Introduction 1.1 Overview

Diesel engines have extensive usage compared to gasoline engines due to their improved fuel economy, energy efficiency, high durability and reliability. They can also effectively reduce CO 2 emissions. Thus, Diesel engines as the power source of commercial transport have been widely employed in trucks, cars, buses, trains and ships as well as off-road industrial vehicles. However, the high emissions of Diesel exhaust pollutants such as NO x and particulate matter (PM) have become a severe environmental problem worldwide, and the pollutants have a potential threat to human health. In order to protect the environment and improve human health level, many countries in the world have paid much attention to Diesel emission control. Thus, in Europe, North America and China, the government has enacted restrictive legislation to limit the pollutants emissions.

To comply with the restrictive standards, soot particulate emission from Diesel vehicles exhaust and control technology have attracted much attention in recent years.

The most effective method to reduce soot particulate emissions is to apply wall-flow Diesel particulate filter (DPF) in exhaust post-treatment system. As soot particles pass through the filter, they are intercepted and collected in the wall-flow substrates by physical filtration and then burned by chemical method. The regeneration of DPF has two ways: active regeneration and passive regeneration. Active regeneration can be periodically applied to DPF by burning soot with O 2 at higher temperatures (> 550 °C). Its serious problem is higher regeneration temperature and energy supply. However, passive regeneration can allow the oxidation of soot particulates to occur at the low exhaust temperature through a catalytic reaction process. It can provide a more effective regeneration and reduce the cost of vehicle operator and engine management.

Precious metal catalysts and ceria-based oxides materials have been widely studied Chapter I. Introduction and applied in DPF passive regeneration and show an excellent performance in decreasing soot oxidation temperature. Small amounts of NO in Diesel exhaust gas can be effectively oxidized into NO 2 on the precious metal catalysts especially platinum catalysts, the NO 2 will promote the oxidation of soot under a temperature range of 200-450 °C. However, precious metals as rare resource are very expensive.

Furthermore, the optimization of modern engine combustion technology has decreased the concentration of NO x in exhaust gas. These would limit the application of precious metal catalysts. On the other hand, Ce-based mixed oxides have strong oxygen storage capacity and redox ability, they are able to transfer O 2 into active oxygen species and then oxidize NO and soot at low temperatures, showing high catalytic performance. Due to relatively low cost of Ce-based catalyst, it is promising to be a commercial catalyst for DPF passive regeneration. Therefore, in my PhD work, MnO x -CeO 2 mixed oxides as catalyst was used to evaluate the catalytic oxidation reaction of soot.

Many studies reported that the use of Biofuel/Biodiesel induces significantly lower soot deposits in DPF, which might decrease the need of active regeneration and thus the fuel consumption. So Biodiesel as a new energy has also become a focus of soot emission control. It would be a trend of energy market for Diesel vehicles. Based on this case, the effect of the use of Biodiesel on DPF active regeneration and passive regeneration should be studied in details, including soot nanostructure, soot surface property, soot noncatalytic and catalytic oxidation reactivity as well as impact of Biodiesel impurities, and so on. Thus these are also main works in my PhD research.

In this research, the structure and reactivity of model soot and real Biodiesel soot The third chapter introduces the main experimental methods, including different characterizations such as Laser Granulometry, BET, XRD, HRTEM, Raman, TGA, Temperature-Programmed Reduction (TPR), Temperature-Programmed Desorption (TPD), Diffuse Reflectance Infrared Fourier Transform Spectra (DRIFTS), X-ray Photoelectron Spectra (XPS) and reactivity evaluation of soot by TPO method. Their experimental equipment and operating conditions are also described. Moreover, the calculation equations of some characterization parameters and soot oxidation rate are also introduced. Some materials used for soot and catalyst preparation are presented in this chapter.

Chapter I. Introduction

The fourth chapter mainly focuses on the effect of NO adsorption/desorption on catalytic performance of MnO x -CeO 2 catalyst for soot oxidation. Firstly, materials preparation method is described, MnO x -CeO 2 mixed oxides are prepared through co-precipitation and then high-temperature calcination. The mixed oxides are treated in 600 ppm NO/10% O 2 /N 2 at 350 °C for 30 min to obtain NO-adsorbed sample. The next part is the characterization of NO-adsorbed MnO x -CeO 2 catalyst by DRIFTS, XPS, Raman, NO x -TPD and Soot-TPR, and the effect of NO adsorption and desorption on physicochemical property of the catalyst is analyzed. In final, the soot oxidation activity is evaluated by TPO method and isothermal reactions and we also compares the catalytic reactivity of soot before and after the exposure of catalyst in NO. This chapter also discusses the reason why the presence of NO promotes soot oxidation reactions.

The work in chapter 5 mainly focuses on the study on structure and reactivity of model and Biodiesel soot samples. In the materials preparation, the real Biodiesel soot samples are obtained in an engine bench equipped with a Euro VI post-treatment system containing DOC and DPF, the model soot samples are prepared through the combustion of model fuels in an steady co-flow laminar diffusion flame burner. MnO x -CeO 2 mixed oxides are also prepared by a co-precipitation and used to evaluate the catalytic reactivity of soot. In the characterizations, the physicochemical properties of Biodiesel and model soot samples are analyzed through laser granulometry, HR-TEM, XRD, Raman. In soot oxidation activity measurement, the non-catalytic and catalytic reactivity of Biodiesel and model soot samples are tested through temperature-programmed oxidation (TPO) method under model DPF regeneration conditions. Finally, the correlation of soot oxidation reactivity with the structure is also presented in this chapter.

In chapter 6, the activated Biodiesel and Printex U soot samples are prepared by temperature-programmed oxidation (TPO) with rising the temperature from 25 °C up to 500 or 600 °C. The aim of this work is to investigate the impact of activation process on the structure, surface and reactivity of soot. The structural property of Chapter I. Introduction activated soot is analyzed by BET, Laser granulometry, HRTEM and Raman and the surface property is studied by DRIFTS and XPS. The oxidation reactivity of soot samples is evaluated through TPO method and isothermal experiments. In final, the factors that affect the reactivity of the activated soot samples are discussed based on the physicochemical characterizations.

In chapter 7, the study mainly focuses on the effect of Biodiesel impurities such as K, Na and P on the noncatalytic and catalytic reactivity of soot under model DPF regeneration conditions. A real engine soot is used for this experiment and these Biodiesel impurities are doped into this soot by a saturated impregnation method.

Then the reactivity of the doped soot samples is measured by TPO method under different reaction conditions, and this research also presents different activity effects of K, Na and P doping. The physicochemical properties of the doped soot are characterized by BET, Raman, HRTEM and XPS and correlated to their reactivity.

The last part is a summary of all works and the perspectives for future study on Biodiesel/Diesel soot oxidation. The main results of the experimental chapters including chapter 4, chapter 5, chapter 6, chapter 7 are presented, which would contribute to the further study on DPF active regeneration and passive regeneration.

In addition, based on these conclusions, some suggestions are provided for further research on soot particulate combustion.

Objectives of Ph.D. work

My PhD research mainly focuses on the structure, surface and reactivity of Biodiesel soot as well as the effect of NO adsorption/desorption on the catalytic performance of MnO x -CeO 2 mixed oxides. The related work is as follows:

(1) Real Biodiesel soot and model soot were prepared through a real engine bench and a laminar burner, respectively. Printex U model soot that is often used for experimental study was also considered as a comparison. This work investigated and Chapter I. Introduction compared their non-catalytic and catalytic reactivities and structural properties by a series of characterizations and TPO measurements. Furthermore, the relationship between the structure and the reactivity was also analyzed.

(2) The previous work (1) revealed that the presence of NO apparently promoted the catalytic reactivity of MnO x -CeO 2 catalyst for soot oxidation. Thus, this work studied the role of NO adsorption/desorption in MnO x -CeO 2 catalyst on soot oxidation activity. It was found that NO adsorption/desorption promoted low-temperature soot oxidation reactivity. The result was further analyzed through a series of characterizations such as DRIFTS, XPS, Raman, NO x -TPD, Soot-TPR, TPD-MS, and so on.

(3) The activated/oxidized Biodiesel soot and Printex U model soot were prepared by TPO method, and then their non-catalytic and catalytic reactivities were studied. TPO gave an evidence that the activated Printex U exhibited more apparent promotion on the reactivity than the activated Biodiesel soot. A series of characterizations such as XPS, HRTEM, DRIFTS, Raman were tested to analyze the structure and surface of the activated soot samples.

(4) A real Biodiesel soot was impregnated by an aqueous solution of NaNO 3 , KNO 3 or NH 4 H 2 PO 4 . Then the non-catalytic and catalytic reactivities of the doped soot samples were evaluated through TPO method under model exhaust gas conditions.

The results confirmed the impact of Biodiesel impurities on the reactivity. The physico-chemical properties of the doped soot were also analyzed by BET, Raman, HRTEM and XPS.

Chapter II. Literature review on soot emission control

Literature review on soot emission control 2.1 Diesel exhaust emissions, environment pollution and health impact

With the fast development of social economy and continuous progress of industrialization, the rapid increase of motor vehicles has led to the severe air pollution and climate impact due to high emissions of vehicle exhaust gas [1][2][3][4][START_REF] Faiz | Air pollution from motor vehicles: standards and texhnologies for controlling emissions[END_REF][START_REF] Dhariwal | Control of blowby emissions and lubricating oil consumption in I.C. engines[END_REF][START_REF] Krzyzanowski | Health effects of transport-related air pollution[END_REF][START_REF] Englert | Fine particles and human health-a review of epidemiological studies[END_REF][START_REF] Hoeft | Response of nitrogen oxide emissions to grazer species and plant species composition in temperate agricultural grassland[END_REF][START_REF] Kampa | Human health effects of air pollution[END_REF].

Transport has become a larger source of urban air pollution, which arouses a serious public health problem in many cities of the developing world. It has been reported that air pollution in developing countries account for tens of thousands of excess deaths and billions of dollars in medical costs and loses productivity every year [START_REF] Faiz | Air pollution from motor vehicles: standards and texhnologies for controlling emissions[END_REF][START_REF] Sivaloganathan | Case report: death from diesel fumes[END_REF].

The World Health Organization (WTO) estimated that air pollution arouses the death of around 2.4 million people each year [START_REF]Estimated deaths & DALYs attributable to selected environmental risk factors, by WHO member state[END_REF]. Nowadays, pollution control and environmental protection have become important subjects and are widely concerned by many countries. In order to prevent air pollution and pollutant emissions, many agencies and organizations (EPA, OECD, IPCC, IEA, EEA, etc.) were established worldwide [4,[START_REF]Organisation for Economic Co-Operation and Develeopment (OECD), Environmental outlook to 2050-climate change chapter[END_REF][START_REF]Climate change indicators in the United States[END_REF][START_REF]Annual European Union greenhouse gas inventory 1990-2000 and inventory report 2012[END_REF][START_REF]Intergovernmental Panel on Climate Change (IPCC), Climate change 2007: synthesis report[END_REF][START_REF]Strategies to reduce greenhouse gas emissions from road transport: analytical methods[END_REF]. These organizations reported that around the 20-30% of pollutant emissions originates from transport. To control pollutant emissions, they have made several legal arrangements, created several model structures, developed control systems and organized the structure of traffic.

Compared with gasoline engines, Diesel engines have lower operating costs, high energy efficiency, high durability and reliability and thus are widely employed in trucks, buses, trains, ships and off-road industrial vehicles. However, the emissions of pollutants from Diesel exhaust gas have resulted in significant environmental pollution and health problems. In fact, according to ideal thermodynamic equilibrium, the complete combustion of diesel fuel would only produce CO 2 and H 2 O in combustion chambers of engine [START_REF] Prasad | A review on diesel soot emission, its effect and control[END_REF]. But many factors such as the air-fuel ratio, air-fuel concentration, ignition timing, turbulence in the combustion chamber, combustion form and temperature lead to the generation of harmful products during Chapter II. Literature review on soot emission control fuel combustion [START_REF] Reşitoğlu | The pollutant emissions from diesel-engine vehicles and exhaust aftertreatment systems[END_REF]. As shown in Figure 2-1, the most significant harmful products in Diesel exhaust gas are CO, HC, NO x and PM. Pollutant emissions occupy around 1% in the Diesel exhaust gas, NO x and PM emissions have the highest proportion of Diesel pollutant emissions [START_REF] Reşitoğlu | The pollutant emissions from diesel-engine vehicles and exhaust aftertreatment systems[END_REF][START_REF] Khair | Diesel Emissions and Their Control[END_REF][START_REF] Johnson | Review of diesel emissions and control[END_REF][START_REF] Johnson | Review of Diesel Emissions and Control[END_REF]. Due to the lean combustion condition of Diesel engines, the concentration of CO and HC is minimal. Besides, the emission of SO 2 depends on the specifications and quality of fuel. In this section, the four main pollutant emissions (CO, HC, NO x , PM) are introduced, their impacts on environment and health are also illustrated. [START_REF] Reşitoğlu | The pollutant emissions from diesel-engine vehicles and exhaust aftertreatment systems[END_REF].

(1) Carbon monoxide (CO) emissions

The incomplete combustion process of fuel in Diesel engines results in CO emissions.

Diesel engines are lean combustion engines which have a high air-fuel ratio (λ > 1), so the formation of CO is minimal. Carbon monoxide is an odorless and colorless gas.

In humans, CO in the air is inhaled by the lungs and transmitted into the bloodstream.

It binds to hemoglobin and decreases its capacity to transfer oxygen. Higher CO concentration in the air would lead to asphyxiation, thus affecting the function of different organs and resulting in impaired concentration, slow reflexes, and confusion [START_REF] Kampa | Human health effects of air pollution[END_REF][START_REF] Reşitoğlu | The pollutant emissions from diesel-engine vehicles and exhaust aftertreatment systems[END_REF][START_REF] Raub | Health effects of exposure to ambient carbon monoxide. Chemosphere: global change[END_REF][START_REF] Walsh | Mobile source related air pollution: effects on health and the environment[END_REF][START_REF] Strauss | Carbon monoxide emissions from marine outboard engines[END_REF].

Chapter II. Literature review on soot emission control (2) Hydrocarbon (HC) emissions Hydrocarbon emissions consist of unburned fuels resulting from insufficient temperature which occurs near the cylinder wall. At this point, the temperature of air-fuel mixture is apparently lower than the center of the cylinder [START_REF] Demers | Guide to exhaust emission control options[END_REF][START_REF] Correa | Carbonly emissions in diesel and biodiesel exhauts[END_REF]. These HC species include alkanes, alkenes, aromatics, and so on. In Diesel engines, the fuel type, engine adjustment, and design can affect the emissions of hydrocarbons [START_REF] Reşitoğlu | The pollutant emissions from diesel-engine vehicles and exhaust aftertreatment systems[END_REF]. Besides, HC emissions in the exhaust gas depend on irregular operating conditions [START_REF] Payri | Hydrocarbon emissions speciation in diesel and biodiesel exhausts[END_REF][START_REF] Zheng | Biodiesel engine performance and emissions in low temperature combustion[END_REF]. the hydrocarbon emissions affect environment and human health. They can react with the other pollutants in air to form ground-level ozone. About 50% of the vehicle exhaust emissions are contributed to form ozone. Hydrocarbons are toxic with the potential to respiratory tract irritation and cause cancer [START_REF] Krzyzanowski | Health effects of transport-related air pollution[END_REF][START_REF] Diaz-Sanchez | The role of diesel exhaust particles and their associated polyaromatic hydrocarbons in the induction of allergic airway disease[END_REF].

(3) Nitrogen oxides (NO x ) emissions It is well known that the fuel in Diesel engines is ignited by highly compressed hot air.

