a) CeNi0.5Zr0.5Oy, b) CeNi1Zr0.5Oy, c) CeNi2Zr0.5Oy and d) CeNi5Zr0.5Oy (d) catalysts. 1) Ce 3d, 2) Ni 2p3/2, 3) Zr 3d, 4) O 1s and 5) C 1s.

Figure 62

 62 Figure 62 variation of surface Ni/MT ratio as a function of bulk Ni/MT ratio. CeNixZr0.5Oy calcined catalysts (•). CeNixZr0.5Oy dried catalyst (□).

Figure 64 XRD

 64 Figure 64 XRD patterns for CeNixAl0.5Oy where a) CeO2, b) x = 0.5, c) x = 1 and d) x = 2.

Figure 66

 66 Figure 66 represents the results of TPR analysis of CeNixAl0.5Oy calcined catalysts and 3

Figure 66 TPR

 66 Figure 66 TPR profiles for CeNixAl0.5Oy calcined catalysts: a) x = 0.5, b) x = 1) and c) x = 2.

Figure 67

 67 Figure 67 Hydrogen consumption in TPR as a function of Ni content of CeNixAl0.5Oy calcined catalysts, Ni/MT = x/(x+1).

  185-360 (314) 365-855 (499.6) 885-1000 (913) III.4.5. XPS analysis for CeNixAl0.5Oy calcined catalysts In this part, the XPS analysis of the CeNixAl0.5Oy catalysts are presented, in particular the regions of Ce 3d, Al 2p, Ni 2p3/2 and O 1s. The results are represented in Figure 68. Al 2p that has a binding energy very close to Ni 3p is reported together to show the eventual perturbation (Figure 68-3). The Al 3+ species are present at the surface as shown by the Al 2p peak found at around 74 eV. Analysis of Ni 2p3/2 spectra reveal the presence of 2 different environments for Ni 2+ , either in solid solution (or strong interactions) or in NiO. The binding energies corresponding to each are represented in Table 54. The satellite peak for nickel appears at 861.2 -861.6 eV and the other signal appears at around 855.5 -855.7 eV for the different calcined Al catalysts.Concerning O 1s, in Figure68-4, two different environments exist verified by the presence of 2 peaks. The first peak exists at a position between 529.3 -529.8 eV, corresponds to the presence of O 2-species, in agreement with the presence of an oxide and with the ceria phase observed in XRD. The second peak at 531.3 eV for catalysts with x = 0.5 and 1 and at 532 eV when x = 2 corresponds to the presence of oxygen species in connection with the presence of OH -groups on the surface of the catalyst. The spectra of Ce 3d can be divided into 3 spin orbitals as mentioned before on binary and ternary Zr based compounds. These orbitals are denoted by (u, v), (u'', v'') and (u''', v''').

Figure 68 XPS

 68 Figure 68 XPS spectra of a) CeNi0.5Al0.5Oy, b) CeNi1Al0.5Oy and c) CeNi2Al0.5Oy calcined catalysts. 1) Ce 3d, 2) Ni 2p3/2, 3) Al 2p and Ni 3p, 4) O 1s and 5) Ni/MT in bulk versus Ni/MT on surface.

2p3/ 2 ,

 2 Ce 3d and O 1s. Therefore, XPS results show the presence of Ni 2+ cations presenting strong interactions with other cations (Ce 4+ , Ce 3+ , Al 3+ ), together with the presence of O 2- species and hydroxyl groups at the surface 360 . The Ni /MT ratio on the surface as a function of Ni /MT in mass shown in Figure 68-5 shows that the obtained points follow the dotted line. This is an indication that the amount of Ni on the surface is very close to the amount of Ni in the bulk of the catalysts and thus a homogeneous distribution of Ni in the solid is obtained.

Figure 69

 69 Figure 69 Raman spectra for CeNixOy calcined catalysts after 31 hours test with a pretreatment in H2 at 250 °C: a) x = 0.5, b) x = 1, c) x = 2 and d) x = 5.

Figure 70

 70 Figure 70 Raman spectra in the carbon region for CeNixOy calcined catalysts after 31 hours test with a pretreatment in H2 at 250 °C: a) x = 0.5, b) x = 1, c) x = 2 and d) x = 5.

Figure 72

 72 Figure 72 Raman spectra for CeNixZr0.5Oy calcined catalysts after 31 hours test with a pretreatment in H2 at 250 °C: a) x = 0.5, b) x = 1, c) x = 2 and d) x = 5.

Figure 73

 73 Figure 73 Raman spectra in the carbon region for CeNixZr0.5Oy calcined catalysts after 31 hours test with a pretreatment in H2 at 250 °C: a) x = 0.5, b) x = 1, c) x = 2 and d) x = 5.

Figure 74 XPS

 74 Figure 74 XPS spectra for CeNixZr0.5Oy calcined catalysts after test for 31 hours with a pretreatment in H 2 at 250 °C: a) x = 0.5, b) x = 1, c) x = 2 and d) x = 5. 1) Ce 3d, 2) Ni 2p3/2, 3) Zr 3d, 4) O 1s and 5) C 1s. Table 60 Binding energies for the different XPS signals obtained for CeNixZr0.5Oy calcined catalysts after test for 31 hours with a pretreatment in H2 at 250 °C: a) x = 0.5, b) x = 1, c) x = 2 and d) x = 5.

Figure 75

 75 Figure 75 Raman spectra for CeNi5Zr0.5Oy (c) catalysts after test of 80 hours with a pretreatment in H2 at 250 °C in a) ceria region and b) carbon region.

Figure 76 XPS

 76 Figure 76 XPS spectra for CeNi5Zr0.5Oy calcined catalyst after test for 80 hours with a pretreatment in H2 at 250 °C. 1) Ce 3d, 2) Ni 2p3/2, 3) Zr 3d, 4) O 1s and 5) C 1s.

Figure 77

 77 Figure 77 Raman spectra for CeNixZr0.5Oy calcined catalysts after 31 hours test with a pretreatment in H2 at 200 °C: a) x = 0.5, b) x = 1, c) x = 2 and d) x = 5.

Figure 78

 78 Figure 78 Raman spectra in the carbon region for CeNixZr0.5Oy calcined catalysts after 31 hours test with a pretreatment in H2 at 200 °C: a) x = 0.5, b) x = 1, c) x = 2 and d) x = 5. Table 65 Raman signal positions for CeNixZr0.5Oy calcined catalysts after 31 hours test with a pretreatment in H2 at 200 °C: a) x = 0.5, b) x = 1, c) x = 2 and d) x = 5.

Figure 79 XPS

 79 Figure 79 XPS spectra for CeNixZr0.5Oy calcined catalysts after test for 31 hours with a pretreatment in H 2 at 200°C: a) 0.5, b) x=1, c) x=2 and d) x=5. 1) Ce 3d, 2) Ni 2p3/2, 3) Zr 3d, 4) O 1s and 5) C 1s. Table 66 Binding energies for the different XPS signals obtained CeNixZr0.5Oy calcined catalysts after test for 31 hours with a pretreatment in H2 at 200 °C: a) x = 0.5, b) x = 1, c) x = 2 and d) x = 5.

Figure 80

 80 Figure 80 Raman spectra for CeNi5Zr0.5Oy (d) catalysts after test of 80 hours with a pretreatment in H2 at 250 °C in a) ceria region and b) carbon region.

Figure 81

 81 Figure 81 XPS spectra for CeNi5Zr0.5Oy dried catalyst after test for 80 hours with a pretreatment in H2 at 250 °C. 1) Ce 3d, 2) Ni 2p3/2, 3) Zr 3d, 4) O 1s and 5) C 1s.

Figure 82

 82 Figure 82 Raman spectra for CeNixZr0.5Oy dried catalysts after 31 hours test with a pretreatment in H2 at 200 °C: a) x = 0.5, b) x = 1, c) x = 2 and d) x = 5.

Figure 83

 83 Figure 83 Raman spectra in the carbon region for CeNixZr0.5Oy dried catalysts after 31 hours test with a pretreatment in H2 at 200 °C: a) x = 0.5, b) x = 1, c) x = 2 and d) x = 5. Table 71 Raman signal positions for CeNixZr0.5Oy dried catalysts after test with a pretreatment in H2 at 200 °C: a) x = 0.5, b) x = 1, c) x = 2 and d) x = 5.

Figure 84 XPS

 84 Figure 84 XPS spectra for CeNixZr0.5Oy (d) catalysts after test for 31 hours with a pretreatment in H 2 at 200 °C: a) x = 0.5, b) x = 1, c) x = 2 and d) x = 5. 1) Ce 3d, 2) Ni 2p3/2, 3) Zr 3d, 4) O 1s and 5) C 1s.

Figure 85

 85 Figure 85 Raman spectra for CeNi5Zr0.5Oy (d) catalysts after test of 80 hours without pretreatment in H2 in a) ceria region and b) carbon region.

Figure 86 XPS

 86 Figure 86 XPS spectra for CeNi5Zr0.5Oy (d) catalysts after test for 80 hours without pretreatment in H 2 . 1) Ce 3d, 2) Ni 2p3/2, 3) Zr 3d, 4) O 1s and 5) C 1s.

Figure 87

 87 Figure 87 Raman spectra for CeNixAl0.5Oy calcined catalysts after 5 hours test with a pretreatment in H2 at 250 °C: a) x = 0.5, b) x = 1, c) x = 2 and d) x = 5.

Figure 88

 88 Figure 88 Raman spectra in the carbon region for CeNixAl0.5Oy calcined catalysts after 5 hours test with a pretreatment in H2 at 250 °C: a) x = 0.5, b) x = 1, c) x = 2 and d) x = 5. Table 77 Raman signal positions for CeNixAl0.5Oy calcined catalysts after 5 hours test with a pretreatment in H2 at 250 °C: a) x = 0.5, b) x = 1, c) x = 2 and d) x = 5.

Figure 89

 89 Figure 89 XPS spectra for CeNixAl0.5Oy calcined catalysts after test for 5 hours with a pretreatment in H 2 at 250 °C: a) x = 0.5, b) x = 1 and c) x = 2. 1) Ce 3d, 2) Ni 2p3/2, 3) Al 2p -Ni 3p, 4) O 1s and 5) C 1s.

Figure 90

 90 Figure 90 Raman spectra for CeNi2Al0.5Oy calcined catalysts after test of 80 hours with a pretreatment in H2 at 300 °C in a) ceria region and b) carbon region.

Figure 91 XPS

 91 Figure 91 XPS spectra for CeNi2Al0.5Oy calcined catalyst after test for 80 hours with a pretreatment in H2 at 300 °C. 1) Ce 3d, 2) Ni 2p3/2, 3) Al 2p -Ni 3p, 4) O 1s and 5) C 1s.

Different

  Ni 2+ species are reducible according to the TPR analysis: those with strong interaction in solid solution of cerium and nickel (and Al, or Zr), those of small NiO nanoparticles possibly present (not visible by XRD), and larger NiO nanoparticles observed in XRD (not observed when x = 0.1. The good linearship between H2 consumption and Ni amount of the catalysts proves the good incorporation of Ni inside the compounds and thus a successful coprecipitation when preparing the catalyst. Different analysis (Raman, TPR and XPS) agree on the presence of a Ni-Ce-(M)-O solid solution. XPS analysis show the presence of two environments for Ni 2+ cations: in NiO and in strong interaction with cations of different nature. An extensive study gives for the binary catalysts a correlation between the nickel content and the percentage of each of these two environments: the higher the nickel content, the greater the percentage of Ni 2+ in NiO environment. All the obtained results agree with the presence of small nanoparticles and the solubility of Ni 2+ into CeO2 creating anionic vacancies. XPS insures the existence of O 2-lattice oxygen like in oxides of NiO and CeO2 and oxygen species related to hydroxyl groups (OH -) Before test only Ni 2+ species are present in all samples.

  carbon and prevented the metal crystallites from encapsulation by carbon species428 . The high stability and activity of the catalyst used here is supported by the high oxygen storage-release capacity of Ce-Ni-(Al, Zr)-O solid solution, which can help in carbon removal along with presence of ceria solids having large amount of labile oxygen together with the presence of oxygen gas in OSRE thus avoiding the pathway of deactivation by carbonaceous deposits, and/or can present active sites that are enough selective to avoid carbon formation. In addition, the incorporation of Zr, Al and Ni cations in CeO2 enhances its lattice defects and the improved defect densities promote dissociation of water by forming bridging OH group as well as help to dissociate adsorbed ethanol molecules by forming Type II ethoxy species285, 294 . This cooperative effect is validated by characterizing these catalysts by Raman and XPS techniques after test that ensures the persistence of these cations and their continuous transformation from one oxidative state to another by reduction and oxidation and the oxygen vacancies attributed to this process. More defects and oxygen vacancies are introduced into the lattice leading to shifts and broadness in the main F2g ceria peak and appearance of typical Raman peaks.Variations in percentages of Ce 3+ and Ce 4+ are observed after test however the main species are found in the more oxidized state. Low evidence of metallic nickel is observed with CeNi5Zr0.5Oy (d) after test of 80 hours, on CeNi5Zr0.5Oy (c) with pretreatment in H2 at 250 °C (after 80 hours) and pretreatment in H2 at 200 °C (after 31 hours). All these experiments prove good tendency towards carbon elimination where no carbon is formed in almost all the conditions. In this context, in accordance to the present studies, the participation of nickel appears mainly in contribution to Ni 2+ oxidation state as reported in all XPS results after test (with some exceptions evidencing formation of metallic nickel). The increase of Ni content allowing to reach better OSRE results is related to the well maintaining of the Ni 2+ cations during the OSRE process.The objective of this study is to promote the products of the oxidative steam reforming reaction of ethanol (H2 and CO2) while minimizing the percentage of CO in the distribution of products as well as the formation of carbon. The main reactions that can occur during the reaction are shown in the following equations:Steam reforming of ethanol: C2H5OH + 3 H2O  6 H2 + 2 CO2 equation(33) Partial oxidation of ethanol: C2H5OH + 1.5 O2  3 H2 + 2 CO2 equation(34) And thus, the oxidative steam reforming of ethanol is:C2H5OH + a H2O + b O2  c H2 + d CO2 equation(35) 