Air is mainly composed of oxygen and nitrogen, it is drawn into the combustion chamber and mixed with fuel, the combustion of fuel releases a large amount of heat.

When the temperature reaches more than 1600 °C in the cylinders, it can cause the reaction between nitrogen and oxygen and thereby lead to generate NO x emissions [START_REF] Reşitoğlu | The pollutant emissions from diesel-engine vehicles and exhaust aftertreatment systems[END_REF]. The amount of NO x emissions is related to the maximum temperature in the cylinder, oxygen concentrations and residence time. Most of the emitted NO x is formed early in the combustion process due to the highest flame temperature [START_REF] Reşitoğlu | The pollutant emissions from diesel-engine vehicles and exhaust aftertreatment systems[END_REF].

Nitrogen oxides (NO x ) include nitrogen oxide (NO) and nitrogen dioxide (NO 2 ), and NO generally constitutes 85-95% of NO x . The two pollutants are distinctively different. NO is a colorless and odorless gas, while NO 2 is a reddish brown gas with pungent odor [START_REF] Chong | Enhancing the NO 2 /NO x ratio in compression ignition engines by hydrogen and reformate combustion, for improved aftertreatment performance[END_REF][START_REF] Hoekman | Review of the effects of biodiesel on NO x emissions[END_REF].

Nitrogen oxides emissions from Diesel exhaust gas are responsible for environmental pollution and health hazard. It was reported that NO x emissions result in the acidification, ozone formation, nutrient enrichment and smog formation, which have Chapter II. Literature review on soot emission control become important issues in many major cities worldwide [START_REF] Grewe | Attributing ozone to NO x emissions: implications for climate mitigation measures[END_REF]. In the atmosphere, NO x would react with other pollutants to form tropospheric ozone (the main component of photochemical smog) and other toxic pollutants. Besides, NO and NO 2 are considered to be toxic, but NO 2 has five times greater toxicity than NO and it is also a direct concern of human lung disease. NO 2 can irritate the lungs and decrease resistance to respiratory infection (such as influenza). NO x emissions are favorable for forming acid rain, which will affect both terrestrial and aquatic ecosystems. Nitrogen dioxide and airborne nitrate are also the components of pollutant haze that may decrease visibility [START_REF] Hoeft | Response of nitrogen oxide emissions to grazer species and plant species composition in temperate agricultural grassland[END_REF][START_REF] Maricq | Chemical characterization of particulate emissions from diesel engines: a review[END_REF].

(4) Particulate matter (PM) emissions

The combustion process in Diesel engines also causes a large number of particulate matter (PM) emissions, these particulates mainly result from the agglomeration of fine particles which include unburned fuel and lube oil, ash, sulfates and water [START_REF] Demers | Guide to exhaust emission control options[END_REF][START_REF] Maricq | Chemical characterization of particulate emissions from diesel engines: a review[END_REF].

The diameter size of Diesel particulates is generally in a range of 15-40 nm, and the size of most of PM (> 90%) is less than 1 µm in diameter [START_REF] Reşitoğlu | The pollutant emissions from diesel-engine vehicles and exhaust aftertreatment systems[END_REF]. PM emissions are related to many factors, including combustion process, fuel and lube oil quality, exhaust gas cooling, etc. [START_REF] Burtscher | Physical characterization of particulate emissions from diesel engines: a review[END_REF]. In general, the amount of Diesel particulate matter emissions are 6-10 times higher than that of Gasoline particulate matter emissions. Diesel particulate matter is composed of three main components: soot, soluble organic fraction (SOF) and inorganic ash [START_REF] Maricq | Chemical characterization of particulate emissions from diesel engines: a review[END_REF][START_REF] Ogyu | Ash storage capacity enhancement of diesel particulate filter[END_REF][START_REF] Sappok | Characteristics and Effects of Lubricant Additive Chemistry on Ash Properties Impacting Diesel Particulate Filter Service Life[END_REF][START_REF] Kain | Connecticut Diesel Emissions Control Technologies Forum[END_REF][START_REF] Liati | Microscopic investigation of soot and ash particulate matter derived from biofuel and diesel: implications for the reactivity of soot[END_REF]. More than 50% of particulate matter is soot (carbon black), the SOF components are often adsorbed and/or condensed on the surface of soot.

Many researchers have reported that Diesel particulate matter emissions apparently affect environment and human health [START_REF] Reşitoğlu | The pollutant emissions from diesel-engine vehicles and exhaust aftertreatment systems[END_REF][START_REF] Cheng | Real-time measurements of PM 2.5 , PM 10-2.5 , and BC in an urban street canyon[END_REF][START_REF] Cohen | Urban air pollution[END_REF][START_REF] Walker | Controlling particulate emissions from diesel vehicles[END_REF][START_REF] Zhang | Children's respiratory morbidity prevalence in relation to air pollution in four Chinese cities[END_REF]. In many major cities, a large number of PM emissions have led to low visibility, which severely affects people's production and life. Furthermore, the fine particles emitted to air also result in a change of the climate. Besides, fine particulate matters containing toxic components such as polycyclic aromatic hydrocarbons (PAHs) may cause lung damage and Chapter II. Literature review on soot emission control respiratory problems and even cancers when they go into human body through the respiration [START_REF] Englert | Fine particles and human health-a review of epidemiological studies[END_REF][START_REF]Strategies to reduce greenhouse gas emissions from road transport: analytical methods[END_REF][START_REF] Michael | Incidence and apparent health significance of brief airborne particle excursions[END_REF].

Diesel Particulate filter (DPF)

In order to control Diesel exhaust pollutant emissions and protect environment and human health, the exhaust post-treatment system has been designed and widely employed in Diesel vehicles. The pollutant control system mainly includes Diesel oxidation catalyst (DOC), Diesel particulate filter (DPF) and selective catalytic reduction (SCR) [START_REF] Reşitoğlu | The pollutant emissions from diesel-engine vehicles and exhaust aftertreatment systems[END_REF][START_REF] Williams | Impact of Biodiesel Impurities on the Performance and Durability of DOC, DPF and SCR Technologies[END_REF][START_REF] Naseri | Development of SCR on Diesel Particulate Filter System for Heavy Duty Applications[END_REF]. As shown in Figure 2-2, DOC unit is placed in the upstream of DPF and closer to DPF. The main function of DOC unit is to reduce hydrocarbons (HCs) and carbon oxide (CO) through catalytic combustion. Besides, a small part of fine soot particles and condensed HC droplets may be also oxidized in DOC unit. The catalysts in DOC are also able to oxidize NO to NO 2 , which has stronger oxidation ability than O 2 and can be used to regenerate the DPF. DPF is mainly applied to trap the particulate matters (PMs) in the exhaust gas and then regenerated periodically through physical and/or chemical methods. The role of the downstream SCR is to selectively reduce NO x pollutant to nitrogen by using ammonia. 

DPF filtration

As previously mentioned, one of the roles of DOC unit in exhaust post-treatment Chapter II. Literature review on soot emission control system is to oxidize soluble organic fractions (SOFs) of Diesel exhaust PM. As a result, particulate matter emissions would be reduced to a lower level. The introduction of DPF to the post-treatment system greatly improves the efficiency of PM emission control, and it becomes the best choice to fulfil Euro 6 standard.

DPF has been applied in Diesel PM emission control since 2000. Ceramic wall-flow filters show the highest filtration efficiency (> 95%) and then received the most attention [START_REF] Reşitoğlu | The pollutant emissions from diesel-engine vehicles and exhaust aftertreatment systems[END_REF][START_REF] Grossale | NH 3 -NO/NO 2 SCR for Diesel Exhausts Aftertreatment: Reactivity, Mechanism and Kinetic Modelling of Commercial Fe-and Cu-Promoted Zeolite Catalysts[END_REF][START_REF] Biswas | Chemical speciation of PM emissions from heavy-duty diesel vehicles equipped with diesel particulate filter (DPF) and selective catalytic reduction (SCR) retrofits[END_REF][START_REF] Koltsakis | Catalyzed diesel particulate filter modeling[END_REF]. DPF is usually made of cordierite (2MgO-2Al 2 O 3 -5SiO 2 ) or silicon carbide (SiC) honeycomb monolithic structure, with the channels being blocked at alternate ends [START_REF] Reşitoğlu | The pollutant emissions from diesel-engine vehicles and exhaust aftertreatment systems[END_REF][START_REF] Song | A review of the literature of selective catalytic reduction catalysts integrated into diesel particulate filters[END_REF]. Thus, the exhaust gas containing PM is forced through the porous channel walls (Figure 2-3) and the PM are trapped on the substrate walls by a physical process or diffused into the pore walls where they adhere. When the exhaust gas is forced to pass through the wall-flow substrates, the PM are retained on the porous channel walls. In this filtration process, there are two PM filtration mechanisms: deep bed filtration and cake bed filtration. Deep bed filtration often occurs at the initial stage of filtration. The PM with smaller size than filter pore size are forced by flow inertia and concentration gradients into wall pores. They are deposited in the wall pores by diffusion and flow line interception as exhaust gas passes through the channel walls [START_REF] Masoudi | Validation of a model and development of a simulator for predicting the pressure drop of diesel particulate filters[END_REF]. An example of deep filtration can be seen in Figure 234. With the deep bed filtration, the pore size in wall substrates becomes Chapter II. Literature review on soot emission control smaller and smaller, so that the PM cannot penetrate through the wall pores and cake bed filtration takes place. The PM deposition occurs on the surface of wall-flow substrates, so cake bed filtration is also called surface filtration. The formation of a "cake" layer is favorable for improving the filtration efficiency, thus cake bed filtration is very important, especially, at high PM emission rates [START_REF] Masoudi | Validation of a model and development of a simulator for predicting the pressure drop of diesel particulate filters[END_REF]. 

DPF regeneration

As the filter becomes increasingly saturated with soot, more PM are deposited on the surface of channel walls and result in the formation of PM cake layers. Consequently, excessive saturation of PM filtration leads to pore-plugging phenomena and builds up a backpressure, thereby pressure drop increasing (see Figure 2345), which is negative for Diesel engine operation because of increasing fuel consumption, causing engine failure and high stress in the filter. In order to prevent the negative effects, the DPF has to be continuously or periodically regenerated by burning the collected PM. In general, there are two types of regeneration methods: active regeneration and passive regeneration [START_REF] Reşitoğlu | The pollutant emissions from diesel-engine vehicles and exhaust aftertreatment systems[END_REF][START_REF] Premchand | Development of a 1-D Catalyzed Diesel Particulate Filter Model for Simulation of the Performance and the Oxidation of Particulate Matter and Nitrogen Oxides Using Passive Oxidation and Active Regeneration Engine Experimental Data[END_REF][START_REF] Chen | Temperature gradients within a soot layer during DPF regeneration[END_REF]. As shown in Figure 23456, the active regeneration needs extra energy supply, for example, fuel combustion, electrical heat or other ways, to increase the exhaust heat. While the passive regeneration occurs under normal exhaust heat conditions through adding catalysts to the filter or fuel additives. The main role of DPF regeneration is to oxidize soot particles that are retained on the flow-wall substrates. On the one hand, during active regeneration, the trapped soot particles can be periodically removed through a controlled oxidation with excessive O 2 in the exhaust gas [START_REF] Guan | Review of the state-of-the-art of exhaust particulate filter technology in internal combustion engines[END_REF]. Unfortunately, the soot combustion with O 2 needs a higher temperature (> 550 °C), which is higher than Diesel exhaust temperatures [START_REF] Song | A review of the literature of selective catalytic reduction catalysts integrated into diesel particulate filters[END_REF][START_REF] Premchand | Development of a 1-D Catalyzed Diesel Particulate Filter Model for Simulation of the Performance and the Oxidation of Particulate Matter and Nitrogen Oxides Using Passive Oxidation and Active Regeneration Engine Experimental Data[END_REF][START_REF] Chen | Temperature gradients within a soot layer during DPF regeneration[END_REF][START_REF] Jeguirim | Oxidation mechanism of carbon black by NO 2 : effect of water vapour[END_REF]. Therefore, many strategies such as engine management, outside Chapter II. Literature review on soot emission control sources heat and fuel injection are used to increase the exhaust temperature. However, the higher regeneration temperature arouses high fuel consumption and large amount of energy supply and thereby increases the cost of post-treatment system.

On the other hand, unlike the active regeneration, passive regeneration takes place at real exhaust gas temperatures, it does not need external heat sources or additional fuel CRT technology is a two-stage and full-time passive regeneration system, the soot particles accumulated in the uncatalyzed DPF are oxidized by using the NO 2 that generates from the upstream DOC unit. In view of stronger oxidizing ability of NO 2 than O 2 , the passive generation temperature can be decreased to 250-300 °C [START_REF] Guan | Review of the state-of-the-art of exhaust particulate filter technology in internal combustion engines[END_REF][START_REF] Maunula | Catalyzed particulate filters for mobile diesel applications[END_REF].

In order to further improve regeneration efficiency of DPF, some advanced catalysts are coated onto the filter surface. NO 2 is reduced by soot particles into NO, which can be reoxidized to NO 2 on the catalysts. The increase of NO 2 concentration can not only increase the oxidation rate of soot but also enhance the fast SCR reaction [START_REF] Guan | Review of the state-of-the-art of exhaust particulate filter technology in internal combustion engines[END_REF][START_REF] Maunula | Catalyzed particulate filters for mobile diesel applications[END_REF]. It was reported that ceria-based materials that are coated onto DPF are able to generate a large number of active oxygen species under excessive O 2 , these active oxygen species can also effectively decrease the soot oxidation temperature [START_REF] Harada | Development of High Performance Catalyzed DPF with New Soot Burning Mechanism[END_REF].

Another method of passive regeneration is dosing a very small amount of fuel additives such as cerium, iron or platinum into the fuel on-board [START_REF] Rocher | New generation fuel borne catalyst for reliable DPF operation in globally diverse fuels[END_REF]. The fuel combustion in the engine results in the formation of small metallic oxide particles, they afterwards are trapped by the DPF. These metallic oxides are also able to decrease the soot combustion temperature [START_REF] Guan | Review of the state-of-the-art of exhaust particulate filter technology in internal combustion engines[END_REF][START_REF] Granger | Perovskites and Related Mixed Oxides: Concepts and Applications[END_REF].

Soot structure

Soot particulates are the main component of particulate matter from Diesel exhaust gas. In general, the soot particulates are collected on DPF channel wall and then removed through soot combustion. The regeneration efficiency of DPF and oxidative activity of soot are related to the structural property of soot particles [START_REF] Abboud | Impacts of oxygenated compounds concentration on sooting propensities and soot oxidative reactivity: Application to Diesel and Biodiesel surrogates[END_REF][START_REF] Boehman | Impact of biodiesel blending on diesel soot and the regeneration of particulate filters[END_REF][START_REF] Wal | Soot oxidation: dependence upon initial nanostructure[END_REF]. Diesel soot particles are generally composed of 10-30 nm sphere-like particles [START_REF] Sadezky | Raman microspectroscopy of soot and related carbonaceous materials: Spectral analysis and structural information[END_REF], which aggregate in chain-like structures [START_REF] Darcy | Modélisation du fonctionnement d'un filtre à particules catalysé[END_REF]. Each of the soot particles contains the carbon nucleus, which are composed of graphitic carbons. The elemental carbon is arranged in graphene sheets, which form the turbostratic particles with a wavy and multi-layered structure [START_REF] Leistner | Etude expérimentale et modélisation de l'oxydation catalysée de suies Diesel[END_REF].