) 5 ) 7 ) 42 ) 8 ) 43 ) 9 )

 57428439 Hydrogenation of carbon monoxide: CO + 3 H2  CH4 + H2O equation(40) 6) The water gas shift: CO + H2O  CO2 + H2 equation (41) Dehydration of ethanol to ethylene: C2H5OH  C2H4 + H2O equation (The total decomposition of ethanol: C2H5OH  C + CO + 3 H2 equation (Hydrogenation of carbon dioxide: CO2 + 4 H2  CH4 + 2 H2O equation (44) These reactions generate product distributions that are very different from those obtained for an ideal oxidizing steam reforming. This explains why, depending on the reaction parameters and depending on the catalyst, totally different results can be obtained. The routes for carbon formation are mainly the following: (a) the ethanol dehydration to ethylene, followed by polymerization to coke; (b) the Boudouard reaction; and (c) the decomposition reaction and

  presence of oxygen can also slow down both the adsorption of H2 on Ni sites hindering the reduction of Ni 2+ into Ni 0 , and the adsorption of CO or CH4 products by formation of oxidative products (CO2 and CO). And in case when carbon is formed, it prevents the dissolution of gasified carbon in Ni particles and further diffusion through the metal, hindering the nucleation and growth of filamentous coke 179 . Based on all the above results discussed, it is reasonable to conclude that CeNixOy and CeNixMnOy catalysts have the same active species. That is the Ni cations strongly interacting with Ce cations in binary CeNixOy compounds and the Ni cations showing strong interactions with Ce and Zr or Al cations in ternary compounds. Such active Ni species either in the solid solution of Ce-Ni-O and Ni-Zr-(Al)-O and/or at the interface of small nanoparticles of NiO, CeO2, or Ni-Zr-(Al)-O, can be easily reduced and reoxidized due to the strong interactions between Ni 2+ cations and other cations (Ce 4+ , Ce 3+ , Zr 4+ and Al 3+ ) in the oxide catalyst.Therefore, Ni-based mixed oxides with the same proportion of Ni among the metals (molar ratio) can demonstrate very similar catalytic performances for OSRE, but the selectivity and stability can be affected by the presence and nature of other elements. Therefore, it can proposed that the active and selective site belongs to a partially reduced catalyst (oxyhydride) involving an anionic vacancy, an O 2-species, and cations, which is formed during the in-situ H2 treatment.

Figure 92 .Figure 92

 9292 Figure 92 Proposition of active site on CeNix(M0.5)HzOy nano-oxyhydride catalyst for EtOH activation. Ni 2+ , Ce 3+ , Zr 4+ or Al 3+ can replace a Ce 4+ cation in the solid solution. ◻: anionic vacancy (position and number arbitrary).



  The formed hydroxyl groups, can further be used for transformation of ethanol to CO2 and H2 as it has been shown that abundant OH -groups favor CO transformation to CO2 by water gas shift (equation 56)[START_REF] Liu | Elucidating the interaction between Ni and CeOx in ethanol steam reforming catalysts: A perspective of recent studies over model and powder systems[END_REF] .CO + H2O → CO2 + H2 (equation 56)Besides, water can be also dissociated on an anionic vacancy and an O 2-species of the solid (equation 57). As a matter of fact, it has been shown that water dissociation can be realized when Ni2+ species can be stabilized in strong interaction298 .The high reactivity of hydride species permits consumption of O2 and then finally transformation of O2 into the selective OH - species (equation 52) and then into O 2-species which regenerate the active sites (equation 51).H2O + O 2-+ □ → 2 OH - (equation57) Hydrogen gas production by catalytic transformation of bio-ethanol is studied over Ni-based mixed oxide catalysts, CeNixOy and CeNixM0.5Oy where M = Al or Zr and x = 0.5, 1, 2 or 5. The catalysts are prepared by coprecipitation and analyzed by different methods. Elemental analysis proves the good preparation of these catalysts and their appropriate elemental composition. CeNixOy catalysts have a higher specific surface area for dried catalysts (81 to 198 m 2 /g) than calcined ones (60 and 134 m 2 /g). The specific surface area of dried Zr-based catalysts is estimated to be between 186 and 112 m 2 /g, larger than those of calcined Zr-based catalysts that have a specific surface area between 71 and 130 m 2 /g. Concerning Al-based compounds, this area is estimated to be between 125 and 154 m 2 /g. Regardless of the catalyst, binary or ternary, dried or calcined, the ceria phase is present and has an average crystallites size between 3-5 nm. CeO2 XRD diffraction patterns become broader following the decrease in CeO2 average crystallites size. NiO phase is not always present at low Ni ratios. No phases associated to Zr or Al are visible by XRD. Different Ni 2+ species are reducible according to the TPR analysis: those with strong interaction in solid solution of cerium and nickel (and Al, or Zr), those of small nanoparticles possibly present (not visible by XRD), and those observed in XRD. Finally, the Raman results are consistent with the formation of a solid solution of cerium and nickel. Moreover, previous analysis have shown that these mixed oxide catalysts are capable of storing large quantities of hydride-type hydrogen species, with formation of oxyhydride (CeNixHzOy and CeNixM0.5HzOy) compounds after pretreatment under H2 at an adequate temperature.The influence of several parameters on the products of the reaction is analyzed in oxidative steam reforming such as: the influence of the reaction mixture by varying O2/EtOH ratio, pretreatment in hydrogen, mass of catalyst, calcination, Ni content, doping, as well as the stability of catalysts in OSRE over time.

  evidences of Ni 0 (around 13 %) is collected too on CeNi5Zr0.5Oy (c) with pretreatment in H2 at 250 °C (after 80 hours) and pretreatment in H2 at 200 °C (after 31 hours). Raman analysis shows that more defects and oxygen vacancies are introduced into the ceria lattice assuring the continuous redox processes occurring in OSRE reaction leading to the good performance and stability over time. The carbon reported in XPS and Raman is globally mainly due to adventitious carbon in agreement with the mass variation method of calculation. The studied CeNixOy and CeNixM0.5Oy catalysts show very similar evolution of ethanol conversion and products distribution for OSRE with increased nickel content due to the homogenous distribution of the same active Ni species surrounded by different neighbor atoms. The catalysts show strong performance in OSRE in addition to being a convenient route for reducing the processing time prior to OSRE activation and reducing expenses by skipping the pretreatment step in hydrogen (due to ability of forming oxyhydrides under reaction at higher temperatures of 250 °C) and calcination of the catalyst. Such active Ni species either in the solid solution of Ce-Ni-O and Ni-Ce-(M)-O and/or at the interface of small nanoparticles of NiO, CeO2, or Ni-Ce-(Al/Zr)-O, can be easily reduced and reoxidized (possibly existing as Ni 0 , Ni 2+ , Ni δ+ in the system) due to the strong interactions between Ni 2+ cations and other cations (Ce 4+ , Ce 3+ Zr 4+ and Al 3+ ) in the oxide catalyst.

  3 or 31 or 33.8 ml/min. The catalyst is deposit on a frit (having a thickness of 1 mm and porosity 3) in a tubular quartz reactor (diameter 4 mm and length around 46 cm). The frit is fixed in the middle of the tubular reactor at a height of 23 cm from the bottom of the reactor. Th reactor is surrounded by a tubular oven (around 35 cm tall) being regulated by thermocouples. The catalytic system is thermally isolated by quartz wool. A thermocouple is also fixed at the level of the catalyst to measure the temperature at the level of the catalyst. The test is started fixing the oven temperature at 200 °C. The temperature at the level of the catalyst increases after activation and is measured by the thermocouple. When this temperature stabilizes, the oven is fixed at 50 °C. The resulting gas mixture is analyzed using an Agilent gas chromatography AGILENT GC brand equipped with two thermal conductivity detectors (TCD) and a flame ionization detector (FID).To calculate the conversion of ethanol and products distribution, the response factors of each compound are taken into account. The values are then multiplied by the areas of the peaks for each product to calculate the mole percentage and finally the percentage in products
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	K. Marios obtained a 60 % conversion of ethanol with 40 % H2, 27 % CH4, 23 % CO, 7 % CO2,
	5 % acetaldehyde and 3 % acetone in the products distribution using a Pt/CeO2 catalyst at 300
	°C with 100 mg catalyst at a H2O/EtOH molar ratio of 3 112 . But, G. Jacobs et al. postponed a
	very low conversion at 300 °C (5.4 %) on their Pt/CeO2 catalyst 31 . The best result obtained on
	noble metals remain the commercial Pd/C catalyst of Galvita et al. who claimed to have
	achieved total conversion at 330 °C, H2 production of 12.8 % by volume and very good stability
	after 100 hours of reaction 113 . Other studies were performed on Pd0.01Zn0.29Mg0.7Al2O4 spinel
	catalyst at 450 °C with water/ethanol ratio of 3 and 100 % conversion of ethanol was obtained
	with 80 % selectivity but the amount of carbon (coke) deposited on 1.0 g of catalyst was of
	0.336 mg 114 .

Table 1

 1 Comparison between dried and calcined CeNi1Oy catalysts in-situ pretreated in H2 at 250 °C in terms of ethanol conversion, products distribution and carbon formation. Conversion of O2 not reported is total (EtOH/H2O/O2/N2 = 1:3:1.4:N2).

			Products distribution (%)	
	Catalyst	Conv. ethanol (%)	H2 CO2 CO CH4 CH3CHO	Carbon (mg/h.gcatalyst)
	CeNi1Oy (d)	94	45.3 31.8 19.2 0.5	3.2	21
	CeNi1Oy (c)	98	47.2 32.3 17.2 0.7	2.6	274

Table 2

 2 

	Products distribution (%)

OSRE in EtOH/H2O/O2/N2 = 1:3:1.4:N2 on CeNixZr0.5Oy catalysts in-situ pretreated in H2 at 250 °C.

Table 3

 3 

summarizes the amount of carbon formed with the different binary and ternary catalysts described previously. With CeNi1Oy, the amount of carbon produced is of 274 mg/h.gcatalyst however by adding Zr the amount drastically drops to 34 mg/h.gcatalyst. Similarly for CeNi1Zr0.5Oy (d) catalyst which shows no formation of carbon unlike the CeNi1Oy (d) catalyst with 21 mg/h.gcatalyst. No carbon is formed in the case of CeNi0.5Zr0.5Oy

Table 4

 4 

	CeNi0.5Oy (d)	94.8	28.9 23.9 29.1 1.8	16.3	0.0
	CeNi1Oy (d)	97.0	40.2 34.1 22.4 0.8	2.5	9.0
	CeNi2Oy (d)	96.3	37.4 27.1 28.3 1.9	5.3	0.0
	CeNi5Oy (d)	94.0	48.9 34.2 15.8 0.4	0.7	0.0

Conversion of ethanol, products distribution (%) and carbon formation on CeNixOy dried catalysts after 5 hours in OSRE process (EtOH/H2O/O2/N2 = 1:3:1.7:N2). Conversion of O2 not reported is total.

Products distribution (%)

Conv. of ethanol (%) H2 CO2 CO CH4 CH3CHO Carbon (mg/h.gcatalyst)

Table 5

 5 Conversion of ethanol, products distribution (%) and carbon formation on in-situ pretreated in H2 at 250

	°C CeNixOy (c) catalysts after 5 hours in OSRE process (EtOH/H2O/O2/N2 = 1:3:1.7:N2). Conversion of O2 not
	reported is total.							
				Products distribution (%)	
		Conv. of ethanol (%)	H2	CO2	CO	CH4	CH3CHO	Carbon (mg/h.g)
	CeNi0.5Oy (c)	95.4	35.0	31.9	28.2	1.8	3.1	0.0
	CeNi1Oy (c)	98.0	36.0	36.2	22.0	3.3	2.5	0.0
	CeNi2Oy (c)	95.0	37.5	31.9	26.6	1.6	2.4	0.0
	CeNi5Oy (c)	98.4	47.4	37.4	13.5	0.3	1.5	0.0

Figure 11 summarizes the overall trend of products distribution and ethanol conversions as a function of increasing the Ni content in the calcined catalysts. The best catalytic results based on higher conversion of ethanol, main products distribution and lower by product are obtained using CeNi5Oy (c), the catalyst with the highest Ni content. The same trend was confirmed previously on the dried CeNixOy catalysts. Ni based catalysts have been reported as interesting formulations for ethanol reforming, due to their capacity in promoting C-C, C-H and O-H bond cleavage

223,[START_REF] Iulianelli | The oncoming energy vector: hydrogen produced in Pd-composite membrane reactor via bioethanol reforming over Ni/CeO2 catalyst[END_REF] 312 

.