In fact, the oxidation activity of soot particles depends on their chemical structure or nanostructure (in particular the degree of graphitisation), and bulk properties such as proposity, H/C ratio and inorganic impurities. These bulk properties also affect the nanostructure of soot [START_REF] Alfè | Structure-property relationship in nanostructures of young and mature soot in premixed flames[END_REF]. In general, the carbonaceous materials are mainly composed of highly ordered graphite and disordered amorphous carbon. Graphite is a form of pure carbon which consists of layers of hexagonally arranged carbon atoms in Chapter II. Literature review on soot emission control a plane. The interlayer spacing of graphite is 0.0335 nm [START_REF] Sadezky | Raman microspectroscopy of soot and related carbonaceous materials: Spectral analysis and structural information[END_REF][START_REF] Alfè | Structure-property relationship in nanostructures of young and mature soot in premixed flames[END_REF] and the chemical bonds within the carbon layers are covalent with sp 2 hybridisation [START_REF] Fitzer | Recommended terminology for the description of carbon as a solid[END_REF]. On the other side, amorphous carbon is a form of carbon material without long-range crystalline order. There are also different forms of carbon structures which exist in between graphite and amorphous carbon. Graphitised carbons have more orderly stacked crystalline layers and thus expose fewer active sites, while the disordered amorphous carbons exist more active sites. It was reported that the disordered structure may evolve to become more ordered structure at higher temperatures (≥ 700-1100 °C), this process is called as graphitisation [START_REF] Leistner | Etude expérimentale et modélisation de l'oxydation catalysée de suies Diesel[END_REF][START_REF] Laurendeau | Heterogeneous kinetics of coal char gasification and combustion[END_REF][START_REF] Jones | Modelling the competition between annealing and oxidation in the carbon-oxygen reaction[END_REF]. As shown in Figure 2345678. the isolated basic structural units (BSUs) gradually tend to accumulation and then form layer-like and ordered graphitised carbons. structure can be clearly observed. From this TEM result, it is known that soot particle is composed of relatively disordered amorphous carbon core and an external shell of neatly arranged crystalline layers. The carbon core consists of 3-4 nm fine particles and the external shell looks more disordered than carbon core [START_REF] Sadezky | Raman microspectroscopy of soot and related carbonaceous materials: Spectral analysis and structural information[END_REF][START_REF] Alfè | Structure-property relationship in nanostructures of young and mature soot in premixed flames[END_REF][START_REF] Ruiz | In-fluence of the temperature on the properties of the soot formed from C 2 H 2 pyrolysis[END_REF]. Some researchers also used X-ray diffraction (XRD) to study the structure of soot particles [START_REF] Sadezky | Raman microspectroscopy of soot and related carbonaceous materials: Spectral analysis and structural information[END_REF][START_REF] Lapuerta | Effect of fuel on the soot nanostructure and consequences on leading and regeneration of diesel particulate filter[END_REF]. As shown in Figure 2 Raman is also usually used to characterized the nanostructural features of soot particles, much information on the nanostructure of soot has been reported through Raman characterization [START_REF] Abboud | Impacts of oxygenated compounds concentration on sooting propensities and soot oxidative reactivity: Application to Diesel and Biodiesel surrogates[END_REF][START_REF] Sadezky | Raman microspectroscopy of soot and related carbonaceous materials: Spectral analysis and structural information[END_REF][START_REF] Leistner | Etude expérimentale et modélisation de l'oxydation catalysée de suies Diesel[END_REF][START_REF] Lapuerta | Effect of fuel on the soot nanostructure and consequences on leading and regeneration of diesel particulate filter[END_REF][START_REF] Knauer | Soot structure and reactivity analysis by Raman microspectroscopy, Temperature-Programmed Oxidation and High-resolution transmission electron microscopy[END_REF][START_REF] Wang | Raman spectroscopy of carbon materials: structural basis of observed spectra[END_REF][START_REF] Cuesta | Raman microprobe studies on carbon materials[END_REF][START_REF] Sze | Raman spectroscopic characterisation of carbonaceous aerosol[END_REF][START_REF] Jawhari | Raman spectroscopic characterisation of some commercially available carbon black materials[END_REF][START_REF] Dippel | NIR FT Raman spectroscopic study of flame soot[END_REF][START_REF] Nakamura | Disorder-induced line broadening in first-order Raman scattering from graphite[END_REF], which provides a better understanding of soot structure. As shown in Figure 2-11, the Raman spectra of soot can be characterized as two bands: G band and D band, which represent the content of graphitised carbon and non-graphitised carbon, respectively [START_REF] Leistner | Etude expérimentale et modélisation de l'oxydation catalysée de suies Diesel[END_REF][START_REF] Ruiz | In-fluence of the temperature on the properties of the soot formed from C 2 H 2 pyrolysis[END_REF][START_REF] Knauer | Soot structure and reactivity analysis by Raman microspectroscopy, Temperature-Programmed Oxidation and High-resolution transmission electron microscopy[END_REF]. The degree of graphitisation of soot is generally related to the intensity and the full width at half maximum (FWHM) of G band at 1580 cm -1 . The D band as defect band is divided into D1, D2, D3 and D4, which appear at 1350, 1620, 1500 and 1200 cm -1 , respectively. D1 band and D3 band are separately related to the disordered graphite and amorphous and molecular carbons. The full width at half maximum (FWHM) of D1 and the relative intensity of D3 are considered to be important parameters, since they can provide more information on the structure of graphite-like carbon and amorphous carbon [START_REF] Abboud | Impacts of oxygenated compounds concentration on sooting propensities and soot oxidative reactivity: Application to Diesel and Biodiesel surrogates[END_REF][START_REF] Knauer | Soot structure and reactivity analysis by Raman microspectroscopy, Temperature-Programmed Oxidation and High-resolution transmission electron microscopy[END_REF]. 

Catalyst materials

An important role of the catalysts coated on DPF channel-wall substrates is to decrease the temperature of soot oxidation, as a result, the DPF passive generation occurs under real exhaust temperatures, which apparently decreases the cost of energy consumption resulting from active generation. With the development of passive generation technology, many catalysts have been widely studied and applied in soot oxidation, which include alkali metal or alkaline-earth metal catalysts, perovskite-type catalysts, precious metal catalysts and ceria-based mixed oxide catalysts. The latter two have excellent NO oxidation ability into NO 2 , redox ability, structural and Chapter II. Literature review on soot emission control textural property and high thermal stability, thus they are extensively applied in DPF passive regeneration. In this thesis, the precious metal catalysts and ceria-based mixed oxide catalysts are mainly introduced as follows.

Precious metal catalysts

Precious metal catalysts are usually used for DPF passive regeneration and received much attention in catalytic field for DPF passive regeneration. Precious metal catalysts consist of two main parts: active components and support oxides. The former mainly refers to Pt, Pd, Rh and Au, and the latter includes CeO 2 , CeO 2 -ZrO 2 , SiO 2 , TiO 2 , Al 2 O 3 , etc. materials with vesicular structure and high thermal stability. In the previous section, it is mentioned that a role of DOC is to oxidize NO in Diesel exhaust gas into NO 2 and then NO 2 is used for DPF passive regeneration, this process is called as CRT technology [START_REF] Setiabudi | The role of NO 2 and O 2 in the accelerated combustion of soot in diesel exhaust gases[END_REF]. Some precious metal catalysts are coated onto the DPF substrate and can further oxidize NO from NO 2 reduction by soot into NO 2 , thus increasing NO 2 concentration. This is favourable for the improvement of DPF passive regeneration efficiency [START_REF] Oi-Uchisaw | Effect of feed gas composition on the rate of carbon oxidation with Pt/SiO 2 and the oxidation mechanism[END_REF][START_REF] Oi-Uchisawa | Carbon oxidation with platinum supported catalysts[END_REF]. Among all the precious metal catalysts, Pt catalysts show the best catalytic performance for NO oxidation into NO 2 and thus are often applied in Diesel exhaust post-treatment system. Certainly, the excellent performance of Pt catalysts is not only related to active Pt atoms but also to the dispersion, particle size and chemical state of Pt [START_REF] Oi-Uchisawa | Carbon oxidation with platinum supported catalysts[END_REF][START_REF] Oi-Uchisawa | Improvement of Pt catalyst for soot oxidation using mixed oxide as a support[END_REF][START_REF] Krishna | Potential rare-earth modified CeO 2 catalysts for soot oxidation part II: Characterisation and catalytic activity with NO + O 2[END_REF][START_REF] Liu | NO x -Assisted Soot Oxidation on Pt-Mg/Al 2 O 3 Catalysts: Magnesium Precursor, Pt Particle Size, and Pt-Mg Interaction[END_REF]. For the Pt catalysts, the physicochemical performance of active component Pt highly depends on the properties of the support, for example, surface area, thermal stability, and the interaction between Pt and the support, etc. [START_REF] Oi-Uchisawa | Improvement of Pt catalyst for soot oxidation using mixed oxide as a support[END_REF][START_REF] Krishna | Potential rare-earth modified CeO 2 catalysts for soot oxidation part II: Characterisation and catalytic activity with NO + O 2[END_REF][START_REF] Liu | Combined promoting effects of platinum and MnO x -CeO 2 supported on alumina on NO x -assisted soot oxidation: thermal stability and sulfur resistance[END_REF].

The thermal sintering of the support oxides at higher temperatures would lead to the decrease of surface area and Pt dispersion, aggregation of Pt atoms and Pt particle growth, and thereby a loss of catalytic activity [START_REF] Liu | Combined promoting effects of platinum and MnO x -CeO 2 supported on alumina on NO x -assisted soot oxidation: thermal stability and sulfur resistance[END_REF]. Moreover, the activity of Pt catalyst is affected by the composition of exhaust gas. For example, SO 2 in exhaust gas is absorbed on Pt atoms and then oxidized into SO 3 , which reacts with H 2 O that presents in exhaust gas into sulfuric acid, and the reaction between sulfuric acid and Chapter II. Literature review on soot emission control some metallic ash forms sulfate. These sulfuric acid and sulfates then cover the surface of Pt atoms, leading to the deactivation of Pt [START_REF] Liu | Combined promoting effects of platinum and MnO x -CeO 2 supported on alumina on NO x -assisted soot oxidation: thermal stability and sulfur resistance[END_REF]. Thus, Pt catalysts are generally applied in the exhaust gas system with low content of sulfur or without sulfur.

In general, thermal stability and sulfur resistance of Pt catalysts are important factors in actual application and many researchers have done a lot of works to improve the performance of the catalysts. There are two methods to optimize the precious metal catalysts and improve their catalytic performances, one is the optimization of the active component to improve the sulfur resistance, thermal stability and the dispersion of Pt. The other one is the optimization of the support oxides to better the structural and textual properties, thermal stability and the interaction between Pt and the support, and so on. For example, it was reported that the introduction of Rh into Pt catalysts can decrease the formation of SO 3 on Pt surface and thereby improve the sulfur resistance of Pt catalysts [START_REF] Subonen | Effect of Ce-Zr mixed oxides on the chemical state of Rh in alumina supported automotive exhaust catalysts studied by XPS and XRD[END_REF]. It was also found that the addition of La, Y, Ce, etc. into active components or support oxides would greatly improve the dispersion of Pt and the thermal stability of the catalysts [START_REF] Bueno-López | On the mechanism of model diesel soot-O 2 reaction catalysed by Pt-containing La 3+ -doped CeO 2 A TAP study with isotopic O 2[END_REF][START_REF] Bonilla | Platinum surface modification with cerium species and the effect against the methanol anodic reaction[END_REF][START_REF] Zhang | Activity and thermal stability of Pt/Ce 0[END_REF].

In Oi-Uchisawa's studies [START_REF] Oi-Uchisawa | Improvement of Pt catalyst for soot oxidation using mixed oxide as a support[END_REF], the researchers studied the effect of different support oxides, which include TiO 2 , ZrO 2 , SiO 2 , Al 2 O 3 and their mixed oxides, on soot oxidation performance of Pt catalysts. It was found that the Pt catalyst with TiO 2 -SiO 2 support showed the highest activity. Then Pt/TiO 2 -SiO 2 catalyst was pretreated in SO 2 gas flow, it still showed the best activity, which illustrates higher sulfur resistance of the catalyst. They also studied the effect of different reaction gases on soot oxidation activity [START_REF] Oi-Uchisaw | Effect of feed gas composition on the rate of carbon oxidation with Pt/SiO 2 and the oxidation mechanism[END_REF], it was confirmed an apparent role of Pt on oxidizing NO to NO 2 and revealed that the presence of NO visibly enhanced the activity of the catalysts for soot oxidation. The authors also studied the mechanism for soot oxidation under the reaction gas with a small amount of SO 2 and H 2 O. They thought that the presence of SO 2 and H 2 O enhanced the decomposition of anhydride species as CO x precursors. In another work [START_REF] Oi-Uchisawa | Carbon oxidation with platinum supported catalysts[END_REF], it was found that the precursors of Pt is also an important factor that affects soot oxidation activity of Pt catalysts. The result was found that the catalyst showed better activity in the presence of NO, which would be ascribed to the interaction between Pt and sulfates. The authors discussed three reasons: (i) the formation of sulfates prevented the oxidation of Pt under high concentration of O 2 , which benefits the oxidation of NO into NO 2 over the Pt; (ii) the sulfurization of the support oxides could inhibit the adsorption of NO x on the surface of the support, thus there are more NO 2 react with soot particles; (iii) the presence of sulfates would promote the decomposition of surface oxygenated complexes (SOCs) into CO x .

However, the use of precious metal catalysts results in a high cost due to the expensive precious metals. Moreover, in the SO 2 -containing exhaust gas, the presence of Pt catalysts would promote the formation of sulfates and increase their emissions.

Therefore, many researchers have also been studying the catalysts with lower content of precious metals or without precious metals.

Ce-based mixed oxide catalyst

Ce-based mixed oxide catalyst is mainly composed of CeO 2 oxides and transition metal oxides such as MnO x , Co 2 O 3 , NiO, CuO, ZrO 2 , La 2 O 3 and Y 2 O 3 . Rare-earth metal CeO 2 oxides as cheaper materials have been confirmed to have excellent redox Chapter II. Literature review on soot emission control ability and oxygen storage/release capacity and thus received much attention. In order to further improve the thermal stability, oxygen storage/release capacity and structural and textual properties, those transition metals are often doped into CeO 2 oxides to form Ce-based mixed oxides, thereby improving the catalytic activity. Besides, the interaction between CeO 2 and transition metal oxides can also enhance the redox ability and oxygen storage capacity of the catalysts.

Atribak et al. [START_REF] Atribak | Effect of NO x adsorption/desorption over ceria-zirconia catalysts on the catalytic combustion of model soot[END_REF] studied a series of Ce-Zr mixed oxide catalysts with different Ce/Zr ratios and found that NO could be effectively oxidized into NO 2 by the active oxygen species presented in CeZrO 2 catalysts. They also confirmed that the catalytic activity of the catalyst is apparently related to the concentration of NO 2 , and the production of NO 2 depends on the content of CeO 2 in the mixed oxides, higher content of CeO 2 would cause the production of more NO 2 . In another work [START_REF] Atribak | Thermally stable ceria-zirconia catalysts for soot oxidation by O 2[END_REF], they studied the thermal stability of CeO 2 and CeZrO 2 catalysts and found that CeZrO 2 catalyst showed higher thermal stability after calcination at 1000 °C. Subsequently, the authors added Y into CeZrO 2 and found that there was no apparent effect on soot oxidation activity, this is because ZrO 2 in Ce-Zr mixed oxides plays an important role on increasing thermal stability [START_REF] Atribak | Role of yttrium loading in the physico-chemical properties and soot combustion activity of ceria and ceria-zirconia catalysts[END_REF]. Krishna et al. [86] studied the impact of La, Pr, Y, Sm four rare-earth elements on the catalytic activity of CeO 2 catalyst under NO + O 2 mixture. It was found that Pr-and La-modified CeO 2 catalysts showed higher activity, which should be attributed to their increased surface area and redox ability. Besides, they also found that the lattice oxygen in CeO 2 took part in the oxidation reaction of NO into NO 2 . The authors also impregnated 2.5 wt% Pt into these Ce-based mixed oxides, the experimental results showed that the presence of Pt greatly improved the redox property of the catalysts, and thereby soot oxidation activity and CO 2 selectivity. Some researchers studied the effect of Nd on physicochemical property and catalytic performances of Ce-Zr mixed oxide catalysts [START_REF] Herná Ndez-Gimé Nez A M | Improving ceria-zirconia soot combustion catalysts by neodymium doping[END_REF]. It was found the addition of Nd promoted the soot oxidation activity of the catalysts. This is because the addition of Nd into Ce-Zr mixed oxides increased the oxygen vacancies and redox ability as well as thermal stability.