Here, using our catalysts, it can be seen that calcination process plays an important role in OSRE process and products distribution only at low nickel contents. Comparing the results obtained after calcination to the ones obtained on dried catalysts, it is visible that at low Ni content (x = 0.5), the catalyst gives clear differences in products distribution, even if similar conversions are

Table 6 )

 6 . No carbon formation is observed even after 31 hours in OSRE. The distribution of products is as follows, 28.6 % H2, 35.3 % CO2, 27.9 % CO, 3.5 % CH4 and finally 4.7 % CH3CHO. The percentage of hydrogen decreases by 6 % after several hours of experiment but remains relatively stable at around this value (29 %). Figure12-b shows the

	results obtained with CeNi1Oy (c) catalyst. During the first hours of experiment, some
	fluctuations in the products distributions are observed. Then, the catalyst stabilizes its activity
	giving 39.2 % H2, 35.4 % CO2, 20.5 % CO, 3.2 % CH4 and 1.7 % CH3CHO. Figure 12-c shows
	the results obtained on CeNi2Oy calcined catalyst in in-situ pretreated in H2. Globally, the
	conversion of ethanol and the products distribution are constant within time. The main products
	are H2 and CO2 with 36.6 % and 31.5 % each. 26.5 % CO, 1.2 % CH4 and 4.2 % CH3CHO are

The results obtained with in-situ pretreated in H2 at 250 °C CeNi0.5Oy calcined catalyst during the 31 hours in OSRE are represented in Figure

12

-a. The conversion of ethanol becomes better with time as it increases from 95.4 % during the first 5 hours to 100 % after 31 hours. also obtained in addition. With a higher Ni content, using CeNi5Oy calcined catalyst in-situ pretreated in H2 at 250 °C, stability of ethanol conversion and products distribution are still confirmed (Figure

Table 6 Conversion

 6 

				Products distribution (%)	
		Conv. of ethanol (%)	H2	CO2	CO	CH4	CH3CHO	Carbon (mg/h.g)
	CeNi0.5Oy (c)	100.0	28.6	35.3	27.9	3.5	4.7	0.0
	CeNi1Oy (c)	98.1	39.2	35.4	20.5	3.2	1.7	0.0
	CeNi2Oy (c)	94.5	36.6	31.5	26.5	1.2	4.2	0.0
	CeNi5Oy (c)	98.6	47.5	36.2	14.9	0.4	1	0.0

of ethanol, products distribution (%) and carbon formation on in-situ pretreated in H2 at 250 °C CeNixOy (c) catalysts after 31 hours in OSRE process. Conversion of O2 not reported is total (EtOH/H2O/O2/N2 = 1:3:1.7:N2).

Table 7

 7 

	. Both CeNi1Oy (d) and CeNi5Oy (d) show

% CH4 and 0.9 % CH3CHO in products distribution. At this O2/EtOH ratio of 1.7, no carbon formation is observed for both of the catalysts after 31 hours. For comparison, concerning

Table 7 Conversion

 7 

		Conv of ethanol (%)	H2	CO2	CO	CH4	CH3CHO	Carbon (mg/h.g)
	CeNi1Oy (d)	94.5	36.6	31.5	26.5	1.2	4.2	0
	CeNi5Oy (d)	97.2	47.6	34.1	17.1	0.3	0.9	0

of ethanol, products distribution (%) and carbon formation on in-situ pretreated in H2 at 250 °C CeNixOy (d) catalysts after 31 hours in OSRE process. Conversion of O2 not reported is total (EtOH/H2O/O2/N2 = 1:3:1.7:N2).

Products distribution (%)

  CO2, 32 % CO, 1.4 % CH4 and 6.8 % CH3CHO (Table8). CeZr0.5Ni1Oy dried catalyst could start without any complications at 200 °C. During the 5 hours experiment, very good stability of ethanol conversion and products distribution are achieved within time. Ethanol conversion

	is found to be at 91 % with the formation of 41.7 % H2, 28 % CO2, 26 % CO, 1.1 % CH4 and
	1.8 % CH3CHO. With a higher Ni content, using CeNi2Zr0.5Oy dried catalyst, ethanol

94 

% conversion of ethanol is attained during the 5 hours experiment. The products are distributed as follows: 30 % H2, 30 % conversion is almost complete (99 %) with higher H2 percentage (46 %) and CO2

(35 %) in 

Table 8

 8 Conversion of ethanol, products distribution (%) and carbon formation on in-situ pretreated in H2 at 250 °C CeNixZr0.5Oy (d) catalysts after 5 hours in OSRE process. Conversion of O2 not reported is total

	(EtOH/H2O/O2/N2 = 1:3:1.7:N2).						
				Products distribution (%)		
		Conv. of ethanol (%)	H2	CO2	CO	CH4 CH3CHO Carbon (mg/h.g)
	CeNi0.5Zr0.5Oy (d)*	94.0	29.9	30	31.9	1.4	6.8	0.0
	CeNi1Zr0.5Oy (d)	91.0	41.8 28.9 26.4	1.1	1.8	0.0
	CeNi2Zr0.5Oy (d)	99.0	46.7 35.5 17.0	0.5	0.3	0.0
	CeNi5Zr0.5Oy (d)	98.2	47.9 37.1 14.1	0.2	0.7	0.0

* Reaction started at 250°C

Table 9

 9 Conversion of ethanol, products distribution (%) and carbon formation on in-situ pretreated in H2 at 250 °C CeNixZr0.5Oy (c) catalysts after 5 hours in OSRE process. Conversion of O2 not reported is total (EtOH/H2O/O2/N2 = 1:3:1.7:N2).

				Products distribution (%)
		Conv. of ethanol (%)	H2	CO2 CO CH4 CH3CHO Carbon (mg/h.g)
	CeNi0.5Zr0.5Oy (c)	97.0	37.6 29.8 28.5	1.6	2.5	0.0
	CeNi1Zr0.5Oy (c)	98.0	41.7 34.4 22.2	0.9	0.8	0.0
	CeNi2Zr0.5Oy (c)	98.0	45.1 36.5 17.4	0.6	0.4	0.0
	CeNi5Zr0.5Oy (c)	100.0	51.6 38.3	9.8	0.3	-	0.0

Table 10

 10 

	Conversion of ethanol, products distribution (%) and carbon formation on in-situ pretreated in H2 at 250
	°C CeNixZr0.5Oy (c) catalysts after 31 hours in OSRE process. Conversion of O2 not reported is total
	(EtOH/H2O/O2/N2 = 1:3:1.7:N2).						
			Products distribution (%) after 31 hours	
		Conv. of ethanol (%)	H2	CO2 CO CH4 CH3CHO Carbon (mg/h.gcatalyst)
	CeNi0.5Zr0.5Oy(c)	96.8	41.9	29.9	22	1.1	2.1	0.3
	CeNi1Zr0.5Oy(c)	100	38	38.9	18	4	1.1	10.8
	CeNi2Zr0.5Oy(c)	100	47.3	30	21.9	0.7	0.1	0
	CeNi5Zr0.5Oy(c)	100	51.6	38.3	9.8	0.3	0	0

Table 11

 11 Ni/MT ratio in the different CeNixZr0.5Oy and CeNixOy calcined and dried catalysts.

Ni/MT ratio Sample (calcined and dried)

  

	Among all the catalysts stated in Figure 18, the CeNi5Zr0.5Oy (c) catalyst shows the best catalytic
	performance. The conversion of ethanol is 100 % (maximum) on CeNi5Zr0.5Oy calcined catalyst
	(30 mg), with almost 49 % hydrogen in the products distribution without carbon or acetaldehyde
	formation. Clearly, ethanol conversions and distribution of H2, CO2, CO, CH4 and acetaldehyde
	follow same tendencies with the increase in Ni content of the catalyst for both binary and ternary
	catalysts showing that Ni content is the main parameter influencing the results. Among ternary
	catalysts, the amount of acetaldehyde produced does not exceed 1 %. Considering only binary
	catalysts, the percentage of hydrogen increases from 36 % to 45 % when the Ni/MT ratio is
	raised from 0.25 to 0.5 similarly for ternary catalysts the order of percentage of hydrogen
	production is as follows: CeNi0.5Zr0.5Oy < CeNi1Zr0.5Oy < CeNi2Zr0.5Oy < CeNi5Zr0.5Oy. The
		0.25	CeNi0.5Zr0.5Oy
	0.33 during long test run. CeNi5Zr0.5Oy still possess the best catalytic activity during the OSRE CeNi0.5Oy
	0.4 process, with the main formation of H2 and CO2 (51.6 % H2 and 38.3 % CO2 in products CeNi1Zr0.5Oy
	0.5 distribution). In addition to the great advantage that carbon, CH3CHO and CH4 are totally CeNi1Oy
	eliminated.	0.57	CeNi2Zr0.5Oy
		0.66	CeNi2Oy
		0.76	CeNi5Zr0.5Oy
		0.83	CeNi5Oy

same trend is followed by CO2 for both binary and ternary catalysts as the CO2 content produced is increasing with increasing the Ni content. In parallel, increasing this ratio leads to the formation of less CO and CH3CHO. Therefore, increasing Ni content allows becoming closer to the unique formation of the expected products in OSRE reaction (H2 and CO2) diminishing the side reactions leading to byproducts like CO, acetaldehyde, carbon. If the compounds are well homogeneous (due to the preparation), increasing the nickel content increases the interactions between metals and thus favoring the number of active sites. However, as the conversion is total, one cannot afford the transformation of undesired by products (that could be formed) to desired products. Numerous different reactions could take place, and have been largely reviewed 29 , 31 , 33.

Similarly, the results obtained under same conditions but with only calcined compounds of CeNixOy and CeNixZr0.5Oy after 31 hours are reported in Figure

19

. Globally, the same trend as observed before is maintained, well evidencing the good stability of the compounds with time

Table 12

 12 

reports the measured reaction temperature at the level of the catalyst while the oven is fixed at 50 °C. These temperatures vary between 331 °C and 382 °C. The highest reaction temperature is measured for the CeNi5Zr0.5Oy (c) compound (382 °C).

Table 12

 12 Measured reaction temperature at the level of the different CeNixZr0.5Oy and CeNixOy calcined catalysts pretreated previously in H2 at 250 °C and tested in OSRE at an oven temperature of 50 °C. (EtOH/H2O/O2/N2 = 1:3:1.7:N2).

	Sample	Ni/MT ratio	Measured reaction temperature (°C)
	CeNi0.5Zr0.5Oy (c)	0.25	350
	CeNi0.5Oy (c)	0.33	353
	CeNi1Zr0.5Oy (c)	0.4	372
	CeNi1Oy (c)	0.5	331
	CeNi2Zr0.5Oy (c)	0.57	354
	CeNi2Oy (c)	0.66	345
	CeNi5Zr0.5Oy (c)	0.76	382
	CeNi5Oy (c)	0.83	368

Table 13

 13 Ethanol conversions, products distribution and carbon formation in OSRE on CeNixZr0.5Oy calcined catalysts in-situ pretreated in H2 at 200 °C. Results reported after 5 hours in EtOH/H2O/O2/N2 = 1:3:1.7: N2.It is obvious that with the increase of Ni content the conversion of ethanol is increasing in This is in good conformation of what have been observed before regarding the effect of Ni content on performance in OSRE.

				Products distribution (%)	
		Conv. of ethanol (%)	H2	CO2 CO CH4 CH3CHO Carbon (mg/h.g)
	CeNi0.5Zr0.5Oy (c)	96.8	40.2 30.4 26.1	1.2	2.1	0.0
	CeNi1Zr0.5Oy (c)	98.3	41.3 31.4 25.2	1.2	0.9	0.0
	CeNi2Zr0.5Oy (c)	99.5	49.5 38.3 11.6	0.5	0.1	0.0
	CeNi5Zr0.5Oy (c)	100.0	50.1 39.1 10.3	0.5	0.0	0.0

addition to the percentages of hydrogen and carbon dioxide in products distribution. Moreover, the amount of byproducts CO, CH4 and CH3CHO drops from 26.1 %, 1.2 % and 2.1 % respectively with Ni/Ce ratio of 0.5 till 10.3 %, 0.5 % and 0 % respectively using Ni/Ce ratio of 5.