Chapter II. Literature review on soot emission control Furthermore, the presence of Nd enhanced the formation of unstable nitrites on the surface of the catalysts under NO, thus improving NO 2 production.

Wu and Liu et al. [START_REF] Wu | Textural-structural properties and soot oxidation activity of MnO x -CeO 2 mixed oxides[END_REF][START_REF] Wu | Effects of adsorbed and gaseous NO x species on catalytic oxidation of diesel soot with MnO x -CeO 2 mixed oxides[END_REF][START_REF] Liang | Oxygen activation on Cu/Mn-Ce mixed oxides and the role in diesel soot oxidation[END_REF] studied the catalytic performance of MnO x -CeO 2 mixed oxides during soot oxidation. It was confirmed the mixed oxides showed better catalytic performance under both NO + O 2 and O 2 , which should be ascribed to their strong redox ability, oxygen storage capacity and low-temperature NO x storage capacity as well as high oxidation ability of NO into NO 2 . It was also found that Mn x+ could enter into CeO 2 lattice and form Mn-Ce solid solution, thereby increasing the amount of oxygen defects. The authors thought that the interaction between MnO x and CeO 2 could inhibit crystalline growth of the oxides and increase surface area. It was also revealed that under NO, the formation and decomposition of surface nitrates and NO 2 production on the Mn-Ce catalyst are very important in promoting soot oxidation reactions. In some works [START_REF] Wu | Nitrate storage behavior of Ba/MnO x -CeO 2 catalyst and its activity for soot oxidation with heat transfer limitations[END_REF][START_REF] Wu | Preparation methods and thermal stability of Ba-Mn-Ce oxide catalyst for NO x -assisted soot oxidation[END_REF], Mn-Ce mixed oxides were modified by adding Ba. As a result, the modified catalyst showed higher NO x storage in the form of surface nitrates and thereby produced more NO 2 at higher temperatures due to the decomposition of surface nitrates, thus improving soot oxidation activity. Some authors studied that the effect of the introduction of Al 2 O 3 on the catalytic activity and thermal stability of Mn-Ce mixed oxides [START_REF] Lin | Preparation of MnO x -CeO 2 -Al 2 O 3 mixed oxides for NO x -assisted soot oxidation: Activity, structure and thermal stability[END_REF]. The result was found that the introduction of Al 2 O 3 increased surface area of the mixed oxides and the dispersion of active species. Thus, Mn-Ce-Al mixed oxide catalyst exhibited higher activity and thermal stability after aging at high temperatures.

Soot oxidation reaction mechanism

For the mechanism of soot oxidation reaction, it might be extremely complex in view of a fact for the solid-solid-gas reaction under different contact and gas phase conditions. In our previous work [START_REF] Zhang | Effects of contact model and NO x on soot oxidation activity over Pt/MnO x -CeO 2 and the reaction mechanisms[END_REF], it was reported that the soot oxidation over Pt/MnO x -CeO 2 under tight contact occurred at lower temperatures (250-450 °C) and showed a higher reaction rate in comparison with that under loose contact. The results should be ascribed to the accelerated oxidation mechanism of soot under tight contact.

Chapter II. Literature review on soot emission control In Jeguirim's works [START_REF] Jeguirim | Mechanistic study of carbon oxidation with NO 2 and O 2 in the presence of a Ru/Na-Y catalyst[END_REF][START_REF] Jeguirim | Kinetics and mechanism of the oxidation of carbon by NO 2 in the presence of water vapor[END_REF], it has been reported that the carbon-oxygen complexes (-C(O)) such as carboxylates and phenols could form by the chemisorption of O 2 presented in reaction gas on the carbon surface at 300-400 °C. Based on the literature [START_REF] Zouaoui | CeO 2 catalytic activity for soot oxidation under NO/O 2 in loose and tight contact[END_REF][START_REF] Hensgen | Soot-catalyst contact studies in combustion processes using nano-scaled ceria as test material[END_REF], the tight contact between CeO 2 catalyst and soot can provide more contact sites on the interface between soot and the catalyst and more active oxygen species (O*) easily reach carbon surface to further oxidize -C(O) into CO 2 . Furthermore, the formation of -C(O) complexes is easier under tight contact due to the involvement of more active oxygen generated from CeO 2 . These facts might determine lower oxidation temperatures and enhanced oxidation rate of soot under tight contact. The reaction mechanism for the interaction of carbon and oxygen would be proposed as follows:

C + O 2 → -C(O) C + O* → -C(O) -C(O) → CO -C(O) + O 2 → CO 2 -C(O) + O* → CO 2
On the other hand, NO 2 plays an important role during soot oxidation due to its stronger oxidation ability than O 2 . According to the publications [START_REF] Oi-Uchisaw | Effect of feed gas composition on the rate of carbon oxidation with Pt/SiO 2 and the oxidation mechanism[END_REF][START_REF] Zhang | Effects of contact model and NO x on soot oxidation activity over Pt/MnO x -CeO 2 and the reaction mechanisms[END_REF][START_REF] Jeguirim | Mechanistic study of carbon oxidation with NO 2 and O 2 in the presence of a Ru/Na-Y catalyst[END_REF][START_REF] Jeguirim | Kinetics and mechanism of the oxidation of carbon by NO 2 in the presence of water vapor[END_REF][START_REF] Tschamber | Comparison of the activity of Ru and Pt catalysts for the oxidation of carbon by NO 2[END_REF], NO 2 can directly attack the carbon surface and the attack would first produce the surface -C(O) species, these -C(O) species then further react with NO 2 to form -C(O-NO 2 ) intermediate complex. In fact, the -C(O) complexes can not decompose at a significant rate below 400 °C [START_REF] Marsh | Introduction to Carbon Science[END_REF]. The -C(O) complexes need to be destabilized by NO 2 attack at low temperatures and then decompose into CO and NO 2 . Thus, the authors proposed the following mechanism for C-NO 2 reactions:

C + NO 2 → -C(O) + NO -C(O) + NO 2 → -C(O-NO 2 ) -C(O-NO 2 ) → CO + NO 2 -C(O-NO 2 ) → CO 2 + NO
Chapter II. Literature review on soot emission control In fact, in the C-NO 2 -O 2 reaction system, the two reactions (C + O 2 /O* and C + NO 2 ) mentioned above should be cooperative but not isolated during soot oxidation. The cooperative reaction may be schematically presented as follows [START_REF] Zhang | Effects of contact model and NO x on soot oxidation activity over Pt/MnO x -CeO 2 and the reaction mechanisms[END_REF]:

C + O 2 + O* + NO 2 → CO + CO 2 + NO + NO 2
Moreover, in Ce-based catalyst system, under NO x + O 2 mixture, the formation and decomposition of surface nitrites and nitrates play an important role on the promotion of soot oxidation reactions. In Setiabudi's study [START_REF] Setiabudi | CeO 2 catalysed soot oxidation The role of active oxygen to accelerate the oxidation conversition[END_REF], as shown in Figure 2 [START_REF] Setiabudi | CeO 2 catalysed soot oxidation The role of active oxygen to accelerate the oxidation conversition[END_REF]. 

Materials and experimental methods

Physicochemical characterization

Brunauer-Emmett-Teller (BET)

The textural characterization was conducted by N 2 adsorption at -196 °C in a BelSorb-Mini II (BEL-Japan) device. The BJH method was used for the calculation of the specific surface area and mean pore size.

Laser Granulometry

FRITSCH laser particle sizer (ANALYSETTE 22 Nano Tec) was used to measure the particle size distributions of soot under wet dispersion in which water was used as a suitable liquid. Before each measurement, the aggregated soot sample was well dispersed into individual particles by a close circulatory system and an integrated ultrasonic generator.

X-Ray Diffraction (XRD)

The X-ray diffraction was performed on PANalytical-Empyrean diffractometer (Japan Science) with CuKα radiation (λ = 0.154056 nm) to obtain some information about internal lattice parameters of soot. The X-ray tube was operated at 40 kV and 40 mA.

The XRD patterns of samples were recorded in the range of 10° ≤ 2θ ≤ 90° with a scanning step size of 0.02°. The stacking thickness of crystallites (D) and the crystalline length (L) as crystallite dimensions of soot samples can be calculated by applying the Scherrer equation to the bands 002 and 100, respectively, where K and K' are the shape factors and β 002 and β 100 are the full widths at half maximum of the bands. 

H 2 -TPR

The hydrogen temperature-programmed reduction (H 2 -TPR) profiles were obtained using a BELCAT-M (BEL-Japan) apparatus, equipped with a TCD. The materials were outgassed and activated at 400 °C for 1 h in Ar, then cooled down to room temperature and reduced until 700 °C in 5 vol.% H 2 /Ar at a heating rate of 8 °C/min. 

Soot-TPR

NO x -TPD coupled to IR

The prepared MnO x -CeO 2 mixed oxides were treated at 350 °C for 30 min in 600 ppm NO/10% O 2 /N 2 , and then cooled down to 100 °C, the gas mixture was replaced by pure N 2 and the sample was maintained for 1 h to remove the weakly adsorbed NO x species. The NO x (NO and NO 2 ) temperature-programmed desorption (NO x -TPD) tests were carried out in a fixed-bed reactor. 50 mg of pretreated sample was heated to 650 °C from 100 °C at a heating rate of 10 °C/min in N 2 or 10% O 2 /N 2 flow with a flow rate of 500 ml/min. The concentration of NO x desorbed from the catalyst was Chapter III. Materials and experimental methods recorded on an IR detector.

Thermal Gravimetric Analysis (TGA)

The SOFs content of soot samples was evaluated by means of thermogravimetric oxidation in a SDT Q600 apparatus (TA Instruments), under air flow, heating from ambient temperature to 800 °C at a rate of 10 °C/min.

The soot oxidation reactivity of the catalysts was also measured through means of thermogravimetric oxidation in a HCT-2 apparatus, in 10% O 2 /N 2 flow (50 ml/min), heating from ambient temperature to 700 °C at a rate of 10 °C/min.

Transmission Electron Microscope (TEM)

High-resolution transmission electron microscopy (HR-TEM) (JEOL JEM 100CX) with a point resolution of 0.3 nm was utilized for an analysis of the internal structure of soot particles. The high-resolution images were acquired under 500,000 magnification. The carbon fringes lengths of different soot samples were also measured and analyzed by a software Image J in this work. The carbon fringe length distribution (f(x)) of soot was obtained by the following:
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where µ is the mean value of fringe lengths, σ is the standard deviation and σ 2 is the variance.

Raman Spectroscopy (Raman)

Raman spectra of soot were obtained on a micro-Raman system (Horiba Jobin Yvon HR 800 UV) with an exciting source of 532 nm. The output power of 0.1 mW was chosen in the scanning range of 800-2000 cm -1 . The spectrometer includes a grating Chapter III. Materials and experimental methods with 600 grooves mm -1 and a CCD detector with 50× magnification objective lens.

Diffuse Reflectance Infrared Fourier Transform Spectra (DRIFTS)

Diffuse reflectance infrared Fourier transform spectra (DRIFTS) of soot were measured by using a Nicolet 6700 spectrometer with a DTGS detector and a high temperature cell. Soot sample was diluted by KBr at a soot/KBr ratio of 1/40, then the mixture was placed in a reaction cell and pretreated at 100 °C in pure N 2 for 10 min.

After that, the IR spectra were recorded.

The diffuse reflectance infrared Fourier transform spectra (DRIFTS) of catalyst were measured by using the same equipment. MnO x -CeO 2 powder sample was diluted by KBr and placed in a reaction cell and then pretreated at 500 °C in pure N 2 , the background spectra were recorded at 250, 350 and 450 °C. The sample was finally exposed in 600 ppm NO/10% O 2 /N 2 at each temperature for 30 min for DRIFTS measurements.

X-ray Photoelectron Spectra (XPS)

XPS measurement was conducted on an AXIS Ultra DLD spectrometer (Kratos, England) by using AlKα radiation as the excitation source (300 W). All binding energies (B.E.) were referenced to carbon C 1s line at 284.6 eV. Thus, NO 2 as reaction gas was added into gas mixtures in order to simulate real DPF regeneration conditions. Soot-TPOs were performed in a U-shaped quartz reactor (internal diameter 8 mm) with a porous frit as reaction bed (Figure 3-1). Each sample was placed in the reactor and heated by a thermally isolated furnace at a ramp rate of 10 °C. As shown in Figure 3-1, the reaction temperature was monitored by K-type thermocouple located in a thermowell in the reaction bed. The temperature program was controlled by a heating controller (Ɛ'EUROTHERM 2404). All gas flows were controlled with the mass flow meters (Brooks 5850S and Brooks Delta II). The gas mixtures passed through the reactor at a total flow rate of 15 Nl/h (GHSV ≈ 100,000 h -1 ).

Reactivity evaluation by TPOs

Soot oxidation reactivity

Concentrations of CO and CO 2 (ppmv) in the outlet were measured by a Siemens Ultramat6 analyzer (Figure 3-2).

Soot and MnO x -CeO 2 catalyst powder were mixed by a spatula in an agate mortar for 2 min with a weight ratio of 1/10 (2.0 mg/20 mg) to obtain so-called loose-contact mixtures [START_REF] Zhang | Effects of contact model and NO x on soot oxidation activity over Pt/MnO x -CeO 2 and the reaction mechanisms[END_REF][START_REF] Hensgen | Soot-catalyst contact studies in combustion processes using nano-scaled ceria as test material[END_REF][START_REF] Bensaid | CeO 2 catalysts with fibrous morphology for soot oxidation: The importance of the soot-catalyst contact conditions[END_REF]. In order to compare the soot oxidation activity in different contact cases, the tight-contact and pressure-contact samples with same soot/catalyst ratio were prepared via using a pestle grinding for 2 min and loading about 60 bar pressure in a pneumatic press, respectively [START_REF] Zhang | Effects of contact model and NO x on soot oxidation activity over Pt/MnO x -CeO 2 and the reaction mechanisms[END_REF][START_REF] Bensaid | CeO 2 catalysts with fibrous morphology for soot oxidation: The importance of the soot-catalyst contact conditions[END_REF]. Tight contact was used in this work to study the intrinsic activity of soot catalytic combustion. In fact, in real catalytic wall-flow DPF, the formation of soot cake during soot filtration can lead to the increase of flow pressure, which promotes the interface contact between soot and catalyst. Base this case, pressure contact was selected to evaluate the catalytic reactivity of soot. To minimize the impact of hot spots, the soot-catalyst mixtures (22 mg) were diluted with 80 mg SiC pellets. In the obtained soot-TPO curves, T i and T m separately represent the ignition temperature at which the CO x (CO + CO 2 ) concentration reaches 100 ppm and the temperature of maximal soot oxidation rate.