Table 14 )

 14 . Starting with CeNi0.5Zr0.5Oy (d) catalyst (Figure 22-a), 93 % conversion of ethanol is obtained. This conversion is the same whether pretreating the catalyst at 250 °C or 200 °C. The dominating by-product here is CO filling around 33 % of the products distribution. Almost equal percentages of H2 (31 %) and CO2 (30 %) are obtained among the products. The other by-products are distributed as follows: 1.3 % CH4 and 5.8 % CH3CHO. At a higher Ni content, on CeNi1Zr0.5Oy (d) catalyst (Figure

Table 14

 14 Ethanol conversions, products distribution and carbon formation in OSRE on CeNixZr0.5Oy dried catalysts pretreated in H2 at 200 °C. Results reported after 5 hours in EtOH/H2O/O2/N2 = 1:3:1.7: N2. Now, comparing the dried catalysts to the calcined ones of the CeNixZr0.5Oy series pretreated at 200 °C, it can be revealed that calcination has a very important role in the performance of the catalysts specially at low Ni contents. More by-products are obtained on catalysts without previous calcination in particular acetaldehyde and carbon monoxide. This phenomenon is more evident on lowest Ni content catalyst (CeNi0.5Zr0.5Oy). CH4 formation is not affected by the calcination step as it is obtained in the same amounts in the presence and absence of the calcination.

			Products distribution (%)	
		Conv of ethanol (%)	H2 CO2 CO CH4 CH3CHO Carbon (mg/h.gcatalyst)
	CeNi0.5Zr0.5Oy (d)	93.1	30.8 29.4 32.7 1.3	5.8	0.0
	CeNi1Zr0.5Oy (d)	97.4	41.8 29.1 26.6 1.2	1.3	0.0
	CeNi2Zr0.5Oy (d)	99.6	47.9 36.9 14.7 0.4	0.1	0.0
	CeNi5Zr0.5Oy (d)	99.7	50.9 40.8 6.9	0.9	0.5	0.0

Table 15

 15 Ethanol conversions, products distribution and carbon formation in OSRE on CeNixZr0.5Oy calcined catalysts pretreated in H2 at 200 °C. Results reported after 31 hours in EtOH/H2O/O2/N2 = 1:3:1.7: N2.

			Products distribution (%)	
		Conv. of ethanol (%) H2 CO2 CO CH4 CH3CHO	Carbon (mg/h.g	) catalyst
	CeNi0.5Zr0.5Oy (c)	98.2	46.2 31.7 19.9 1.4	0.8	0.0
	CeNi1Zr0.5Oy (c)	98.7	48.2 33.2 17.4 0.8	0.4	0.0
	CeNi2Zr0.5Oy (c)	99.2	46.8 35.6 15.5 1.0	1.1	16.0
	CeNi5Zr0.5Oy (c)	100.0	50.1 39.0 10.3 0.6	0.0	0.0
	II.3.4.				

31 hours test on dried Zr based compounds

  In the following section, dried compounds of CeNixZr0.5Oy will be studied in similar conditions to what has been reported before on the calcined catalysts. This will allow to investigate the stability of these compounds after 31 hours in addition to the effect of calcination. The dried and calcined compounds containing Zr will be compared finally to determine the best Zr based catalysts in OSRE. Figure24and Table16represent the results obtained after 31 hours in OSRE Only with CeNi2Zr0.5Oy (d), carbon is obtained after 31 hours with an estimation of about 8 mg/h.gcatalyst. This catalyst presents few amounts of carbon only after 31 hours in both cases with previous calcination at 500 °C or without previous calcination. The best catalyst performing in this series is contributed to CeNi5Zr0.5Oy (d) which gives the highest

	conversion of ethanol (about 100 %) and the maximal main products distribution (48 % H2 and
	39 % CO2, 10 % CO, 1 % CH4, and 1 % acetaldehyde, no carbon) among the other catalysts.
	The order of better performance, under EtOH/H2O/O2/N2 = 1:3:1.7:N2 and pretreatment

for dried compounds. In general, the conversions of ethanol obtained with these catalysts after the long test run are almost complete (≥ 95 %). Regardless of any fluctuations that are normal at the very first steps in OSRE, this conversion remains the same as reported before with 5 hours (Table

14

). H2 percentage increases with the increase in Ni content from around 36 % to 47 %, going higher from x = 0.5 to x = 5. These percentages change slightly with time with a deviation of maximum 5 % from what has been recorded after 5 hours. Even though these dried catalysts show good performances in OSRE with pretreatment temperature of 200 °C, the calcined catalysts under same conditions still show better performances in terms of ethanol conversion and selectivity to products. temperature of 200 °C, could be as follows: CeNi5Zr0.5Oy (d) > CeNi2Zr0.5Oy (d) > CeNi1Zr0.5Oy > (d)

CeNi0.5Zr0.5Oy (d)

. In comparison to the calcined Zr series presented in

Table 15, CeNi5Zr0.5Oy (c) 

is still the best (with 100 % EtOH conv., 50 % H2, 39 % CO2, 10 % CO, 0.6 % CH4, no acetaldehyde, no carbon) among the Zr based compounds performing in OSRE after

Table 16 Ethanol

 16 

			Products distribution (%)	
		Conv. of ethanol (%) H2 CO2 CO CH4 CH3CHO Carbon (mg/h.gcatalyst)
	CeNi0.5Zr0.5Oy (d)	95.1	36.3 31.6 25.1 2.1	4.9	0.0
	CeNi1Zr0.5Oy (d)	97.5	37.1 29.3 26.9 1.8	4.9	0.0
	CeNi2Zr0.5Oy (d)	98.5	41.2 38.8 15.6 1.2	3.2	8.25
	CeNi5Zr0.5Oy (d)	99.7	47.7 39.4 10.3 1.3	1.3	0.0

conversions, products distribution and carbon formation in OSRE on CeNixZr0.5Oy dried catalysts pretreated in H2 at 200 °C. Results reported after 31 hours in EtOH/H2O/O2/N2 = 1:3:1.7: N2.

Table 17

 17 Effect of mass of catalyst on the conversion of ethanol and products distribution after 31 hours on CeZr0.5Ni2Oy calcined catalyst in-situ pretreated in H2 at 200 °C.

	Products distribution (%)

Table 18 Effect

 18 

of mass of catalyst on the conversion of ethanol and products distribution after 31 hours on CeNi5Zr0.5Oy calcined catalyst in-situ pretreated in H2 at 200 °C.

Products distribution (%) Mass of CeNi5Zr0.5Oy (c) (mg) Conv. of ethanol

  

		(%)	H2	CO2	CO	CH4	CH3CHO	Carbon (mg/h.gcatalyst)
	30	100.0	50.1	39.0	10.3	0.6	0.0	0.0
	60	100.0	44.8	48.2	6.1	0.8	0.1	9.2

Table 19 Ethanol

 19 

conversions, products distribution and carbon formation in OSRE on CeNixAl0.5Oy calcined catalysts in-situ pretreated in H2 at 250 °C. Results reported after 5 hours in EtOH/H2O/O2/N2 = 1:3:1.7: N2.

Products distribution (%) Conv. of ethanol (%) H2 CO2 CO CH4 CH3CHO Carbon (mg/h.g) CeNi0.5Al0.5Oy (c)

  .4 %), CH4 (0.6 %) values in addition to CO(17.4 %) when compared to the Al compound of same Ni/Ce ratio (2.3 % CH3CHO, 1.5 % CH4 and 22.1 % CO). Moreover, CeNi2Zr0.5Oy (c) catalyst gives higher H2 concentration(51.6 % H2) in the products distribution than CeNi2Al0.5Oy (c) catalyst(40 % H2).As an overall, doping the catalyst with Zr is better than doping with Al, since this can decrease the amounts of byproducts obtained and eliminate the possible carbon formation that could be produced from Al compounds. Al compounds can be considered better when using low Ni/Ce ratio (0.5) since it can be started at lower temperatures unlike the Zr compound with low Ni/Ce ratio. Doping CeNixOy catalysts with Zr leads to higher conversions of ethanol(97-100 %) compared to that doped with Al (83 -96 %) and higher H2 percentage with lower acetaldehyde percentage when considering x values higher than 0.5. The CeNi0.5Al0.5Oy calcined catalyst can be started at 200 °C after pretreating it overnight at 250 °C however the CeNi0.5Zr0.5Oy (c) cannot be started at 200 °C under same conditions and it requires a temperature of 250 °C to be launched. CeNi1Zr0.5Oy (c) and CeNi2Zr0.5Oy (c) catalysts are started normally at 200 °C same with CeNi1Al0.5Oy (c) and CeNi2Al0.5Oy (c) catalysts.

		83	34.9 37.2 20.9	0.9	6.1	0
	CeNi1Al0.5Oy (c)	97	42.7 38.6 15.4	1.2	2.1	24
	CeNi2Al0.5Oy (c)	96	40	34.1 22.1	1.5	2.3	0
	Comparing CeNi1Al0.5Oy (c) to CeNi1Zr0.5Oy (c) catalyst, CeNi1Zr0.5Oy can be considered as
	having a better performance in OSRE since no carbon formation is recorded compared to 24
	mg/h.gcatalyst. The conversion of ethanol (97 -98 %) and hydrogen percentage (41.7 -42.7 %)

are almost similar but the CH4 and CH3CHO values are much lower (0.9 % CH4 and 0.8% CH3CHO) on Zr based catalysts (Table

9

, Figure

16

) compared to Al catalysts (1.2 % CH4 and 2.1% CH3CHO). Similar trend is observed on CeNi2Zr0.5Oy (c) catalyst in terms of lower CH3CHO (0

(

  Figure 28-a). With a pretreatment temperature of 300 °C, this catalyst gets higher stability compared to when pretreating the catalyst at 250 °C. The conversion of ethanol is almost 91 % during 5 hours of experiment, lower than that obtained when pretreating the catalyst at 250 °C.

	38.2 % H2 and 34.1 % CO2 are obtained which are also lower than the values obtained at a
	pretreatment temperature of 250 °C (42.7 % and 38.6 %). The other products obtained are
	distributed as follows: 24.1 % CO, 2.6 % CH3CHO and 1 % CH4. With pretreatment
	temperature of 300 °C, higher percentages of CO and CH3CHO (24.1 and 2.6 %, respectively)

are obtained than those with pretreatment temperature at 250 °C

(15.4 % and 2.1 %, respectively)

. CH4 levels at both pretreatment temperatures are almost the same (0.2 % difference only). Finally, it is important to notice that no carbon is formed when this catalyst is pretreated at this temperature in contrast to the 24 mg/h.gcatalyst obtained at a pretreatment temperature of 250 °C.

Table 20

 20 Ethanol conversion, products distribution and carbon formation in OSRE on CeNixAl0.5Oy calcined catalysts in-situ pretreated in H2 at 300 °C. Results reported after 5 hours in EtOH/H2O/O2/N2 = 1:3:1.7: N2.

				Products distribution (%)	
		Conv. of ethanol (%)	H2	CO2 CO CH4 CH3CHO Carbon (mg/h.g)
	CeNi0.5Al0.5Oy (c)	82	32.8 38.2 22.2	1.5	5.3	0
	CeNi1Al0.5Oy (c)	91	38.2 34.1 24.1	1	2.6	0
	CeNi2Al0.5Oy (c)	98	44.8 36.8 16.1	0.6	1.7	0

Table 6

 6 

) unlike this case where 14 mg/h.gcatalyst of carbon are produced with CeNi5Oy (c).

Table 21

 21 Ethanol conversions, products distribution and carbon formation in OSRE on CeNixOy calcined catalysts without pretreatment in H2. Results reported after 5hours in EtOH/H2O/O2/N2 = 1:3:1.7: N2.

				Products distribution (%)		
		Conv. of ethanol (%)	H2	CO2 CO CH4 CH3CHO Carbon (mg/h.gcatalyst)
	CeNi0.5Oy (c)	97.0	37.9	30	27.7	1.6	2.8	0.0
	CeNi1Oy (c)	98.3	44.7 33.4 18.9	1.9	1.1	0.0
	CeNi2Oy (c)	97.6	34.3 34.7 24.6	3.5	2.9	0.0
	CeNi5Oy (c)	96.9	48.9 36.0 12.8	0.6	1.7	14.0

Table 22

 22 Ethanol conversions, products distribution and carbon formation in OSRE on CeNixZr0.5Oy calcined catalysts without in-situ pretreatment in H2. Results reported after 5hours in EtOH/H2O/O2/N2 = 1:3:1.7: N2.

				Products distribution (%)	
		Conv. of ethanol (%) H2 CO2 CO CH4 CH3CHO Carbon (mg/h.gcatalyst)
	CeNi0.5Zr0.5Oy (c)	97.3	42.7 31.6 23.1 1.2	1.4	0.0
	CeNi1Zr0.5Oy (c)	99.5	48.2 34.1 16.6 0.7	0.4	19.0
	CeNi2Zr0.5Oy (c)	99.6	47	42.9 6.9	3.0	0.2	163.0
	CeNi5Zr0.5Oy (c)	99.7	52	36.8 10.9 0.2	0.1	0.0
	The starting temperature to set under these catalysts is at minimum of 250 °C. Under which,

without pretreatment, the catalyst can be activated under only ethanol-water flow. To our best knowledge, this is the lowest temperature reported in literature as a starting temperature for catalysts used in OSRE without previous reduction in H2. For example, it has been reported before on Pt-Ni/CeO2-SiO2 catalyst in OSRE only 80 % ethanol conversion. Moreover, in this recent publication, only 20 % and 10 % yield of H2 and CO2 were obtained

316 

. Other studies

  ). Starting with CeNi0.5Zr0.5Oy (d), the conversion of ethanol is around 95 % after 5 hours. The distribution of the products is not very satisfactory with low Ni content.

	% CO, 0.9 % CH4 and 1.7 % CH3CHO. With a higher Ni/Ce ratio, CeNi2Zr0.5Oy (d), conversion
	of ethanol reaches almost 100 % with 50 % H2 in products distribution, higher than that obtained
	with a pretreatment value of 200 °C and 250 °C. The CeNi5Zr0.5Oy (d) catalyst shares almost
	same values with the latter CeNi2Zr0.5Oy (d).
	The products are distributed as follows: 26.8 % H2, 33 % CO2, 29 % CO, 5 % CH4 and 6.5 %
	CH3CHO. With this Ni content, an in-situ pretreatment in H2 at 200 °C or 250 °C previously

mentioned in this work is better in terms of ethanol conversion and products distribution compared to those without pretreatment in hydrogen. With CeNi1Zr0.5Oy (d),

97

.1 % conversion of ethanol is obtained and with a products distribution as follows: 43.1 % H2,

32 % CO2, 22.4 

Table 23

 23 

	Ethanol conversions, products distribution and carbon formation in OSRE on CeNixZr0.5Oy dried catalysts
	without pretreatment in H2. Results reported after 5 hours in EtOH/H2O/O2/N2 = 1:3:1.7: N2.	
			Products distribution (%)	
		Conv. of ethanol (%) H2 CO2 CO CH4 CH3CHO Carbon (mg/h.gcatalyst)
	CeNi0.5Zr0.5Oy (d)	94.7	26.8 32.9 29.0 4.8	6.5	0.0
	CeNi1Zr0.5Oy (d)	97.1	43.1 31.9 22.4 0.9	1.7	0.0
	CeNi2Zr0.5Oy (d)	99.8	50.6 35.8 13.2 0.3	0.1	0.0
	CeNi5Zr0.5Oy (d)	99.5	49.8 36.6 13.2 0.2	0.2	0.0

Table 24

 24 Theoretical values of Ni/MT content in bulk and weight percentage of CeNixOy (calcined and dried).Table 25 XRF analysis, experimental values of metallic contents, Ni/MT ratio in CeNixOy calcined and dried catalysts.

	Theoretical wt%

Table 26

 26 

BET specific surface areas obtained for CeNixOy catalysts.

Specific surface area (m

2 /g) Catalyst Dried (d) Calcined (c)

  

	CeNi0.1Oy	110	77
	CeNi0.5Oy	198	123
	CeNi1Oy	135	134
	CeNi2Oy	81	84
	CeNi5Oy	96	60

  Table 27 and 28. The average crystallites size of NiO and CeO2 in CeNixOy calcined catalysts, measured using the Scherrer equation are presented in Table27. The simple CeO2 and NiO oxides are reported for comparison. The average crystallites size are found between 11 and 14 nm for NiO and between 5 -7 nm for CeO2 in CeNixOy (c) . The NiO crystalline phase (4-0835 JCPDS file) is not apparent in all the CeNixOy calcined samples. This phase is visible at high Ni content when x ≥ 1. The diffraction peaks of the crystallized NiO become more intense with the increasing Ni content.

Table 27

 27 Average crystallites size (nm) of NiO & CeO2 phases in CeNixOy, CeO2 and NiO calcined samples with the position of the main peak of ceria (2θ°).

			Average crystallites size
	Sample	Position of main peak of ceria (2θ°)	d NiO (nm) d CeO2 (nm)
	CeO2 (c)	28.4	-	9
	NiO*(c)	-	> 20	-
	CeNi0.1Oy (c)	28.4	-	7
	CeNi0.5Oy (c)	28.7	12	5
	CeNi1Oy (c)	28.6	12	5
	CeNi2Oy (c)	28.5	11	5
	CeNi5Oy (c)	28.6	14	5
	*from Phys. Chem. Chem. Phys., 2000, 2, 303-312		

Table 28

 28 Average crystallites size (nm) of Ni(OH)2 & CeO2 phases in dried CeNixOy and CeO2 samples with the position of the main peak of ceria (2θ°).

	Position

of main peak of ceria (2θ°) Average crystallites size (nm)

  

	Sample		d Ni(OH)2	d CeO2
	CeO2 (d)	28.6	-	8
	CeNi0.1Oy (d)	28.5	-	5
	CeNi0.5Oy (d)	28.6	9	5
	CeNi1Oy (d)	28.7	9	3
	CeNi2Oy (d)	28.7	9	4
	CeNi5Oy (d)	28.7	9	3

Table 32 Temperature

 32 

	Catalyst	1 st zone	2 nd zone
	CeNi0.1Oy (d)	230-270 (264)	-
	CeNi0.5Oy (d)	230-290 (279.9)	290-420 (300.6)
	CeNi1Oy (d)	200-300 (270.6)	300-450 (347)
	CeNi2Oy (d)	230-300 (290)	300-450 (

reduction zones and main peak positions in TPR for CeNixOy (d) catalysts.

Zone (peak position) (°C)

Table 33

 33 Binding energies for the different XPS signals obtained for CeNixOy (c) catalysts.

			Binding energy (eV)		
	Catalyst (c)	Ni 2p3/2	Ni 2p3/2 satellite	O 1s	Ce 3d	C 1s
	CeNi0.1Oy	854.7	860.7	529.2/531.2 882.2/898.2/900.5/916.5 285
	CeNi0.5Oy 855.2/853.8	860.7	529.5/531.5 882.3/898.4/900.8/916.6 285
	CeNi1Oy	855.3/853.6	860.7	529.4/531.3 882.4/898.3/900.7/916.6 285
	CeNi2Oy	855.3/853.6	860.7	529.4/531.1 882.4/898.3/900.9/916.8 285
	CeNi5Oy	855.3/853.6	860.7	529.3/531 882.4/898.3/900.9/916.8 285

Table 34

 34 Binding energies for the different XPS signals obtained for CeNixOy (d) catalysts.

				Binding energy (eV)
	Catalyst (d) Ni 2p3/2 Ni 2p3/2 satellite	O 1s	Ce 3d	C 1s
	CeNi0.1Oy	854.7	860.8	529.2/531.2 882.2/898.3/900.5/916.5 285
	CeNi0.5Oy	855.2	860.8	529.5	882.3/898.3/900.8/916.6 285
	CeNi1Oy	855.3	860.8	531.1	882.4/898.3/900.7/916.6 285
	CeNi2Oy	855.3	860.8	531.1	882.4/898.4/900.9/916.8 285
	CeNi5Oy	855.3	860.8	530.9	882.4/898.2/900.9/916.8 285

Table 35 and

 35 Table 36 represent the quantitative data obtained in both calcined and dried catalysts respectively. All Ni 2p3/2 spectra correspond to Ni 2+ contributions. 70 -80 % of cerium is found on the form of Ce 4+ with a small percentage attributed to the presence of Ce 3+ cations.

	Concerning oxygen, O 2-and OH species exist in almost equal proportions with the calcined
	catalysts of CeNixOy. However, on the dried catalysts, the OH species dominate and reach
	almost 90 % of the total contribution to atomic percentage of O in CeNi5Oy (d), in good
	agreement with the presence in high proportion of Ni(OH)2 in this compound, as shown by
	XRD in Figure

Elemental Analysis and textural properties of CeNixZr0.5Oy catalysts

  Similar to the binary catalysts, the calcined zirconium-based ternary catalysts CeNixZr0.5Oy are analyzed by different physico-chemical characterization methods.To get the weight percentage of each metallic element in the different catalysts of CeNixZr0.5Oy, XRF technique is used in the same conditions mentioned previously. The experimental and theoretical mass percentage values of metal and Ni/MT content in bulk of CeNixZr0.5Oy calcined and dried catalysts are summarized in table 37 and 38 respectively. The expected theoretical weight percentage of Ni and Ce are truly validated experimentally. However, the experimental wt% of Zr obtained are less than that of the expected value. The atomic ratio of Zr in all the ternary catalysts was 0.3 instead of 0.5. However, this ratio does not change in all the series of catalysts which means that the preparation process is successful and similar in all the cases.

	III.3.1.

Table 37

 37 Experimental values of metallic mass percentages and Ni/MT content in bulk of CeNixZr0.5Oy calcined and dried catalysts.

		Experimental formula				
			CexNiyZrzOm			Experimental mass %
	Theoretical formula	x	y	z	Ni/MT ratio bulk	Ni	Zr	Ce
	CeNi0.5Zr0.5Oy (c)	1.0	0.5	0.3	0.3	11.8	10.9	57.3
	CeNi1Zr0.5Oy (c)	1.0	1.0	0.3	0.4	20.7	9.6	49.4
	CeNi2Zr0.5Oy (c)	1.0	2.0	0.3	0.6	32.3	7.6	39.6
	CeNi5Zr0.5Oy (c)	1.0	5.0	0.3	0.8	50.4	4.6	24.2
	CeNi0.5Zr0.5Oy (d)	1.0	0.5	0.3	0.3	11.7	11.1	57.0
	CeNi1Zr0.5Oy (d)	1.0	1.0	0.3	0.4	20.8	9.7	49.2
	CeNi2Zr0.5Oy (d)	1.0	2.0	0.3	0.6	32.7	8.1	38.7
	CeNi5Zr0.5Oy (d)	1.0	5.0	0.3	0.8	50.7	4.7	23.8

Table 38

 38 Theoretical values of Ni/MT content in bulk and weight percentage of CeNixZr0.5Oy (calcined and dried) catalysts.

	Theoretical wt%

Table 39

 39 BET specific surface areas obtained for CeNixZr0.5Oy catalysts where x = 0.5, 1, 2 or 5.

		Specific surface area (m 2 /g)
	Catalyst	Dried (d)	Calcined (c)
	CeZr0.5Ni0.5Oy	186	86
	CeZr0.5Ni1Oy	135	130
	CeZr0.5Ni2Oy	133	120
	CeZr0.5Ni5Oy	112	71
	III.3.3.		

XRD studies for CeNixZr0.5Oy catalysts

  

Table 41

 41 

Average crystallites size of CeZr0.5NixOy (d) (taking into account the main XRD patterns of Ni(OH)2 and CeO2).

Position of main peak of ceria (2θ°), plane (111) Average crystallites size (nm)

  

	Sample		d Ni(OH)2	d CeO2
	CeO2 (d)	28.6	-	8
	Ni(OH)2*(d)	-	10	-
	CeNi0.5Zr0.5Oy (d)	28.6	12	3
	CeNi1Zr0.5Oy (d)	28.5	12	3
	CeNi2Zr0.5Oy (d)	28.6	13	4
	CeNi5Zr0.5Oy (d)	28.6	8	3

Table 44

 44 

Reduction zone and peak positions in TPR for CeNixZr0.5Oy (c).

Table 45

 45 

Reduction zone and peak positions in TPR for CeNixZr0.5Oy (d).

Table 48

 48 Binding energies for the different XPS signals obtained for CeNixZr0.5Oy (d) catalysts.

	Binding energy (eV)

Table 49

 49 Quantification data for atomic percentage in CeNixZr0.5Oy (d) catalysts obtained from XPS.

					% at		
		Ni 2p3/2	Ce 3d		O 1s
	Catalyst	Ni 0 Ni 2+ Ce 4+ Ce 3+ O 2-OH O'
	CeNi0.5Zr0.5Oy (d)	0	100	65	35	20	63 17
	CeNi1Zr0.5Oy (d)	0	100	80	20	17	43 40
	CeNi2Zr0.5Oy (d)	0	100	82	18	10	47 43
	CeNi5Zr0.5Oy (d)	0	100	88	12	2	70 28

Table 50

 50 Specific surface areas of CeNixAl0.5Oy calcined catalysts.

Catalyst

Specific surface area (m 2 /g) CeAl0.5Ni0.5Oy (c)

125.6 

CeAl0.5Ni1Oy (c)

Table 53

 53 TPR reduction temperature zones for CeNixAl0.5Oy (c).

Table 54

 54 Binding energies for the different XPS signals obtained for CeNixAl0.5Oy (c) catalysts.

	Binding energy (eV)

Table 55

 55 Quantification data for atomic percentage in CeNixAl0.5Oy (c) catalysts obtained from XPS.

					%at			
		Ni 2p3/2	Ce 3d		O 1s	
	Catalyst	Ni 0 Ni 2+ Ce 4+ Ce 3+ O 2-OH O'
	CeNi0.5Al0.5Oy 0	100	83	17	40	55	5
	CeNi1Al0.5Oy	0	100	87	13	51	42	7
	CeNi2Al0.5Oy	0	100	94	6	35	54 11

Table 56

 56 Raman signal positions for CeNixOy calcined catalysts after test of 31 hours with a pretreatment in H2 at 250 °C: a) x = 0.5, b) x = 1, c) x = 2 and d) x = 5.