T 5% and T 50% separately represent the temperatures at which 5% and 50% of soot Chapter III. Materials and experimental methods conversion.

For each experiment, based on the reaction C(soot) + (1 + x)/2O 2 → xCO 2 + (1-x)CO, the specific reaction rates were normalized to initial soot mass (2.0 mg) or the catalyst quality (20 mg) and thus calculated by the following:
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Where V spec : the specific reaction rate in mmol soot /s/g soot,ini (Eq. a) or µmol soot /s/g cat.

(Eq. b), Moreover, the selectivity of CO 2 (S CO2 ) in soot oxidation reaction was obtained through the following equation:
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NO oxidation reactivity (NO-TPO)

The NO temperature-programmed oxidation (NO-TPO) tests were conducted in a fixed-bed reactor. The reaction gases including 600 ppm NO, 10% O 2 , N 2 were fed to the fixed-bed reactor at a flow rate of 500 ml/min. 50 mg of MnO x -CeO 2 sample was firstly mixed with 200 mg SiC powder and the mixture was then used in NO-TPO test.

In order to a comparison, the mixture of 50 mg catalyst and 5 mg soot was also used for NO-TPO under same conditions. The reactor temperature was heated to 650 °C at a heating rate of 10 °C/min. The effluent gases were detected on an infrared (IR) spectrometer (Thermo scientific).

Isothermal experiment

Isothermal experiments of soot oxidation were conducted at 350 °C or 400 °C under 9% b.v. O 2 /Ar and 400 ppm NO x /9% b.v. O 2 /Ar, respectively, to obtain the specific reaction rate of soot. There is no apparent increase in soot conversion at 350-400 °C, thus soot oxidation reaction is in a relatively stable state. High space velocity and mixing SiC powder effectively inhibit the mass and heat transfer, and thereby soot oxidation reaction can be mostly controlled by the chemical kinetics [START_REF] Yamazaki | A mechanism study on soot oxidation over CeO 2 -Ag catalyst with 'rice-ball' morphology[END_REF][START_REF] Liu | Soot oxidation over CeO 2 and Ag/CeO 2 : Factors determining the catalyst activity and stability during reaction[END_REF]. After isothermal reaction for 1800 s, The "initial soot oxidation rate" at the starting of isothermal reaction and the "final soot oxidation rate" at the end were recorded. Chapter IV. MnO x -CeO 2 mixed oxides as the catalyst for NO-assisted soot oxidation:

Chapter III. Materials and experimental methods

Chapter III. Materials and experimental methods

The key role of NO adsorption/desorption on catalytic activity

MnO x -CeO 2 mixed oxides as the catalyst for NO-assisted soot oxidation: The key role of NO adsorption/desorption on catalytic activity 4.1 Introduction

In order to avoid the emission of soot from diesel vehicles and serious air pollution, one effective method is to trap the soot by a Diesel Particulate Filter (DPF) and then to burn soot at lower temperatures by a catalytic technology [START_REF] Quiros | Measuring particulate matter emissions during parked active diesel particulate filter regeneration of heavy-duty diesel trucks[END_REF][START_REF] Obeid | Continuously regenerating Diesel Particulate Filters based on ionically conducting ceramics[END_REF][START_REF] Lin | Preparation of MnO x -CeO x -Al 2 O 3 mixed oxides for NO x -assisted soot oxidation: Activity, structure and thermal stability[END_REF]. MnO x -CeO 2 mixed oxides as a cheap and effective candidate for diesel soot oxidation have been widely studied because of their high redox properties and oxygen storage capacity [START_REF] Zhang | Activity and thermal stability of Pt/Ce 0[END_REF][START_REF] Liu | Combined promoting effects of platinum and MnO x -CeO 2 supported on alumina on NO x -assisted soot oxidation: Thermal stability and sulfur resistance[END_REF][START_REF] He | The key surface species and oxygen vacancies in MnO x (0.4)-CeO 2 toward repeated soot oxidation[END_REF]. Moreover, higher NO x storage capacity and better oxidation ability of NO to NO 2 make the soot oxidation reaction easier [START_REF] Zhang | Activity and thermal stability of Pt/Ce 0[END_REF][START_REF] Lin | Preparation of MnO x -CeO x -Al 2 O 3 mixed oxides for NO x -assisted soot oxidation: Activity, structure and thermal stability[END_REF].

NO-assisted soot oxidation reactions are complex since they involve two main oxidants: NO 2 and oxygen, both oxidants playing a dominant role during soot oxidation. It is well known that NO 2 has a stronger oxidation ability than O 2 , and it often plays a key oxidizing role in Pt catalyst system. For example, in Pt/Al 2 O 3 catalyst system, the NO in exhaust gas can be oxidized into NO 2 on Pt active sites, and soot oxidation activity greatly depends on the production of NO 2 [START_REF] Liu | NO x -Assisted Soot Oxidation on Pt-Mg/Al 2 O 3 Catalysts: Magnesium Precursor, Pt Particle Size, and Pt-Mg Interaction[END_REF][START_REF] Liu | Sulfation of Pt/Al 2 O 3 catalyst for soot oxidation: High utilization of NO 2 and oxidation of surface oxygenated complexes[END_REF]. It has been reported that there are two fundamental reactions during soot oxidation in the presence of NO 2 and O 2 : the direct and cooperative reactions [START_REF] Jeguirim | Mechanistic study of carbon oxidation with NO 2 and O 2 in the presence of a Ru/Na-Y catalyst[END_REF][START_REF] Jeguirim | Kinetics and mechanism of the oxidation of carbon by NO 2 in the presence of water vapor[END_REF][START_REF] Jeguirim | Kinetics of catalyzed and non-catalyzed soot oxidation with nitrogen dioxide under regeneration particle trap conditions[END_REF]. The direct oxidation reactions (Eqs. ( 1) and ( 2)) are triggered when O 2 or NO 2 reaches the carbon surface along with the C-NO 2 -O 2 cooperative reactions (Eqs. ( 3) and ( 4)). For the cooperative reactions, firstly, the soot reacts with O 2 and forms -C(O) complexes (Eq. ( 5)), then the presence of NO 2 would lead to the the formation of intermediate nitro-oxygenated species (-C(ONO 2 )) (Eq. ( 6)), and their decomposition finally produces CO and CO 2 (Eqs. ( 7) and ( 8)) [START_REF] Wu | Effects of adsorbed and gaseous NO x species on catalytic oxidation of diesel soot with MnO x -CeO 2 mixed oxides[END_REF][START_REF] Jeguirim | Mechanistic study of carbon oxidation with NO 2 and O 2 in the presence of a Ru/Na-Y catalyst[END_REF][START_REF] Tschamber | Comparison of the activity of Ru and Pt catalysts for the oxidation of carbon by NO 2[END_REF][START_REF] Jeguirim | Interaction mechanism of NO 2 with carbon black: effect of surface oxygen complexes[END_REF]. However, for Ce-based oxygen storage materials, the generation of active oxygen species (O*) and NO x storage play an important role during soot oxidation and thus make the case of soot oxidation different with that of Pt/Al 2 O 3 [START_REF] Zhang | Activity and thermal stability of Pt/Ce 0[END_REF][START_REF] Zhang | Effects of contact model and NO x on soot oxidation activity over Pt/MnO x -CeO 2 and the reaction mechanisms[END_REF][START_REF] Azambre | Effects of a Pt/Ce 0.68 Zr 0.32 O 2 catalyst and NO 2 on the kinetics of diesel soot oxidation from thermogravimetric analyses[END_REF]. Except for the cooperative C + Chapter IV. MnO x -CeO 2 mixed oxides as the catalyst for NO-assisted soot oxidation:

The key role of NO adsorption/desorption on catalytic activity NO 2 + O 2 reactions, the oxidizing role of active oxygen from Ce-based oxides would make soot oxidation reaction easier, because the presence of active oxygen effectively enhances the formation and oxidation of -C(O) complexes (Eq. ( 9)) and thus the cooperative reaction (Eq. ( 10)).

C + NO 2 → CO x + NO Eq. ( 1)

C + O 2 → CO x Eq. (2) C + NO 2 + O 2 → CO 2 + NO Eq. ( 3 
) C + NO 2 + O 2 → CO + NO 2
Eq. ( 4)

C + O 2 → -C(O)
Eq. ( 5)

-C(O) + NO 2 → -C(ONO 2 )
Eq.( 6)

-C(ONO 2 ) → CO + NO 2 Eq. ( 7)

-C(ONO 2 ) → CO 2 + NO Eq. ( 8)

C + O* → CO + CO 2
Eq. ( 9)

C + O 2 + O* + NO 2 → CO + CO 2 + NO + NO 2
Eq. ( 10)

It has been reported that the low-temperature (20-50 °C) adsorption of NO on CeO 2 and CeO 2 /ZrO 2 could promote the formation of surface O 2 -species and vacant site (□) of Ce 3+ [124]. Atribak et al. [START_REF] Atribak | Effect of NO x adsorption/desorption over ceria-zirconia catalysts on the catalytic combustion of model soot[END_REF] proposed that NO could be adsorbed in oxygen vacancies (□) of ceria and then formed transient species (NO -) (Eq. ( 11)), these species were oxidized into nitrites and nitrates by an active oxygen transfer process in ceria, which also led to the formation of Ce 3+ (Eqs. ( 12) and ( 13)). Setiabudi et al. [START_REF] Setiabudi | CeO 2 catalysed soot oxidation The role of active oxygen to accelerate the oxidation conversition[END_REF] reported that CeO 2 -accelerated soot oxidation reaction under NO + O 2 was because the decomposition of surface nitrates led to the generation of surface

peroxides (-O 2 -
) as more active oxygen species (Eq. ( 14)). It was also confirmed that the decomposition of the nitrates formed on Ce-based catalysts led to the desorption of oxygen and NO x [START_REF] Atribak | Effect of NO x adsorption/desorption over ceria-zirconia catalysts on the catalytic combustion of model soot[END_REF][START_REF] Setiabudi | CeO 2 catalysed soot oxidation The role of active oxygen to accelerate the oxidation conversition[END_REF]. In the previous work [START_REF] Zhang | Effects of contact model and NO x on soot oxidation activity over Pt/MnO x -CeO 2 and the reaction mechanisms[END_REF], it was found that nitrates decomposition on Pt/MnO x -CeO 2 catalyst greatly enhanced oxygen desorption.

Ce 3+ -□ + NO → Ce 4+ -NO - Eq. ( 11)

Ce 4+ -NO -+ Ce 4+ -O* → Ce 4+ -NO 2 -+ Ce 3+ -□ Eq. ( 12 
)
Chapter IV. MnO x -CeO 2 mixed oxides as the catalyst for NO-assisted soot oxidation:

The key role of NO adsorption/desorption on catalytic activity Ce 4+ -NO 2 -+ Ce 4+ -O* → Ce 4+ -NO 3 -+ Ce 3+ -□ Eq. ( 13)

Ce 4+ -NO 3 -→ Ce 4+ -O 2 -+ NO Eq. ( 14)

In Wu's works [START_REF] Wu | Effects of adsorbed and gaseous NO x species on catalytic oxidation of diesel soot with MnO x -CeO 2 mixed oxides[END_REF], the effect of adsorbed NO x species (surface nitrates) on soot oxidation activity over MnO x -CeO 2 was investigated. The authors thought that the high promotion of NO on soot oxidation activity was mainly attributed to the role of NO 2 from nitrate decomposition and NO catalytic oxidation. However, in our previous works [START_REF] Zhang | Effects of contact model and NO x on soot oxidation activity over Pt/MnO x -CeO 2 and the reaction mechanisms[END_REF], we analyzed the emissions of all products during NO x -assisted soot oxidation over Pt/MnO x -CeO 2 and found that the oxygen, which results from the catalyst and NO desorption, also showed an apparent role in promoting soot oxidation.

In fact, the adsorption/desorption performances of NO in MnO x -CeO 2 mixed oxides exist in NO x -assisted soot oxidation process. Thus a question remains: what are the effects of NO adsorption/desorption on the surface properties of MnO x -CeO 2 catalyst and soot oxidation activity?

The main goal of this work is to investigate the influence of NO adsorption on surface properties of MnO x -CeO 2 catalyst, including surface nitrates formation and decomposition, surface element content and state, active oxygen species and oxygen vacancies. Furthermore, we also studied the effects of NO desorption on oxygen desorption property and the oxygen availability of MnO x -CeO 2 catalyst. The isothermal method was also used to evaluate the soot oxidation rate at 400 °C.

Materials preparation

MnO x -CeO 2 mixed oxides (CM) (Mn/Ce = 1/4 (mol/mol)) as the catalyst were prepared via a co-precipitation method as previously reported [START_REF] Zhang | Effects of contact model and NO x on soot oxidation activity over Pt/MnO x -CeO 2 and the reaction mechanisms[END_REF]. Ce(NO 3 ) 3 • 6H 2 O (solid, 95% pure) and Mn(NO 3 ) 2 (liquid, 50 wt.%) as the precursors were firstly dissolved in deionized water, then adding the dispersants PVA (polyvinyl alcohol) and PEG (polyethylene glycol) into the mixed solution. Finally, the mixture solution was mixed with the precipitant (pH > 9.0) consisting of NH 3 •H 2 O and (NH 4 ) 2 CO 3 (chemical reagents, Beijing). The obtained precipitates were filtered and dried by a Chapter IV. MnO x -CeO 2 mixed oxides as the catalyst for NO-assisted soot oxidation:

The key role of NO adsorption/desorption on catalytic activity spraying apparatus, then calcined in static air at 500 °C for 3 h in a muffle furnace.

The prepared sample was treated at 350 °C for 30 min in 600 ppm NO/10% O 2 /N 2 , and then cooled down to 100 °C, the gas mixture was replaced by pure N 2 and the sample was maintained for 1 h to remove the weakly adsorbed NO x species. The NO-adsorbed sample was labeled as CM-NO.

Printex U (Degussa) carbon was used as the model soot in soot oxidation activity measurement. be noticed that at lower temperatures (250 and 350 °C) the NO x is stored as various NO-adsorbed species, but at higher temperature (450 °C) most of NO adsorbed species are decomposed except for ionic nitrates. This illustrates ionic nitrates are more stable than others at high temperatures [START_REF] Zhang | Study on hydrothermal deactivation of Pt/MnO x -CeO 2 for NO x -assisted soot oxidation: redox property, surface nitrates and oxygen vacancies[END_REF].