	X	F2g ceria peak position (cm -1	)	S 1 (cm -1	)	S 2 (cm -1	)	S 3 (cm -1 )	Carbon (cm -1 )
	0.5	463		564		636		199.6	-
	1	450.5		561		-		-	1352, 1605
	2	464.8		559		-		-	-
	5	452.3		562		-		-	-

  The previous changes in binding energies of O 1s signals before and after test can be also quantified. Starting with CeNi0.5Oy (c), the distribution of oxygen becomes distributed among 11 % OH species and 89 % O' species that could be related to organic species deposited on the catalyst after test. These O' species are mostly evident on this catalyst with low Ni content. However, it is around 8 % on CeNi1Oy (c) and

	CeNi2Oy (c) after test and 4 % on CeNi5Oy (c) after test. The amount of O 2-species decreases with
	respect to OH species after test. These distributions become as follows: 33% O 2-and 59% OH
	on CeNi1Oy (c) after test (previously 49 % O 2-and 50 % OH), 12 % O 2-and 80 % OH on CeNi2Oy
	(c) after test (previously 61 % O 2-and 39 % OH) and 38 % O 2-and 57 % OH on CeNi2Oy (c) after
	test (previously 50 % O 2-and 50 % OH).

Table 58

 58 Quantification data from XPS for atomic percentage in CeNixOy calcined catalysts after test (Fig.73).

	% at

. Characterizations of CeNixZr0.5Oy calcined spent catalysts III.6.1 CeNixZr0.5Oy calcined catalysts after test with pretreatment of 250 °C III.6.1.1 After 31 hours in OSRE III.6.1.1.1. Raman analysis

  

	Raman spectra for CeNixZr0.5Oy calcined catalysts after test (50 °C) with a pretreatment in H2
	at 250 °C for 31 hours are presented in Figure

  5, these O' species are not present even after test. The only detected species are O 2-and OH of 53 % and 47 % respectively being reported as one peak at 530 eV in inverse to what have been reported before test (47 % O 2-and 53 % OH reported in the signals at 531.2/529.6 eV). However, with x = 5, the spectra of oxygen changes clearly after test from signals obtained at 521/529.4 to signals with much higher binding energies(533.5/532.2 eV). This is due to the change in oxygen environments after test leading to the dominance of OH species(45 %) with respect to O 2-(12%) species (which were almost in equivalent percentages on fresh catalysts). Finally, the big shoulder appearing at around 533 eV is due to the O' species deposited at the surface of the catalyst and clearly more evident with large nickel contents in the catalyst. C1s spectra reveals a small shoulder appearing at higher BE similar to what has been reported in the previous results due to C-O bonding which could have increased due to deposits of ethanol on the surface of catalyst however still in agreement with the absence of carbon measured after test by mass variation method and dealing with the fact that these peaks are only related to adventitious carbon 345 . Regarding Zr 3d core levels,(184.7 and 182.3 eV) r are almost similar to those of fresh catalysts(184.4/182.2 eV) indicating that zirconium cations (Zr 4+ ) are maintaining stable after test.

Table 61

 61 Quantification data obtained from XPS for atomic percentage in CeNixZr0.5Oy calcined catalysts after test for 31 hours with a pretreatment in H2 at 250 °C.

	Binding energy (eV)

Table 62

 62 Raman signal positions for CeNi5Zr0.5Oy fresh calcined and spent catalysts after test of 80 hours with a pretreatment in H2 at 250 °C.Figure 76). Ce 3d spectra show that the presence of Ce 4+ and Ce 3+ cations are well maintained after test. However, Ce 4+ cations are reduced into Ce 3+ and thus the percentage of Ce 4+ decreases from 8 2% to 64%. The positions of Zr 3d BE do not change (Table63). The Ni 2p3/2 signals are still present after 80 hours however the peaks are broader than those of fresh catalysts. slight deviations of the main BE are observed from 855.4/853.6 eV to 855.7/853.1 eV. 13 % of Ni species corresponds to Ni 0 and 87 % are Ni 2+ (Table64). Concerning oxygen, a broad signal at 530.9 eV can be observed related to O 2-and OH species which are well separated (531/529.4 eV respectively) for each of these oxygen species on fresh compound. Ce 3d and Zr 3d signals almost do not change however that of oxygen appears as a single peak after 80 hours. Even, if the signals remain at same position the quantification of these species vary with time in OSRE test. After 31 hours in OSRE, no metallic nickel is observed, unlike after 80 hours 13 % of Ni 0 is found (with 87 % of Ni 2+ ). The distribution of Ce4+ and Ce 3+ species changes between 77 % and 23 % respectively, after 31 hours to become64 % and 36 

	F 2g ceria peak position (cm -1 )	S 1 +S 2 (cm -1 )	Carbon (cm -1 )
	fresh	spent	fresh	spent	spent
	483.4	unresolved	500-730	542	1306, 1601
	III.6.1.2.1. XPS analysis				
	CeNi5Zr0.5Oy calcined catalysts after test for 80 hours with a pretreatment in H2 at 250 °C are
	analyzed by XPS (Moreover, these oxygen species are quantified as 42 % O 2-and 53 % OH. As the catalyst
	achieves more time on stream (from 31 hours to 80 hours in OSRE), the positions of Ni 2p3/2,

Table 63

 63 Binding energies for the different XPS signals obtained for CeNi5Zr0.5Oy calcined catalyst after test for 80 hours with a pretreatment in H2 at 250 °C.

	Binding energy (eV)

  For the catalysts with low nickel content, only one signal is obtained in the O 1s spectra at 530 eV (compared to 531/529.5 eV on fresh catalysts). Concerning the atomic distribution of the atoms on the surface of the catalyst after this OSRE test with pretreatment in at 200 °C, no evidence for Ni 0 is observed after 31 hours. The distribution of Ce 4+ and Ce 3+ species varies compared to the fresh catalysts (Table67). The percentages of The variation of pretreatment temperature in hydrogen between 200 °C and 250 °C does not change the positions of the Ni 2p3/2, Zr 3d and Ce 3d signals after OSRE. However, with pretreatment in hydrogen at 200 °C, the doublet peak for Ni 2p3/2 core level becomes too broad to be differentiated into two separate peaks unlike that with pretreatment temperature in hydrogen of 250 °C where the two peaks are still possible to be distinguished. Concerning O

	-1 ) 562.8 574.5 562.8 562.8 Calcined CeNixZr0.5OY catalysts previously studied are also analyzed by XPS but after Carbon (cm -1 ) 0.5 473 -1 462.2 -2 464.8 1346, 1600 5 461.3 1346, 1587 III.6.2.2. XPS analysis pretreatment in H2 at 200 °C followed by OSRE (EtOH/H2O/O2/N2 = 1:3:1.7:N2) at 50 °C for 31 hours and the corresponding data are presented in Figure 79 and Table 66. Ni 2p3/2 main peak no more appears clearly as a doublet due to the increased broadness between the signals. The main emission peak seems to shift to different positions that can be estimated at 855.9, 855.3, 855 and 855.6 eV for CeNi0.5Zr0.5Oy (c), CeNi1Zr0.5Oy (c), CeNi2Zr0.5Oy (c) and CeNi5Zr0.5Oy (c) respectively which were previously appearing as a doublet positioned at around 855.3 and 853.6 eV on the fresh Zr catalysts. Ni 2p3/2 satellite peaks become also less intense. u' and v' signals in Ce 3d core level become more visible after test. The Zr 3d core levels are not affected after test (at 184 and 182 eV). However, with O 1s changes occur in the distribution of these species and thus the positions of the peaks vary from 531/529.5 and 531/529.4 eV for each of CeNi2Zr0.5Oy (c) and CeNi5Zr0.5Oy (c) respectively (fresh catalysts) to 529.9/532.5 eV and catalyst and Ce 3+ species decrease from 27 % to 17%. However, the opposite evolution is obtained with Ce 3+ species increase on catalysts where x = 1, 2 and 5. This is more induced on CeNi5Zr0.5Oy (c) leading to an increase of these species from 18 % (on fresh catalysts) to 32% (after test), O' species appear when x ≥ 2 and have a larger contribution on CeNi2Zr0.5Oy (c) (40 %). After test, the oxygen species attribute a different distribution leading to slight changes between OH and O 2-percentages. 1s level, when x = 0.5 and 1 a single signal is observed at around 530 eV after test corresponding to about 50-50 % of OH and O 2-species (Table 67), in similar proportions compared to before 529.9/532 eV respectively. Ce 4+ species increase after test to 83 % (68 % on fresh catalyst) with CeNi0.5Zr0.5Oy (c) spent test (Table

Table 67

 67 Quantification data obtained from XPS for atomic percentage in CeNixZr0.5Oy calcined catalysts after test for 31 hours with a pretreatment in H2 at 200 °C.

	Binding energy (eV)

. Characterizations of CeNixZr0.5Oy dried spent catalysts III.7.1 CeNixZr0.5Oy dried catalysts after test with pretreatment of 250 °C after 80 hours III.7.1.1. Raman analysis

  

	Raman results obtained for CeNi5Zr0.5Oy (d) catalysts after test of 80 hours with a pretreatment
	in H2 at 250 °C are presented in Figure

Table 68

 68 Raman signal positions for CeNi5Zr0.5Oy fresh dried and spent catalysts after test of 80 hours with a pretreatment in H2 at 250 °C. Figure81) in addition to the satellite peak at 861.4 eV. The signal at 853.4 eV was not observed on the fresh catalyst, moreover, the other signal was appearing at lower binding energy of 855.6 eV with the fresh CeNi5Zr0.5Oy (d) catalyst. Ce 3d core level XPS spectra evidences well the presence of C 4+ and Ce 3+ cations, however, v' and u' signals become more intense than when the catalyst is fresh. No changes occur at the level of Zr 3d (185.1 and 182.7 eV). A broad signal appears in O 1s region, with peaks at 530 eV (531.5 eV on fresh catalyst) and 532.8 eV (shoulder on fresh catalyst). Taking into account that Ce has been taken as a reference to analyze eventual carbon formed, the peak obtained can be related to adventitious carbon as visible at 284.7 eV and can be detected before and after test in same form and position, by XPS along with Raman indicating that there is no change at the level of carbon formation.Quantification data allows to show that all the nickel species present after test are of Ni 2+ nature similarly with the fresh catalyst, 60 % of the cerium species are Ce 4+ and 40 % are Ce 3+ , which is a relatively high value. Ce 4+ decreases in percentage after test compared to the fresh catalysts

	F 2g ceria peak position (cm -1 )	S 1 +S 2 (cm -1 )	Carbon (cm -1 )
	fresh	spent	fresh	spent	spent
	451	470	490-690	unresolved	1309-1590
	III.7.1.2. XPS analysis				
	XPS analysis for the CeNi5Zr0.5Oy (d) catalysts after test of 80 hours with a pretreatment in H2
	at 250 °C (tables 69 and 70) shows the presence of 2 main emission peaks for Ni 2p3/2 at 856.1
	and 853.4 eV (				

Table 69

 69 Binding energies for the different XPS signals obtained for CeNi5Zr0.5Oy calcined and dried catalysts after test for 80 hours with a pretreatment in H2 at 250 °C.

	Binding energy (eV)

Table 70

 70 Quantification data obtained from XPS for atomic percentage in CeNi5Zr0.5Oy calcined and dried catalysts after test for 80 hours with a pretreatment in H2 at 250 °C.

	% at

5Oy dried catalysts after test with pretreatment of 200 °C after 31 hours III.7.2.1 Raman analysis

  

Table 72 )

 72 , a main emission peak is observed in the Ni 2p3/2 region at about 855.5 -856.1 eV with the satellite at about 861 eV. This main emission signal was observed previously on the fresh catalysts at around 855 eV. This is evidencing that the Ni 2+ cations are well maintained in strong interaction with other cations at the surface of the catalyst after test. The binding energies related to Zr 3d remain the same after test. The positions of binding energies for the Ce 3d signals show the main presence of Ce 4+ cations. O 1s core levels exhibits a change in positions and distribution of the peaks after test. Before test, these catalysts presented peaks at about 531eV, however, after test, appears a strong main peak at around 530 eV for CeNi0.5Zr0.5Oy (d), CeNi1Zr0.5Oy (d) and CeNi2Zr0.5Oy (d) in addition to a small shoulder present at 532 eV. With CeNi5Zr0.5Oy (d), 3 peaks appear at 533.5/532.5/530 eV due to the fact of deposition of O' species on the surface of the catalyst. Some changes in the distribution of cerium and oxygen on the surface of the catalyst are observed in the data collected in Table73. The distribution between Ce 3+ and Ce 4+ varies when considering the spent catalyst and the fresh catalyst where x = 0.5 and 2. With CeNi0.5Zr0.5Oy (d), the distribution of cerium species which was 65 % Ce 4+ and 35 % Ce 3+ becomes 79 % Ce 4+ and 21 % Ce 3+ and with CeNi2Zr0.5Oy (d), the distribution of cerium species which was 82 % Ce 4+ and 18 % Ce 3+ becomes 71 % Ce 4+ and 29 % Ce 3+ .

	-1 )	Carbon (cm -1 )

Table 73

 73 Quantification data obtained from XPS for atomic percentage in CeNixZr0.5Oy dried catalysts after test for 31 hours with a pretreatment in H2 at 200 °C.