Physicochemical properties

DRIFTS tests

Chapter IV. MnO x -CeO 2 mixed oxides as the catalyst for NO-assisted soot oxidation:

The key role of NO adsorption/desorption on catalytic activity 

XPS analysis

Figure 4-2 shows the XPS spectra of CM-NO and CM, and the XPS results are summarized in Table 4-1. According to the publications [START_REF] Zhang | Activity and thermal stability of Pt/Ce 0[END_REF][START_REF] Venkataswamy | Nonostructured Ce 0.7 Mn 0.3 O 2-δ and Ce 0.7 Fe 0.3 O 2-δ solid solutions for diesel soot oxidation[END_REF], the peaks at v, v', v"' and u, u', u"' are assigned to Ce 4+ and the peaks at v" and u" to Ce 3+ ; the fitted XPS spectra of Mn 2p give the peaks of Mn 4+ (643.0-644.5 eV), Mn 3+ (641.6-642.9 eV) and Mn 2+ (640. [START_REF] Venkataswamy | Nonostructured Ce 0.7 Mn 0.3 O 2-δ and Ce 0.7 Fe 0.3 O 2-δ solid solutions for diesel soot oxidation[END_REF][START_REF] Xia | Magnetic properties and photoadsorption of the Mn-doped CeO 2 nanorods[END_REF][START_REF] Murugan | Chemical states and redox properties of Mn/CeO 2 -TiO 2 nanocomposites prepared by solution combustion route[END_REF]. However, it is interesting to note that the relative content of Chapter IV. MnO x -CeO 2 mixed oxides as the catalyst for NO-assisted soot oxidation:

The key role of NO adsorption/desorption on catalytic activity surface Mn 4+ obviously decreases from 1.17 to 0.56% and that of surface Mn 3+ increases from 1.7 to 2.0%. This result illustrates that NO adsorption on CM greatly affects the chemical states of Mn. Moreover, NO-adsorbed sample shows apparently increased surface adsorbed oxygen (O ads ) (from 15.8 to 21.8%) due to the formation of NO x -adsorbed species such as nitrites/nitrates. Chapter IV. MnO x -CeO 2 mixed oxides as the catalyst for NO-assisted soot oxidation:

The key role of NO adsorption/desorption on catalytic activity Thus, based on the changes in the chemical states of Mn and Ce, the possible pathways leading to the formation of nitrites/nitrates can be mentioned, as suggested by Eq. ( 11) and Eqs. ( 15)-( 19). Ce 4+ -NO 3 -and Ce 3+ -□ can be oxidized by the active oxygen in MnO x phase (Eq. ( 20)).

A great decrease in Mn 4+ content for CM-NO sample might be ascribed to its stronger oxidizing role than Ce 4+ during nitrites/nitrates formation.

Ce 4+ -O* + NO → Ce 4+ -NO 2 - Eq. ( 15 
)
Ce 3+ -□ + NO → Ce 4+ -NO - Eq.( 11)

Ce 4+ -NO -+ Ce 4+ -O* → Ce 4+ -NO 2 -+ Ce 3+ -□ Eq. ( 16 
)
Chapter IV. MnO x -CeO 2 mixed oxides as the catalyst for NO-assisted soot oxidation:

The key role of NO adsorption/desorption on catalytic activity Ce 4+ -NO -+ Mn 4+ -O* → Ce 4+ -NO 2 -+ Mn 3+ -□ Eq. ( 17)

Ce 4+ -NO 2 -+ Ce 4+ -O* → Ce 4+ -NO 3 -+ Ce 3+ -□ Eq. ( 18 
)
Ce 4+ -NO 2 -+ Mn 4+ -O* → Ce 4+ -NO 3 -+ Mn 3+ -□ Eq. ( 19)

Ce 3+ -□ + Mn 4+ -O* → Ce 4+ -O* + Mn 3+ -□ Eq. ( 20)

Raman analysis

The Raman spectra of CM and CM-NO are shown in Figure 4-5. A prominent band at ~455 cm -1 should be assigned to the F 2g mode in fluorite-like structure. The weak band centered at ~600 cm -1 is ascribed to the oxygen vacancies in CeO 2 lattice [START_REF] Andriopoulou | Structural and redox properties of Ce 1-x Zr x O 2-δ and Ce 0.8 Zr 0.15 RE 0.05 O 2[END_REF][START_REF] Taniguchi | Identifying defect in ceria-based nanocrystals by UV resonance Raman spectroscopy[END_REF] and that at 644 cm -1 to oxygen defects in the doped CeO 2 [START_REF] Venkataswamy | Nonostructured Ce 0.7 Mn 0.3 O 2-δ and Ce 0.7 Fe 0.3 O 2-δ solid solutions for diesel soot oxidation[END_REF]. To obtain the relative amount of O-vacancies, the correct method is calculated the ratio between the areas of O-vacancy (A OV ) band and F 2g band (A F2g ). The higher ratio reveals a larger O-vacancies concentration. As shown in Figure 4-5, CM-NO shows an increased A OV /A F2g ratio (0.75) compared to CM (0.68), which illustrates that NO adsorption increases the O-vacancies in the sample. It is worth noting that NO adsorption more apparently influences the states of Mn ions in Mn-Ce oxides (Table 4-1), thus it is likely that the increase in O-vacancies is related to the change of Mn. 

TPD analysis with IR and MS

Chapter IV. MnO x -CeO 2 mixed oxides as the catalyst for NO-assisted soot oxidation:

The key role of NO adsorption/desorption on catalytic activity exhibits more apparent NO 2 desorption peak than that in N 2 . This may be because the desorbed NO 2 is more easily decomposed into NO in N 2 due to thermal control of the balance reaction: NO 2 ↔ NO + 1/2O 2 at high temperatures. However, the decomposition of NO 2 is not easy at low temperatures (< 400 °C), the production of a large amount of NO should be mainly based on the decomposition of nitrates (Eq. ( 21)) [START_REF] Setiabudi | CeO 2 catalysed soot oxidation The role of active oxygen to accelerate the oxidation conversition[END_REF]. Thus the increase in NO 2 desorption in the presence of O 2 more likely results from the oxidation of the produced NO over the catalyst.

Ce(NO 3 ) 4 → CeO 2 + 4NO + 3O 2 Eq. ( 21)

TPD-MS profiles were also obtained by heating the samples CM and CM-NO at 

Soot-TPR tests coupled to MS

To know the real reduction ability of CM and CM-NO used for soot oxidation, The key role of NO adsorption/desorption on catalytic activity bare CM. This seems to illustrate that the consumption of NO 2 is not apparent during soot oxidation. 5)), then the NO 2 reacts with -C(O) complexes and forms nitro-oxygenated species (-C(ONO 2 )) (Eq. ( 6)), their decomposition thereby produces gas-phase CO and CO 2 (Eqs. ( 22) and ( 23)) [START_REF] Wu | Effects of adsorbed and gaseous NO x species on catalytic oxidation of diesel soot with MnO x -CeO 2 mixed oxides[END_REF][START_REF] Zhang | Effects of contact model and NO x on soot oxidation activity over Pt/MnO x -CeO 2 and the reaction mechanisms[END_REF][START_REF] Jeguirim | Mechanistic study of carbon oxidation with NO 2 and O 2 in the presence of a Ru/Na-Y catalyst[END_REF]. This cooperative reaction also confirms an importance of oxygen during soot oxidation.

Isothermal reaction at 400 °C

C + O 2 → -C(O)
Eq. ( 5)

-C(O) + NO 2 → -C(ONO 2 )
Eq. ( 6)

-C(ONO 2 ) → CO + NO 2 Eq. ( 22)

-C(ONO 2 ) → CO 2 + NO Eq. ( 23)

On the other hand, in the case of catalytic reactions, it can be observed that in 10% O 2 , the soot oxidation rate has a greater increase in both the initial and final soot oxidation activities compared to non-catalytic reaction. This is because CM catalyst provides many active oxygen species (O*) and thus greatly enhances soot oxidation rate (Eqs. ( 24) and ( 25 

Structure-reactivity study of model and Biodiesel soot in model DPF regeneration conditions 5.1 Introduction

It is well known nowadays that Diesel engines have high power output and improved fuel economy, reasons why they are widely used by car and truck manufacturers.

Moreover, Diesel engines can play an important role on the reduction of anthropogenic CO 2 emissions [START_REF] Hayashi | Computer simulation study on filtration of soot particles in Diesel particulate filter[END_REF]. However, the excessive amount of soot particles emitted to the environment remain a significant issue, due to their potential threat to human health [START_REF] Quiros | Measuring particulate matter emissions during parked active diesel particulate filter regeneration of heavy-duty diesel trucks[END_REF][START_REF] Hayashi | Computer simulation study on filtration of soot particles in Diesel particulate filter[END_REF][START_REF] Bensaid | Modelling of diesel particulate filtration in wall-flow traps[END_REF][START_REF] Yamamodo | Simulation on flow and heat transfer in diesel particulate filter[END_REF]. Accordingly, the new Euro VI emission normative contains more stringent emission limits regarding soot (particulate matter), in order to protect the environment and human health [START_REF]Direction gé né rale des Infrastructures, des Transports et de la Mer-Des véhicules aux normes pour réduire la pollution[END_REF][START_REF] Mokhri | Soot filtration recent simulation analysis in Diesel particulate filter (DPF)[END_REF].

Consequently, soot emission control has become a subject of major concern for both scientists and automobile makers. On one hand, the application of Biodiesel and Biodiesel blends in diesel engines is known to play a positive role on reducing pollutant emissions, especially soot [START_REF] Agarwal | Particulate emissions from biodiesel fuelled CI engines[END_REF][START_REF] Xue | Effect of biodiesel on engine performances and emissions[END_REF][START_REF] Schobing | Impact of Biodiesel impurities on carbon oxidation in passive regeneration conditions: Influence of the alkali metals[END_REF]. Therefore, commercial Diesel fuels already contain small amounts of Biodiesel, and the aim is to increase its content in future blends. On the other hand, the regeneration efficiency of the DPF (Diesel Particulate Filter) can see a great development through the use of highly performing advanced catalysts for soot oxidation [START_REF] Lin | Preparation of MnO x -CeO x -Al 2 O 3 mixed oxides for NO x -assisted soot oxidation: Activity, structure and thermal stability[END_REF][START_REF] Palma | Catalytic DPF microwave assisted active regeneration[END_REF].

Previous studies have proved that adding oxygenated hydrocarbons (such as ethers, alcohols, methyl esters, methyldecanoate) into the surrogate fuels can effectively decrease the sooting tendencies during fuel combustion [START_REF] Abboud | Impacts of oxygenated compounds concentration on sooting propensities and soot oxidative reactivity: Application to Diesel and Biodiesel surrogates[END_REF][START_REF] Xue | Effect of biodiesel on engine performances and emissions[END_REF][START_REF] Mcenally | Sooting tendencies of oxygenated hydrocarbons in laboratory-scale flames[END_REF][START_REF] Barrientos | Impact of ester structures on the soot characteristics and soot oxidative reactivity of biodiesel[END_REF]. Indeed, the formation of combustion intermediates promoting soot generation is inhibited, while the presence of radical species (-O and -OH) favors soot combustion rather than its formation [START_REF] Dmitriev | The effect of methyl pentanoate addition on the structure of premixed fuel-rich n-heptane/toluene flame at atmospheric pressure[END_REF][START_REF] Seong | Studies of soot oxidative reactivity using a diffusion flame burner[END_REF]. Seong and Boehman studied the impact of oxygenate additives on the formation and oxidation activity of soot particles, they found that the presence of oxygenate additives in fuels enhanced the formation of oxygenated soot and Chapter V. Structure-reactivity study of model and Biodiesel soot in model DPF regeneration conditions thereby increased soot oxidative reactivity [START_REF] Seong | Studies of soot oxidative reactivity using a diffusion flame burner[END_REF]. Song et al. [START_REF] Song | Impact of alternative fuels on soot properties and DPF regeneration[END_REF] found that the use of Biodiesel in fuels led to the incorporation of oxygen into soot particles and thus improved soot oxidative reactivity.

Furthermore, many studies have revealed that soot oxidation activity is related to the structural features of soot particles and soot structure generally depends on the type and origin of fuels [START_REF] Boehman | Impact of biodiesel blending on diesel soot and the regeneration of particulate filters[END_REF][START_REF] Wal | Fingerprinting soot (towards source identification): physical structure and chemical composition[END_REF][START_REF] Wal | Soot oxidation: dependence upon initial nanostructure[END_REF]. Different oxygenate additives in fuels can affect the nature of fuels and combustion cases and thereby govern the structure of soot particles [START_REF] Abboud | Impacts of oxygenated compounds concentration on sooting propensities and soot oxidative reactivity: Application to Diesel and Biodiesel surrogates[END_REF][START_REF] Mcenally | Sooting tendencies of oxygenated hydrocarbons in laboratory-scale flames[END_REF]. It has been reported that ester components in Biodiesel have a larger impact on the structure and oxidative reactivity of soot [START_REF] Barrientos | Impact of ester structures on the soot characteristics and soot oxidative reactivity of biodiesel[END_REF]. The authors confirmed that the presence of shorter alkyl chains of methyl esters in Biodiesel led to the formation of the soot particles with lower structural order and thus increased soot oxidation reactivity. They also found that the increase in carbon chain length inhibited the reactivity of soot. Moreover, It was also reported that soot oxidative reactivity is in fact dependent on the nanostructure especially the degree of graphitization [START_REF] Alfè | Structure-property relationship in nanostructures of young and mature soot in premixed flames[END_REF].

Graphene layers in soot are a form of pure carbon and arranged by carbon atoms in a plane with higher order. This chemical structure can decrease the reactivity of soot due to its an apparent influence on number and location of active sites exposed on carbon surfaces [START_REF] Alfè | Structure-property relationship in nanostructures of young and mature soot in premixed flames[END_REF][START_REF] Wal | Soot oxidation: dependence upon initial nanostructure[END_REF][START_REF] Ishiguro | Microstructural changes of Diesel soot during oxidation[END_REF]. However, amorphous carbon with lower crystalline order has many exposed edge sites and defects, showing lower degree of graphitization, and thus leads to a higher soot oxidation reactivity [START_REF] Alfè | Structure-property relationship in nanostructures of young and mature soot in premixed flames[END_REF][START_REF] Ishiguro | Microstructural changes of Diesel soot during oxidation[END_REF].

The use of catalytic DPFs placed the downstream of DOC (Diesel Oxidation Catalyst) has been applied to soot emission control and can play an important role on the enhancement in soot oxidative reactivity [START_REF] Palma | Catalytic DPF microwave assisted active regeneration[END_REF][START_REF] Beatrice | Detailed characterization of particulate emissions of an automotive catalyzed DPF using actual regeneration strategies[END_REF]. The use of advanced catalysts (e.g., [START_REF] Oi-Uchisawa | Improvement of Pt catalyst for soot oxidation using mixed oxide as a support[END_REF][START_REF] Wu | Effects of adsorbed and gaseous NO x species on catalytic oxidation of diesel soot with MnO x -CeO 2 mixed oxides[END_REF][START_REF] Lin | Preparation of MnO x -CeO x -Al 2 O 3 mixed oxides for NO x -assisted soot oxidation: Activity, structure and thermal stability[END_REF][START_REF] Muroyama | Catalytic soot combustion over CeO 2 -based oxides[END_REF][START_REF] Zhu | Oxidation treatment of diesel soot particulate on Ce x Zr 1-x O 2[END_REF]) coated on DPF can visibly decrease the temperature of soot combustion based on the reactions Eqs. ( 1) and (2). Moreover, the NO 2 contained in the exhaust gases can more easily oxidize soot at low temperatures in the range of 250-400 °C due to its stronger oxidizing strength in comparison to O 2 [START_REF] Liu | Sulfation of Pt/Al 2 O 3 catalyst for soot oxidation: High utilization of NO 2 and oxidation of surface oxygenated complexes[END_REF][START_REF] Schejbal | Modelling of soot oxidation by NO 2 in various types of diesel particulate filters[END_REF].

However, the reaction rate of Eq. ( 1) greatly depends on the amount of NO 2 , thus it is difficult to achieve an optimal usage of NO [START_REF] Liu | Combined promoting effects of platinum and MnO x -CeO 2 supported on alumina on NO x -assisted soot oxidation: Thermal stability and sulfur resistance[END_REF][START_REF] Tikhomirov | MnOx-CeO2 mixed oxides for the low-temperature oxidation of diesel soot[END_REF]. Besides, MnO x -CeO 2 mixed oxides can release a large amount of active oxygen species that can directly oxidize soot and thus apparently improve the catalytic activity for soot oxidation [START_REF] Zhang | Effects of contact model and NO x on soot oxidation activity over Pt/MnO x -CeO 2 and the reaction mechanisms[END_REF].