		Ni 2p3/2	Ni 2p3/2 satellite	Zr 3d	O 1s	Ce 3d		C 1s
	CeNi0.5Zr0.5Oy	855.7	861.5	184.8/182.4	532.1/530	917/901.1/898.6/882.6	285.1
	CeNi1Zr0.5Oy	855.5	860.9	184.8/182.4	531.6/529.9	917/901.2/898.7/882.6	284.8
	CeNi2Zr0.5Oy	856.1/853.5	861	184.8/182.5	529.9	917/901.3/898.7/882.7	284.5 /282.8
	CeNi5Zr0.5Oy	855.9	861.3	185/182.6	533.5/532.5/530	917/901.3/899.1/883.3	284.5
						% at		
			Ni 2p3/2		Ce 3d		O 1s
	Catalyst		Ni 0	Ni 2+	Ce 4+	Ce 3+	O 2-	OH	O'
	CeNi0.5Zr0.5Oy (c)	0	100	79	21	51	45	4
	CeNi1Zr0.5Oy (c)	0	100	82	18	62	38	0
	CeNi2Zr0.5Oy (c)	0	100	71	29	40	60	0
	CeNi5Zr0.5Oy (c)	13	97	86	14	20	59	21

3. CeNi5Zr0.5Oy dried catalyst after test without in-situ pretreatment in H2 after 80 hours III.7.3.1 Raman analysis

  

	On the spent CeNi5Zr0.5Oy (d) catalyst after test of 80 hours without pretreatment in H2 (Figure

Table 74

 74 Raman signal positions for CeNi5Zr0.5Oy fresh dried and spent catalysts after test of 80 hours without pretreatment in H2.CeNi5Zr0.5Oy (d) catalyst after test for 80 hours without pretreatment in H2 is also analyzed by XPS and the corresponding results are presented in Figure86and Tables75 and 76. The main emission signal of Ni 2p3/2 shows a doublet at 855.6/852.9 eV with the satellite peak being at about 861.6 eV. O 1s XPS signal shows a broad peak at 529.8 eV induced by the main presence of O 2-species, with a small shoulder at about 531.5 eV. In the Ce 3d XPS spectrum, the main peaks evidence the main presence of Ce 4+ cations. Zr 3d spectra allows to see the presence of 2 signals at 184.8 and 182.5 eV, related to Zr 4+ . A single carbon peak at 284.4 eV due to C-C bonding is only related to adventitious carbon in approval with Raman and mass variation analysis. Most samples that have been exposed to the atmosphere will have a detectable quantity of adventitious carbon contamination and can only be removed by removed by argon sputtering (unavailable in our Raman apparatus). In comparison to the fresh catalysts, changes at the level of the Ni 2p3/2 and O 1s levels can be reported. The main emission peak of Ni 2p3/2 presents the appearance of a shoulder at 852.9 eV, showing the presence of Ni 0 . and 10 % of metallic nickel is estimated to be present at the surface of the catalyst after test without pretreatment in hydrogen. The majority of Ce cations is found to be Ce 4+ (72 %) and the rest are in the state of Ce 3+ . Oxygen species are can be attributed as 60 % O 2-, 35 % OH and 5 % corresponding to O' species. The percentages of Ce 4+ decreases after test from 88 % (on fresh catalyst) to 72 %

	F 2g ceria peak position (cm -1 )	S 1 +S 2 (cm -1 )	Carbon (cm -1 )
	fresh	spent	fresh	spent	spent
	451	unresolved	490-690	534	1308-1589
	III.7.3.2 XPS analysis				

Table 75

 75 Binding energies for the different XPS signals obtained for CeNi5Zr0.5Oy (d) catalysts after test for 80 hours without pretreatment in H2.

	Binding energy (eV)

Characterizations of CeNixAl0.5Oy calcined spent catalysts III.8.1. CeNixAl0.5Oy calcined catalysts after 5 hours test with pretreatment of 250 °C III.8.1.1. Raman analysis

  

Table 78 .

 78 These results are in agreement with the presence of small nanoparticles and the solubility of Ni 2+ (and Al 3+ ) into CeO2 creating anionic vacancies that amount is increased after test. In general, some variations can be seen between the spectra of fresh and spent catalysts in the Ni 2p3/2 region. The main emission peak is observed at 855.3 eV, 856.6 eV and 856.1 eV in CeNi0.5Al0.5Oy, CeNi1Al0.5Oy and CeNi2Al0.5Oy respectively. In fact, this signal consists of 2 peaks appearing as a wide and broad single peak, that can be slightly differentiated when x = 1. Al 2p orbitals appear at around 74 eV in all the catalysts and almost at constant binding energy after test. The Ce 3d region shows the main presence of Ce 4+ cations, with the presence of Ce 3+ (Table79). At the level of O 1s, all spent catalysts present a peak at 530 eV. Another additional peak is observed at 532.6 eV in CeNi1Al0.5Oy. There is a variation in the binding energies of the O 1s signals compared to fresh catalysts (530 and 531 eV). The oxygen species present in CeNi0.5Al0.5Oy after test are 38 % O 2-, 57 % OH and 5 % O' (

	-1 )	Carbon (cm -1 )

Table 79 )

 79 . With CeNi1Al0.5Oy after test, an increase in OH species is observed after test to reach 81 %

	and that of O 2-becomes 13 % (before test 51 % O 2-and 42 % OH). Moreover, the distribution
	of cerium cations becomes 89 % Ce 4+ and 11 % Ce 3+ for CeNi0.5Al0.5Oy (compared to 83 %
	Ce 4+ and 17 % Ce 3+ ), 48 % Ce 4+ and 52 % Ce 3+ for CeNi1Al0.5Oy (compared to 87 % Ce 4+ and
	13 % Ce 3+ ) and 39 % Ce 4+ and 61 % Ce 3+ for CeNi2Al0.5Oy (compared to 94 % Ce 4+ and 6 %
	Ce 3+

Table 78

 78 

	Binding energy (eV)

Binding energies for the different XPS signals obtained for CeNixAl0.5Oy (c) catalysts after test for 5 hours with a pretreatment in H2 at 250 °C.

5Oy calcined catalysts after 80 hours test with pretreatment at 300 °C III.8.2.1. Raman analysis

  Raman spectrum for spent aluminum-based compound is analyzed after 80 hours. test with a pretreatment in H2 at 300 °C as shown in Figure90. The numerical values of these signals are presented in Table80. A single sharp peak can be observed which could be attributed to the F2g ceria peak. It appears at a wavenumber of 460.4 cm -1 close to the value obtained on simple calcined ceria. The signals observed previously in S1 + S2 zone are hardy observable after test

Table 80 Raman

 80 

signal positions for CeNi2Al0.5Oy fresh calcined and spent catalysts after test of 80 hours with a pretreatment in H2 at 300 °C.

F 2g ceria peak position (cm -1 ) S 1 +S 2 (cm -1 ) Carbon (cm -1 )

  

	fresh	spent	fresh	spent	spent
	456.5	460.4	558.1	-	1319, 1593
	III.8.2.2. XPS analysis				
	Figure 91 shows the XPS spectra obtained on CeNi2Al0.5Oy calcined catalyst after test for 80
	hours with a pretreatment in H2 at 300 °C. Ni 2p3/2 main emission peak is present at 855.7 eV
	(				

Table 81 )

 81 evidencing the presence of Ni 2+ cations which didn't change after test and its characteristic satellite peak being at 861 eV. The Ce 3d spectrum show clearly still the main presence of Ce 4+ cations in all cases. It must be noted that Ce at 917 eV is used as a reference to analyze carbon eventual formed. The B.E. for C 1s is at 284 eV in agreement with adventitious carbon which is in confirmation with the mass variation method that showed no carbon production after test. 2 unresolved peaks appear for O 1s at 533.2 eV and 529.9 eV corresponding to O 2-, OH and other O' species on the surface that could be due to adsorbed water or organic compounds, as, these positions were at lower values before test (529.8 and 532 eV). Al 2p core level remains the same binding energies after test(74.2 eV). XPS on this spent catalyst shows 100 % Ni 2+ species (Table82). Moreover, Ce 3d are distributed between 70 % Ce 4+ and 30 % Ce 3+ . So, the quantity of Ce 4+ ion decreases after test (from 94 %). After 80 hours in OSRE, lots of organic substances or adsorbed water become deposited on the surface

Table 81

 81 Binding energies for the different XPS signals obtained for CeNi2Al0.5Oy calcined catalyst after test for 80 hours with a pretreatment in H2 at 300 °C.

	Binding energy (eV)

Table 82

 82 Quantification data obtained from XPS for atomic percentage in CeNi2Al0.5Oy calcined catalyst after test for 80 hours with a pretreatment in H2 at 300 °C.

				% at			
			Ni 2p3/2	Ce 3d			O 1s	
	Catalyst	Ni 0	Ni 2+	Ce 4+	Ce 3+	O 2-	OH	O'
	CeNi2Al0.5Oy (c)	0	100	70	30	18	14	68

  Globally, on a high majority of compounds, Raman analysis after test show that F2g ceria peak becomes less intense in comparison to the local vibrations of the various oxygen deficiency complexes induced by oxygen vacancies increase. This ensures the continuous redox processes occurring in OSRE reaction leading to the good performance and stability over time. It appears that the substitution of Ce 4+ by lower valence cations or other cations (Ce 3+ , Ni 2+ , Al 3+ , Zr 4+ ) in a solid solution is still present after test, with anionic vacancies, and even increased.The binding energies of the different XPS signals did not change even after 80 hours in OSRE indicating the persistence of the strong interactions between the different species present however variations in these ionic distributions has taken place. Most of the cerium species measured after test with in-situ pretreatment in H2 at 250 °C are in the high oxidation state (Ce 4+ ). The percentage of Ce 3+ cations in CeNixOy calcined catalysts after test increases with respect to Ce 4+ insuring the reduction of some cerium species during test. However, under same conditions, CeNixZr0.5Oy (c) catalysts shows oxidation of these species except for CeNi5Zr0.5Oy (c) catalyst that presents best catalytic performance among all. This CeNi5Zr0.5Oy (c) catalyst shows even more reduction of Ce 4+ species after 80 hours in OSRE, estimated at around 64 % Ce 4+ (compared to 77 % after 31 hours). At this high Ni/Ce ratio, this slight reduction degree is and pretreatment in H2 at 200 °C (after 31 hours) that could be correlated to formation of carbon evidenced by Raman and XPS. The carbon reported in XPS and Raman is contributed by adventitious carbon in most cases, in agreement with the absence of carbon measured after test and Raman analysis.This study makes proof that the previously prepared catalysts are enough stable to keep the oxidative steam reaction of ethanol under process and to avoid carbon formation. BET, XRD, Raman, TPR and XPS. The dried catalysts have a specific surface area varying from 81 to 198 m 2 /g. The same calcined catalysts have a lower specific surface, ranging from 60 to 134 m 2 /g. Whatever the nickel content of the catalysts, the ceria phase is always present. For calcined catalysts, a phase corresponding to NiO appears when x is greater than or equal to 0.5. For the dried catalysts, a phase corresponding to Ni(OH)2 is present when x is greater than or equal to 0.5. The Scherrer equation gives an average size of the NiO crystallites of 11 to 14 nm and the ceria phase of around 7 nm in calcined binary catalysts. The average crystallite size of Ni(OH)2 and CeO2 in binary dried catalysts are of about 9 nm and between 3 and 5 nm, respectively. The same analysis is carried out on the ternary catalysts, with either aluminum or zirconium. The specific surface area of dried Zr based catalysts is estimated to be between 186 and 112 m 2 /g, larger than those of calcined Zr based catalysts that have a specific surface area between 71 and 130 m 2 /g. Concerning Al based calcined compounds, this area is estimated to be between 125 and 154 m 2 /g and it increases with the increase in Ni content in the catalyst. Whether the catalysts are with aluminum or zirconium, and regardless of their nickel content, all have a ceria phase. The NiO phase is present in all catalysts, except for CeNi0.5Al0.5Oy. It is therefore likely that when NiO phase is not detected, the Ce 4+ cations inside the ceria phase are replaced by Ni2+ or Al 3+ or Zr 4+ cations with formation of a solid solution of cerium nickel (and aluminum or zirconium). The average sizes of NiO crystallites are between 5 and 9 nm for catalysts with aluminum (which shows that aluminum provides good dispersion), and 12 to 13 nm for catalysts with zirconium. Absence of separate ZrO2 and Al2O3 XRD diffraction patterns indicates that Al and Zr ions are well dispersed. Similar results were reported in the literature for the CeO2-ZrO2 mixed oxide materials400, 401 . Similar to the binary catalysts, these ternary catalysts exhibitdifferent Ni 2+ species that are reducible (TPR) in different environments402 . When increasing the temperature in H2, different Ni 2+ species are reducible according to this order: those in strong interaction in solid solution of cerium and nickel, those of small NiO nanoparticles possibly present (not visible by XRD), and those of NiO observed in XRD

	Calcined and some dried, CeNixOy binary catalysts, ternary catalysts with aluminum
	CeNixAl0.5Oy or with zirconium CeNiXZr0.5Oy are synthesized and characterized by different
	methods and then tested in oxidative steam reforming of ethanol (OSRE), with different
	reaction parameters such as O2/EtOH ratio, pretreatment in hydrogen and pretreatment
	temperature, mass of catalyst, in order to see their impact on the conversions of ethanol and O2,
	the gaseous products distributions (H2, CO2, CO, CH4, acetaldehyde, acetone) as well as carbon
	formation.
	The binary, dried and calcined catalysts, CeNixOy (0.1 ≤ x ≤ 5) are analyzed by different
	techniques such as XRF,
	Chapter IV: General
	even maintained on the dried catalyst (without calcination, CeNi5Zr0.5Oy (d)) after 80 hours in
	OSRE being previously pretreated in H2 at 250 °C leading to the following balance: 60 % Ce 4+ and 40 % Ce 3+ . In Zr based solids (x = 0.5, 1, 2) in-situ pretreated in H2 at 250 °C the presence discussion
	of Ce 4+ is well maintained under reaction stream and even better compared to those pretreated
	in H2 at 200 °C where reduction of these species occur even if Ce 4+ are the main dominating
	species. CeNi5Zr0.5Oy, dried or calcined, pretreated in hydrogen at 200 °C or 250 °C, insures
	the reduction of Ce 4+ into Ce 3+ unlike other Zr catalysts( x = 0.5, 1, 2). On Al based compounds,
	reduction of the cerium cations is observed after test when x = 1 and 2 and only a slight
	oxidation of Ce 3+ is observed when x = 0.5. Big variations in oxygen composition between OH
	and O 2-groups are observed after test, probably related to the fact that the oxygen storage
	capacity and redox property of CeO2 and modified ceria greatly influences the reaction
	pathway.
	In most cases after test, nickel species present at the surface of the catalyst are Ni 2+ cations.

Small evidence of metallic nickel

(Ni 0 

) is observed on CeNi2Al0.5Oy (c) estimated to be around 4 % as well as on CeNi5Zr0.5Oy (d) after test of 80 hours with around 10 %. Some evidences of Ni 0 (around 13 %) is collected too on CeNi5Zr0.5Oy (c) with pretreatment in H2 at 250 °C (after 80 hours)

  In the present study, several conclusions emerge, in particular that of saying that nickel plays a key role in the performance of the catalyst. The increase in nickel content in the catalysts can help promote the OSRE for hydrogen production. The study of CeNixZr0.5Oy dried catalysts after in-situ pretreatment in hydrogen at 250 °C under EtOH/H2O/O2/N2 = 1:3:1.7:N2 has shown different efficiencies for hydrogen production starting with 30 % of H2 in products distribution with x = 0.5 till 47 % of H2 when x = 5. Main products percentages increase with the increase in nickel content while CO and CH4 decrease, in studied conditions. Same effect is observed on binary and ternary Al based catalysts, where the highest ethanol conversion and main products percentages are owed to catalysts with higher nickel content. Moreover, at a low O2/EtOH ratio of 1.42, only catalysts with nickel over cerium ratios larger or equal to 1 are able to function well in OSRE without deactivation otherwise the catalysts deactivate during the first two hours under stream. This is consistent with the findings ofYan et al. 406 and Mondal et al. 

	is greater than those of Ni 2+ (0.7Å),
	Al 3+ (0.53 Å) and Zr 4+ (0.8Å) 405 are in agreement of formation of solid solution of Ce-Ni-(M)-
	O.

174 over Ni/CeO2-ZrO2 catalysts. Increasing Ni content is known to increase the possibility of formation of carbon. It has been shown before on Mg2AlNiXOY catalysts that with the lowest

  . However, in parallel with its very high activity, Ni leads to the significant formation of carbon, which presents a major drawback. Consequently, much research has focused on optimizing the preparation and formulation of Ni-based catalysts in order to maintain high activity while limiting carbon formation. Although it is generally recognized that the determining (limiting) step is the breaking of the C-H bond, the exact nature of the active and selective nickel species is still the subject of debate in the literature. Zr based catalysts however the amount of carbon formed in presence of Zr based catalysts is still inferior to those of binary catalysts. It was reported that ZrO2 improves the oxygen storage capacity of CeO2 which improves catalytic activity 303 . Fornasiero et al. reported too that catalysts based on CexZryOz have a high OSC and redox property 415 . Doping the catalyst with Zr is better than doping with Al, since this can decrease the amount of byproducts obtained and eliminate the possible carbon formation that could be produced on Al based catalysts. Al compounds can be considered better when using low Ni/Ce ratio (0.5) since it can be started at lower temperatures unlike the Zr based compound with low Ni/Ce ratio.

	Addition of zirconium improves the performance of the catalyst in OSRE. At a low value of
	1.4 and low nickel content (x = 0.5), CeNixOy catalysts deactivate sooner after around two hours
	under stream and only by doping these catalysts with zirconium increases the stability of these
	compounds to prevent deactivation and improve ethanol conversion. At this ratio, high amounts
	of carbon are formed within time (around 274 mg/h.gcatalyst using CeNixOy (c)) in both series of
	binary and ternary Doping CeNixOy catalysts with Zr leads to higher conversions of ethanol (97-100 %) compared

  5), Al-based catalysts require lower starting temperature (200 °C) than those of Zr-based catalysts (250 °C) for OSRE after in-situ pretreatment in H2 at 250 °C.Catalysts under specific reaction conditions with the best results are conducted again for 80 hours in OSRE to check their stability for a long time (EtOH/H2O/O2/N2 = 1:3:1.7: N2 and DL = 0.1 ml/min). CeNi5Zr0.5Oy (c) pretreated in H2 at 250 °C gives the best results: 100 % conversion of ethanol, and 51 % H2, 36 % CO2 and 12.6 % CO, 0.1 % CH3CHO and 0.4 % CH4 in products distribution. While CeNi5Zr0.5Oy (d) pretreated in hydrogen at 250 °C leads to 100 % of ethanol conversion and 47.2 % H2, 34.7 % CO2, 15.6 % CO, 1.8 % CH4 and 0.7 % CH3CHO in products distribution. The same catalyst in same conditions, tested again without pretreatment in hydrogen, shows stable results as reported after 5 hours. Finally, CeNi2Al0.5Oy pretreated in hydrogen at 300 °C allows 100 % conversion of ethanol distributed among the following products: 43.9 % H2, 34.7 % CO2, 18.8 % CO, 1.3 % CH3CHO and 1.3 % CH4 after 80 hours in OSRE. All the presented studies show high stability over 80 hours in OSRE as well carbon elimination during the process. The CeNixHzOy and CeNixMnHzOy oxyhydrides(30 mg) 

% H2, 30 % CO2, 27.7 % CO and 2.8 % CH3CHO in products distribution after 5 hours.However, when the Ni content increases in CeNi1Oy (c), these values are ameliorated to be 44.7

Table 51 positions of main peak of ceria, average crystal size (nm) of NiO and CeO2 crystals in CeNixAl0.5Oy (c).

and 562.8 cm -1 after test with pretreatment temperatures in hydrogen of

°C and 200 °C, respectively. 

General conclusion
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appears more intense on non-calcined compounds and more intense going to higher Ni ratios (x = 2 and 5). It has to be noted that carbon is always present on dried and calcined compounds. This is due to adventitious carbon that cannot be avoided while performing XPS analysis, and used as a reference (at 285 eV). Signals produced due to C-C bonding are found at around 285 eV and those of C-O bonding at 286 eV 345 . (1)

(2)

(3) (4) 48). These satellites are typical for Ni 2+ cations [START_REF] Carley | The formation and characterisation of Ni 3+ on X-ray photoelectron spectroscopic investigation of potassium-doped Ni(110)[END_REF]353,354 originating from multielectron processes 355 . According to the literature, the broadness appearing in the peak at 855.5 eV arises due of the strong interaction between NiOx species and the support [START_REF] Daza | High-Stable Mesoporous Ni-Ce/Clay Catalysts for Syngas Production[END_REF] CeAl0.5Ni2Oy (c) 28.6 5 3

III.4.3. Raman studies of CeNixAl0.5Oy catalysts

Figure 65 represents the Raman analysis of ternary catalysts containing aluminum. The position of the main peak, attributed to ceria phase is at 452.9 cm -1 for CeNi0.5Al0.5Oy and CeNi1Al0.5Oy and at 456.5 cm -1 for CeNi2Al0.5Oy (Table 52). The nano-crystallized ceria has been reported

previously at 460 cm -1 so a deviation to lower wavenumbers appears on all catalysts. The peaks (3) (4) Table 57 Binding energies for the different XPS signals obtained for CeNixOy (c) catalysts after test (Fig. 73). The additional features supported by XPS allows to reveal the atomic changes happening at the surface of the catalyst. These are investigated in Table 58 that summarizes the quantification data obtained on the spent catalysts of CeNixOy (c). Starting with cerium, the elemental distribution between Ce 4+ and Ce 3+ changes clearly after OSRE for CeNi1Oy (c) and CeNi5Oy (c).

Binding energy (eV)

The distribution of cerium cations at the surface of CeNi1Oy (c) becomes 75 % Ce 4+ and 25 % Ce 3+ (before test: 86 % Ce 4+ and 14 % Ce 3+ ) evidencing a higher amount of Ce 3+ cations, and so a slightly more reduced compound after test. However, on all compounds the Ce 4+ cations remain the main species in presence, after test. Similarly, with nickel, although all contributions correspond to Ni 2+ cations and that some evidence of Ni 0 is reported only when x = 5 (however cannot be calculated), the environment of these nickel species changes after test proved by the shifting of binding energies. As a matter of fact, some XPS signals appearing on fresh catalyst on account of coke formation 416. Oxides like CeO2, ZrO2, MgO, ZnO, and La2O3 or mixed oxides, could inhibit carbon deposition to some extent 137, 417, 418. O2/EtOH ratio is an important factor in OSRE process. On CeNi1Oy binary catalyst an increase in O2/EtOH ratio from 1. 419 . In that study, when oxygen was added to the system, the overall reaction changed from being endothermic at an O/C-ratio below 0.36 to exothermic at O/C-ratios above this value. This is similar to our observations leading to increase of the temperature of catalytic bed to values higher than 300 °C knowing that the oven temperature is fixed at 50 °C.

The calcination step subjected to the catalyst prior to OSRE has a drastic effect on carbon formation when considering low O2/EtOH ratio of 1.42. The amount of carbon produced in OSRE with CeNi1Oy catalyst after calcination is around 13 times greater (274 mg/h.gcatalyst) than those on the dried catalyst (21 mg/h.gcatalyst). However, one can remark that the results obtained on the dried and calcined CeNi5Zr0.5Oy and CeNi5Oy compounds are relatively small, while the dried compound requires much less energy to be prepared. Other studies showed that calcination was pivotal in deciding the activity and stability of Ni catalysts and that at a high calcination temperature of 900 °C, the textural and crystalline structure of the catalysts were

Annex

Preparation of the catalysts:

The following catalysts CeNixOy (binary) or CeNixM0.5Oy (ternary), where M = Al or Zr were prepared using precursors based on nitrates: Ni (NO3)2.6H2O (purum > 97.0 % -Fluka), Ce(NO3)3.6H2O (purity ≥ 99.0 % -Fluka), Al(NO3)3.9H2O (ACS reagent ≥ 98 % -Sigma-Aldrich) and Zr(NO3)4.5H2O. The method utilized is co-precipitation. The nitrates solution with a concentration of 0.5 mol/l is coprecipitated using a mixture of methanol and triethylamine (TEA). The resulting mixture is then mixed and filtrated. X-Ray diffraction (XRD) analysis are conducted on a Brüker D8 Advance X-ray diffractometer.

The diffractograms are recorded at 2θ = 20-90°, with a pitch of 0.02°. The average crystallites size was calculated based on the width of the main diffraction peak as assessed with the MDI Jade 6.5 software using the Scherrer equation from the most intense reflections observed for the NiO and CeO2 crystallographic structures: (1 1 1), (2 0 0), and (2 2 0).:

Where;

K is a structure constant (0.9 for spherical crystals) λ is the incident ray wavelength B is the peak width at half height after correction for instrumental broadening distribution. The formulas used for the calculations of conversion of ethanol and products distribution are the following:

-Formula used for calculation of ethanol (EtOH) conversion % ConversionEtOH= (nEtOH(initial) -nEtOH(final)) *100/ nEtOH(initial)

-Formula used to calculate the distribution of products (%) % X = (nX*100) / (Σ nXproducts)

Where, n is the number of moles, nEtOH(initial) is the number of moles of ethanol entering the reactor, nEtOH(final) is the number of moles of ethanol exiting the reactor, X is the product formed which could be H2, CO2, CO, CH4 or CH3CHO.

-To calculate carbon formation after test, the mass variation method is used. The mass of the reactor (including the catalyst) after test is subtracted to the mass of the reactor (including the catalyst) before test. Before measuring, the reactors must be well dried at 100 °C.

Mass carbon formed = (mass reactor) after test -(mass reactor) before test

Where, mass reactor is the mass of the system including the reactor and the catalyst.
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