Many researchers often use carbon blacks (such as Printex-U) as Diesel soot surrogates, in order to study its reactivity. However, the soot from a real Diesel engine may considerably differ from such carbon blacks, in terms of nanostructure and reactivity. In this work, real soot samples were prepared by burning Biodiesel surrogates in a real Diesel engine whereas the model soot samples were obtained through burning the surrogate fuels in a co-flow diffusion burner [START_REF] Abboud | Impacts of oxygenated compounds concentration on sooting propensities and soot oxidative reactivity: Application to Diesel and Biodiesel surrogates[END_REF]. between soot structure and oxidation activity is also presented. [START_REF] Abboud | Impacts of oxygenated compounds concentration on sooting propensities and soot oxidative reactivity: Application to Diesel and Biodiesel surrogates[END_REF][START_REF] Abboud | Impacts of ester's carbon chain length and concentration on sooting propensities and soot oxidative reactivity: Application to Diesel and Biodiesel surrogates[END_REF]. An steady co-flow laminar diffusion flame burner [START_REF] Abboud | Impacts of oxygenated compounds concentration on sooting propensities and soot oxidative reactivity: Application to Diesel and Biodiesel surrogates[END_REF][START_REF] Abboud | Impacts of ester's carbon chain length and concentration on sooting propensities and soot oxidative reactivity: Application to Diesel and Biodiesel surrogates[END_REF][START_REF] Kashif | Sooting tendencies of primary reference fuels in atmospheric laminar diffusion flames burning into vitiated air[END_REF][START_REF] Kashif | Sooting propensities of some gasoline surrogate fuels: Combined effects of fuel blending and air vitiation[END_REF] was used for the combustion of the model Biodiesels. This setup enables the release of soot to be investigated at conditions that are strictly controlled [START_REF] Kashif | Sooting tendencies of primary reference fuels in atmospheric laminar diffusion flames burning into vitiated air[END_REF][START_REF] Kashif | Sooting propensities of some gasoline surrogate fuels: Combined effects of fuel blending and air vitiation[END_REF]. In turn, this allows the fine numerical simulations of soot production, therefore the understanding of soot history along the processes of formation and potential partial oxidation [START_REF] Consalvi | Numerical study of soot formation in laminar coflow diffusion flames of methane doped with primary reference fuels[END_REF][START_REF] Consalvi | Numerical study of soot formation in laminar coflow methane/air diffusion flames doped by n-heptane/toluene and iso-octane/toluene blends[END_REF]. This history highly affects the nanostructure of released soot [START_REF] Kelesidis | Flame synthesis of functional nanostructured materials and devices: Surface growth and aggregation[END_REF]. 

Materials preparation

Soot samples preparation

Catalyst preparation

MnO x -CeO 2 mixed oxides (Mn/Ce = 1/4 (mol/mol)) were prepared via a co-precipitation method as previously reported [START_REF] Zhang | Effects of contact model and NO x on soot oxidation activity over Pt/MnO x -CeO 2 and the reaction mechanisms[END_REF]. Ce(NO 3 ) 3 • 6H 2 O (solid, 95% pure) and Mn(NO 3 ) 2 (liquid, 50 wt.%) as the precursors were firstly dissolved in deionized water, then adding the dispersants PVA (polyvinyl alcohol) and PEG (polyethylene glycol) into the mixed solution. Finally, the mixture solution was mixed with the precipitant (pH > 9.0) consisting of NH 3 •H 2 O and (NH 4 ) 2 CO 3 (chemical reagents, Beijing). The obtained precipitates were filtered and dried by a spraying apparatus, then calcined in static air at 500 °C for 3 h in a muffle furnace.

Physicochemical properties of soot

Laser granulometry

The size distributions of particles aggregates of real and model soot samples are shown in Figure 5 

HRTEM analysis

HRTEM was applied to characterize the morphologies and nanostructures of different soot samples. The results are illustrated in Figure 5-2. All soot samples show highly ordered carbon layers and a characteristic of disordered structure, which indicates the existence of graphite and amorphous carbons in soot samples. The graphene segments exhibit strongly bent ribbons and long chain-like agglomerates. Moreover, some edge defective sites are also present in soot. In the case of real soot, it can be seen that R1

shows more visible carbon layers and higher structural order than R2, this seems to reveal that R1 soot particles show higher degree of graphitization. Observations on the R2 the micrographs of this sample display less chainlike orientation and the carbon particles of R2 seem to be less connected than those of R1.

Chapter V. Structure-reactivity study of model and Biodiesel soot in model DPF regeneration conditions

In the case of model soot, they seem to appear more compact stacked crystallites in comparison with real soot. A blurry and highly disordered surface can be observed on the M1 soot. M2 and M3 exhibit more obvious carbon layers than M1, revealing their higher order. The morphology of M2 illustrates that the agglomerates of small nano-particles are happening, this leads to an intersection of different chainlike orientations. On the surface of M3, the fullerenoid nano-particles with an onion-like structure can be seen and the carbon particles are "tighter" connected than M1 and M2.

Furthermore, M3 has a larger number of parallel stacked graphene layers. This fact points to highest graphitic order in M3 carbon-black in comparison to the other two model soot samples. In addition, the interlayer spacing was measured by TEM images.

It is found that the real soot samples show larger interlayer spacings (3.7-4.0 nm) than model ones (3.3-3.7 nm). This result also shows that model carbon particles have more compact graphene layers than real carbon particles. Based on the HRTEM results, the carbon fringe lengths of real and model soot samples were measured by the software Image J and their distributions were obtained.

As shown in Figure 5-3, for the real soot, R1 and R2 show a similar shape of fringe length distribution profiles. The distribution profile of R2 shifts towards lower fringe length values, with a decreased mean fringe length (about 1.6 nm) compared to R1. It has been reported that larger fringe length of the ordered carbon layers indicates higher degree of carbon graphitization and lower proportion of reactive edge atoms [START_REF] Wal | Soot oxidation: dependence upon initial nanostructure[END_REF][START_REF] Ishiguro | Microstructural changes of Diesel soot during oxidation[END_REF]. Thus, R2 presents higher disordered nano-structure and more reactive edge atoms than R1. On the other side, M1 and M2, which are the soot generated from surrogate Diesel with oxygenated additives, show narrower fringes length distribution (1.5-2.8 nm) and M2 has a lower mean fringe length than M1. M3 carbon-black presents a wider distribution (1.2-3.2 nm) with a higher mean value of fringe lengths.

Thus, the degree of graphitization in graphene segments for model soot samples may follow the order: M3 > M1 > M2.

Besides, nano-particle sizes of real and model soot samples were measured by TEM images and the particle-size distribution and mean nano-particle size are separately shown in Figure 5-4a and Figure 5-4b. For the real soot R1 and R2, R1 has a very wide distribution of particle sizes (< 13 nm and 15-25 nm) and the sizes of a half of nano-particles are centered on 19-21 nm (25%) and 23-25 nm (25%). R2 shows a narrow particle-size distribution and most of nano-particles (about 80%) are centered on 17-21 nm. Figure 5-4b also illustrates that R2 presents smaller mean nano-particle size (18.97 nm) than R1 (20.92 nm). In the case of model soot, it can be observed in than that of graphite carbon (26.8°) [START_REF] Sadezky | Raman microspectroscopy of soot and related carbonaceous materials: spectral analysis and structural information[END_REF], illustrating lower degree of graphitization.

XRD analysis

Furthermore, the crystallite thickness (or crystallite size) of all the soot samples shows a very small value (14-17 Å), which is also a characterization of low graphitization degree [START_REF] Sadezky | Raman microspectroscopy of soot and related carbonaceous materials: spectral analysis and structural information[END_REF]. By comparison, R2 and M1 soot samples have a lower crystallite size that the ratio of I D /I G increases with the order for amorphous and disordered carbon with smaller crystallite size (< 2 nm) and decreases with the increase of order for graphitic carbon with larger crystallite size (> 2 nm) [START_REF] Ferrari | Interpretation of Raman spectra of disordered and amorphous carbon[END_REF][START_REF] Ess | Reactivity and structure of soot generated at varying biofuel content and engine operating parameters[END_REF]. Based on the previous XRD results, the crystallite sizes of all soot samples are less than 2 nm. Thus, a higher I D /I G ratio indicates an increase in the structural order [START_REF] Abboud | Impacts of oxygenated compounds concentration on sooting propensities and soot oxidative reactivity: Application to Diesel and Biodiesel surrogates[END_REF][START_REF] Lapuerta | Effect of fuel on the soot nanostructure and consequences on loading and regeneration of diesel particulate filter[END_REF]. All the Raman spectra of real and model soot samples illustrate a similar structure.

Raman spectra analysis

The Raman results of all samples are summarized in Table 5-3. For the real soot generated from a real engine, R1 and R2 show a very similar result. The same ratio of I D /I G (0.95) seems to illustrate that both the real soot samples have a similar nanostructural property. However, the previous HRTEM and XRD results illustrate some apparent differences between the structures of R1 and R2. For example, R1

shows more visible and "tighter" connected carbon layers than R2, and the two real Concerning model soots, these results point to increasing structural order as follows:

M3 > M2 > M1. A lower I D /I G ratio of soot samples also illustrates that there is higher amorphous and disordered carbon concentration in soot. Moreover, it was reported that the graphitic G-peak of the ideal graphite structures occurs at around 1580 cm -1 and an increase of the distance of G band from 1580 cm -1 indicates a less graphitic structure [START_REF] Abboud | Impacts of oxygenated compounds concentration on sooting propensities and soot oxidative reactivity: Application to Diesel and Biodiesel surrogates[END_REF]. It can be noted that the G band of M3 is at around 1580 cm -1 and does not shift to higher wavenumber compared with the others, this also illustrates a higher degree of graphitization of M3.

Soot oxidation activity analysis by TPOs

Non-catalytic soot oxidation

The non-catalytic oxidation of real and model soot samples was assessed in 9% b.v. This result reveals that NO 2 promotes the oxidation of real soot at ignition

temperatures. An apparent promotion of NO 2 at T m cannot be seen, which is due to the decomposition of NO 2 into NO at high temperatures [START_REF] Atribak | Effect of NO x adsorption/desorption over ceria-zirconia catalysts on the catalytic combustion of model soot[END_REF]. Moreover, CO 2 selectivity of model soot slightly decreases after adding NO 2 into reaction gas and that of real soot has almost no changes compared to the results under only O 2 . In general, the promoting effect of NO 2 strongly depends on its concentration. As

shown in Figure 5-9, the oxidation reactivity of R1 and M2 was tested under 1000 ppmv NO 2 , a more apparent promotion on soot oxidation can be seen at low temperatures compared to that observed at 400 ppmv NO 2 . Let us note here that increasing NO 2 concentration from 400 ppm to 1000 ppm leads to an important decrease of T i for the real soot R1, i.e. from 503 °C to around 400 °C, whereas the T i value for the model soot M2 is only about 30 °C lower. The result also confirms that real soot shows higher promotion on soot ignition than model soot. According to the previous XRD and Raman results, R1 and M2 show similar degree of graphitization in view of their similar crystallite sizes and I D /I G values. But R1 exhibits a larger promotion on the reactivity than M2 under NO 2 . There is a fact that the reactivity of soot depends not only on nano-structrual property but also on the composition of soot [START_REF] Abboud | Impacts of oxygenated compounds concentration on sooting propensities and soot oxidative reactivity: Application to Diesel and Biodiesel surrogates[END_REF]. The real soot samples generated from a real engine contain higher SOFs content due to the presence of lube oils compared to model soot produced from a burner.

Based on the TGA tests (not shown). the SOFs contents of R1 and R2 have much higher values (5.7% and 8.7%) than that of M1 and M2 (1.8% and 1.3%), which might be one factor that leads to a higher ignition activity of real soot under NO 2 + O 2 .

Chapter V. Structure-reactivity study of model and Biodiesel soot in model DPF regeneration conditions

Catalytic soot oxidation

The catalytic oxidation reactivity of real and model soot was investigated in 9% b.v. selectivity (> 98%), proving that the presence of the catalyst effectively decreases the production CO. It is noted that all soot samples can be oxidized at lower temperatures in the presence of this catalysts, as pointed out by the decrease of T i and T m values compared with the results obtained in the absence of a catalyst. Regarding the real soot samples, R2 shows higher reactivity together with a more evident promotion of its ignition than R1. This can be ascribed to the lower degree of graphitization of R2 in comparison to R1. It can be observed that there is a shoulder peak at around 550 °C in TPO profiles of real soot, which may be attributed to the oxidation of soot particles in improved contact with the catalytic material, i.e. closer to catalytically active sites, and/or to the relative presence of an amorphous carbon phase in these samples. Indeed, these real soot samples possess high-content SOFs, which can promote the contact between soot particles and the catalyst, and trigger the initiation of soot oxidation. For the model soot, the catalytic oxidation activity follows the order: M1 > M2 > M3, this result is in well agreement with their nano-structural properties. shows the best reactivity and M3 displays the worst one. The result is consistent with their nano-structural properties. This also indicates that the catalytic reactivity of model soot produced in the burner depends more strongly on their nano-structural properties than the real soots produced in an engine bench. greatly promotes the soot oxidation activity, and more interestingly, NO shows higher promotion than NO 2 . Some researchers thought that the promoting role of NO should be ascribed to the production of NO 2 [START_REF] Wu | Effects of adsorbed and gaseous NO x species on catalytic oxidation of diesel soot with MnO x -CeO 2 mixed oxides[END_REF][START_REF] Liu | Combined promoting effects of platinum and MnO x -CeO 2 supported on alumina on NO x -assisted soot oxidation: Thermal stability and sulfur resistance[END_REF]. Certainly, NO 2 has rather higher oxidation ability than O 2 and is able to oxidize soot at lower temperatures. However, as shown in the previous section (5.4.1.2), low-temperature promotion of NO 2 strongly depends on its concentration. Furthermore, in the absence of catalyst, the addition of NO 2 cannot make the whole TPO profiles shift to lower temperatures. The NO 2 production in the presence of the MnO x -CeO 2 catalyst (20 mg) was tested in 400 ppmv NO + 9% b.v. O 2 , yielding only very small amounts of NO 2 (< 50 ppm) (results not shown). This relatively low amounts cannot be apparently responsible for the enhancement of the oxidation of soot by NO 2 . In fact, the presence of NO x makes soot oxidation reactions more complex. In this work, the promotion of NO x on catalytic soot oxidation might be attributed to the following two reasons: the desorption capacity of oxygen in the catalyst and the co-operative reactions involving active oxygen and NO 2 . Based on the previous works [START_REF] Zhang | Effects of contact model and NO x on soot oxidation activity over Pt/MnO x -CeO 2 and the reaction mechanisms[END_REF][START_REF] Zhang | Sulfur deactivation mechanism of Pt/MnO x -CeO 2 for soot oxidation: Surface property study[END_REF], it is well known that the adsorption of NO and NO 2 on Mn-Ce catalyst leads to the formation of various nitrate species. An important fact has been confirmed that the decomposition of these nitrates not only causes the generation of NO x but, simultaneously, increases the desorption capacity of oxygen [START_REF] Setiabudi | The role of NO 2 and O 2 in the accelerated combustion of soot in diesel exhaust gases[END_REF][START_REF] Zhang | Effects of contact model and NO x on soot oxidation activity over Pt/MnO x -CeO 2 and the reaction mechanisms[END_REF][START_REF] Setiabudi | CeO 2 catalysed soot oxidation The role of active oxygen to accelerate the oxidation conversition[END_REF]. In order to prove this point in this work, the Mn-Ce catalyst-soot mixture was pretreated either in NO and NO 2 and then analyzed by means of temperature programmed desorption (TPD). The results obtained are presented in Figure 5-14. The NO x -pretreated samples show a visibly increased desorption of oxygen compared to the non-pretreated sample. This may be a key factor leading to soot oxidation promotion in the presence of NO x . In addition, NO-pretreated sample has larger desorption capacity of oxygen than the NO 2 -pretreated sample, which is a reasonable evidence to explain the larger promoting role of NO than NO 2 during soot oxidation. Moreover, it can be also observed that the main product of nitrates decomposition is NO rather than NO 2 . Thus, the nitrates decomposition may be written as follows [START_REF] Setiabudi | CeO 2 catalysed soot oxidation The role of active oxygen to accelerate the oxidation conversition[END_REF]:

TPOs in 400 ppmv NO/NO 2 + 9% b.v. O 2 in Ar

-NO 3 -→ NO + O 2 Eq. ( 3)

The cooperative effect of NO 2 and O 2 during soot oxidation also plays an important role on improving soot oxidation rate. Jeguirim et al. [START_REF] Jeguirim | Kinetics of catalyzed and non-catalyzed soot oxidation with nitrogen dioxide under regeneration particle trap conditions[END_REF] have reported that the C-NO 2 -O 2 cooperative reactions (Eqs. ( 4) and ( 5) Eq. ( 6)

)

Effect of soot-catalyst contact

In general, soot catalytic oxidation reactions occur on the soot-catalyst interface and the soot-catalyst contact is an important factor that determines soot oxidation rate [START_REF] Zhang | Effects of contact model and NO x on soot oxidation activity over Pt/MnO x -CeO 2 and the reaction mechanisms[END_REF][START_REF] Hensgen | Soot-catalyst contact studies in combustion processes using nano-scaled ceria as test material[END_REF]. Based on the literature [START_REF] Hensgen | Soot-catalyst contact studies in combustion processes using nano-scaled ceria as test material[END_REF][START_REF] Bensaid | CeO 2 catalysts with fibrous morphology for soot oxidation: The importance of the soot-catalyst contact conditions[END_REF][START_REF] Aneggi | The formation of nanodomains of Ce 6 O 11 in ceria catalyzed soot combustion[END_REF], three contact modes have been reported: tight, loose and pressure. Loose contact is thought to be close to the real soot-catalyst contact in DPF and thereby widely used for the study of soot oxidation catalysts, but it is really the poorest contact among the three modes. The best soot-catalyst contact can be obtained by tight mode and soot oxidation shows higher rate and reactivity due to more soot-catalyst contact sites (or active sites). The contact level of pressure mode is between the first two. than model soot, which is different with the cases of tight and loose modes. For R1 and R2, they show a similar T i (Table 5-6) but the peak temperatures of R1 slightly move to higher values under pressure contact. Among these model soot samples, M3

shows the best reactivity and M1 presents the poorest one at around 400 °C, and the reactivity at high temperatures displays the order: M1 > M2 ≈ M3 (Figure 5-15b). that the addition of NO/NO 2 can effectively promote the catalytic oxidation of soot.

However, under tight contact, as shown in These facts confirm that soot-catalyst contact is an important factor that affects soot oxidation activity. This point is also revealed in Figure 5-17. For example, R2 exhibits an apparently lower T i value than R1 under loose contact, but their T i values are very similar under tight and pressure conditions. For model soot, under loose contact the T i value follows this order: M1 < M2 < M3, however, a different result is found under tight and pressure contact conditions.

Structure and reactivity correlation

Previous works linked the soot oxidation activity to the nanostructure and it was found that the reactivity of soot is closely related to its nanostructure. Lapuerta and Sadezky [START_REF] Lapuerta | Effect of fuel on the soot nanostructure and consequences on loading and regeneration of diesel particulate filter[END_REF][START_REF] Sadezky | Raman microspectroscopy of soot and related carbonaceous materials: spectral analysis and structural information[END_REF] used XRD and Raman to illustrate the differences in the structure, i,e. length scale and carbon fringe as well as the concentration of amorphous carbon, of different types of soot generated under various conditions. Some researchers studied the relationship between nanostructural properties and the oxidation reactivity of soot and they found that the reactivity of soot strongly depends on its nanostructure and high degree of graphitization of the graphene segments affects the oxidation activity of soot particles [START_REF] Abboud | Impacts of oxygenated compounds concentration on sooting propensities and soot oxidative reactivity: Application to Diesel and Biodiesel surrogates[END_REF][START_REF] Boehman | Impact of biodiesel blending on diesel soot and the regeneration of particulate filters[END_REF][START_REF] Wal | Soot oxidation: dependence upon initial nanostructure[END_REF]. Knauer et al. [START_REF] Knauer | Changes in structure and reactivity of soot during oxidation and gasification by oxygen, studied by microRaman spectroscopy and temperature programmed oxidation[END_REF] also confirmed a strong dependency of soot oxidation activity on the nanostructure by Raman and HRTEM measurements.

In the present work, the oxidation reactivity of soot was measured by TPO under different reaction gases and shows differences in T i and T m when various types of soot generated from a real engine and a burner. The structural properties of soot were characterized by laser granulometry, HRTEM, XRD and Raman and exhibit different features in the particle and crystallite sizes, particle morphology and the degree of graphitization. In order to connect the soot reactivity with the soot structure, the initiation temperature T i which represents the reactivity is used to analyze the relationship between the both. Similarly, for the model soot, the crystallite and nanoparticle sizes follow the order: M1 < M2 < M3, which well agrees with their reactivity order. These results indicate that the catalytic and non-catalytic oxidation reactivities are closely related to the nanostructure of soot. Moreover, it is also seen in Figure 5-18a that R2 shows larger mean size of soot particles aggregates and presents better oxidation reactivity than R1.

However, the model soot sample with larger soot particles aggregates presents poorer reactivity. These soot samples except R2 have an order of the reactivity under only O 2 :

M1 >M2 > R1 > M3, which is consistent with the change in particles aggregate size.

This shows that smaller particles aggregate is favorable for the oxidation of soot because it might benefit the exposition to oxygen [START_REF] Lapuerta | Effect of fuel on the soot nanostructure and consequences on loading and regeneration of diesel particulate filter[END_REF] and a better contact between soot particles and the catalyst. In addition, it should be noted that M2 shows a similar catalytic reactivity in O 2 but apparently poorer reactivity in NO + O 2 compared with R1. The result illustrates that the oxidation reactivity of soot is related not only to the structure but to the reaction conditions. It has been reported that smaller fringe length of the ordered carbon layers indicates a higher proportion of reactive edge atoms in soot [START_REF] Wal | Soot oxidation: dependence upon initial nanostructure[END_REF][START_REF] Ishiguro | Microstructural changes of Diesel soot during oxidation[END_REF]. For the real soot, it can be observed that R2 exhibits smaller fringe length (1.64 nm) than R1

(1.87 nm), thus showing a better oxidation reactivity. However, for model soot, the carbon fringe length follows the order: M2 (2.06 nm) < M1 (2.17 nm) ≈ M3 (2.16 nm), which cannot well correlate with the reactivity. In Raman spectra, the structural defects in carbonaceous materials are related to the ratio between the intensities of D band and G band (I D /I G ), a higher I D /I G value indicates a higher degree of graphitization. Therefore, the model soot presents this order in the degree of graphitization: M1 < M2 < M3, this is well linked to their oxidation reactivity. But the real soot samples R1 and R2 show a very similar I D /I G ratio, which cannot be connected with the reactivity. In fact, the nanostructure of soot is not the only factor that determines the oxidation reactivity. Ye et al. [START_REF] Ye | Impact of rail pressure and biodiesel fueling on the particulate morphology and soot nanostructures from a common-rail turbocharged direct injection diesel engine[END_REF] studied the oxidation reactivity of Biodiesel soot samples generated from a diesel engine and found that there is no correlation between the reactivity and the nanostructure analyzed by Raman. Many researchers have reported the other factors that influence the soot reactivity such as ash content and composition [START_REF] Bladt | Impact of Fe content in laboratory-produced soot aerosol on its composition, structure, and thermo-chemical properties[END_REF][START_REF] Schmid | Multiwavelength Raman microspectroscopy for rapid prediction of soot oxidation reactivity[END_REF] as well as oxygen content in soot [START_REF] Wu | Effects of adsorbed and gaseous NO x species on catalytic oxidation of diesel soot with MnO x -CeO 2 mixed oxides[END_REF].

Besides, in this study, the particle morphology of soot also plays an important role in affecting soot oxidation reactivity. This result has been found in the previous works [START_REF] Ye | Impact of rail pressure and biodiesel fueling on the particulate morphology and soot nanostructures from a common-rail turbocharged direct injection diesel engine[END_REF][START_REF] Lu | Size-resolved volatility, morphology, nanostructure, and oxidation characteristics of diesel particulate[END_REF]. Figure 5-18a has confirmed that the correlation between nanoparticle and soot aggregates sizes and the oxidation reactivity. On the other hand, in the previous HRTEM images, it can be observed that R2 soot presents less chainlike orientation and "looser" connected carbon particles than R1, which seems to show higher disorder of R2. Thus, R2 has a better oxidation reactivity than R1. The morphology of the model soot also presents various features and can be linked to the reactivity. For example, M1 soot shows a blurry and highly disordered surface, M2 and M3 exhibit more obvious carbon layers than M1, and M3 has the largest number of parallel stacked graphene layers. By comparison with the reactivity, it indicates that the blurry and less carbon layers, revealing higher disordered surface, are connected with higher reactivity of M1 and M3 with more graphene layers displays lower reactivity. These results all prove a visible relationship between soot reactivity and particle morphology.

This study provides valuable findings on the soot oxidation rate and the parameters influencing it, which could contribute to develop accurate soot models that are required for robust regeneration strategies. The use of 100% biofuel induces significantly lower soot deposits in DPF that being correctly estimated (adapted biofuel soot models) might reduce the need of active regenerations and therefore the fuel consumption and the catalyst ageing. Therefore, the understanding of how the fuel type and engine operation affects the particle morphology and its reactivity are crucial for optimizing the DPF regeneration strategy.

For the development of new coating formulations, the selection of model soot to be used in synthetic gas benches shall be taken with care, as it was shown in that study the risk of having different behaviors for example for the carbon-black Printex often reported in literature. The catalyst evaluation studies shall therefore take into account the use of burner and real engine soot samples as well as realistic operating conditions in terms of gas composition and soot/catalyst contact in order to perform an accurate benchmark.

Summary

In this work, real soot generated in a real Diesel engine and the model soot generated in a burner were studied using laser granulometry, HRTEM, XRD and Raman, as characterization techniques. A MnO x -CeO 2 catalyst was used for the measurement of catalytic reactivity. The results of the temperature programmed oxidation (TPO)

experiments point to increased oxidation reactivity for the real soot generated with 100% Biodiesel than the one obtained using the 7% Biodiesel mixture. The carbon-black Printex U soot showed the poorest reactivity of the series, whereas the reactivity of the soot prepared from the 7% oxygenated in the laminar flame burner was higher than the one observed for the model soot generated from the 30% oxygenated addictivated fuel. Characterizations illustrate that the real and model soot samples show different nanostructure and morphology features. The reactivity of soot was found to be closely related to its nanoparticle size, crystallite size, particles aggregates and the degree of graphitization. The oxidation reactivity of soot in the presence of the MnO x -CeO 2 catalyst depended not only on its nanostructure but also on the reactant gas composition, as well as soot-catalyst contact. Furthermore, it was found that the presence of NO x cannot affect the reactivity of soot under tight contact, whereas NO x can clearly enhance the reactivity under loose contact. Thus, the promotion of NO x on catalytic activity depends on the contact between soot and the catalytic DPF.
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Introduction

The high efficiency and durability of diesel engines have motivated their wide applications in passenger cars and heavy-duty trucks in the world. However, the high emission of fine soot nanoparticles for example PM 2.5 has caused serious public health and environment pollution [START_REF] Reşitoğlu | The pollutant emissions from diesel-engine vehicles and exhaust aftertreatment systems[END_REF][START_REF] Twigg | Progress and future challenges in controlling automotive exhaust gas emissions[END_REF][START_REF] Giechaskiel | A metric for health effects studies of diesel exhaust particles[END_REF]. These fine soot particles as an important fraction of aerosols present in the air around urban area with big influences on the climate, biosphere and citizen health [START_REF] Carslaw | A review of natural aerosol interactions and feedbacks within the earth system[END_REF][START_REF] Mahowald | Aerosol impacts on climate and biogeochemistry[END_REF][START_REF] Niessner | The many faces of soot: characterization of soot nanoparticles produced by engines[END_REF]. Nowadays, the emissions of diesel soot particles are limited all around world [188][189][190]. For example, the emissions of particulate matters from cars and heavy-duty vehicles are limited to 4.5 mg/km and 10 mg/kWh, respectively [188][189][190]. Thus, the soot removal technology has become an important topic of improving environment level and protecting human health. Diesel particulate filter (DPF) used as an exhaust after-treatment unit has been confirmed to be an effective way to remove soot emission [START_REF] Bensaid | Numerical simulation of soot filtration and combustion within diesel particulate filters[END_REF][START_REF] Mokhri | Soot filtration recent simulation analysis in diesel particulate filter (DPF)[END_REF][START_REF] Caliskan | Environmental, enviroeconomic and enhanced thermodynamic analyses of a diesel engine with diesel oxidation catalyst (DOC) and diesel particulate filter (DPF) after treatment systems[END_REF]. Of course, the regeneration (active or passive regeneration) of the filter unit is crucial to controlling soot emission.

The soot is oxidized periodically by O 2 at higher temperatures during active regeneration and also oxidized continuously over the catalysts by active oxygen and NO 2 during passive regeneration [START_REF] Liu | Sulfation of Pt/Al 2 O 3 catalyst for soot oxidation: High utilization of NO 2 and oxidation of surface oxygenated complexes[END_REF][START_REF] Niessner | The many faces of soot: characterization of soot nanoparticles produced by engines[END_REF][START_REF] Zhang | Sulfur deactivation mechanism of Pt/MnO x -CeO 2 for soot oxidation: Surface property study[END_REF][START_REF] Leistner | Impact of the catalyst/soot ratio on diesel soot oxidation pathways[END_REF][START_REF] Zhang | A new understanding of CeO 2 -ZrO 2 catalysts calcinated at different temperatures: Reduction property and soot-O 2 reaction[END_REF]. The regeneration efficiency strongly depends on the reactivity of soot, because the combustion of high-activity soot occurs at lower temperatures with small energy demand [START_REF] Niessner | The many faces of soot: characterization of soot nanoparticles produced by engines[END_REF]. Many studies also confirmed that the reactivity of soot is related to the soot nanostructure [START_REF] Lapuerta | Effect of fuel on the soot nanostructure and consequences on loading and regeneration of diesel particulate filter[END_REF][START_REF] Knauer | Soot structure and reactivity analysis by Raman microspectroscopy, Temperature-Programmed Oxidation and High-resolution transmission electron microscopy[END_REF], soot morphology [START_REF] Knauer | Soot structure and reactivity analysis by Raman microspectroscopy, Temperature-Programmed Oxidation and High-resolution transmission electron microscopy[END_REF][START_REF] Müller | Morphology-controlled reactivity of carbonaceous materials towards oxidation[END_REF], fuels [START_REF] Abboud | Impacts of ester's carbon chain length and concentration on sooting propensities and soot oxidative reactivity: Application to Diesel and Biodiesel surrogates[END_REF][START_REF] Lapuerta | Effect of fuel on the soot nanostructure and consequences on loading and regeneration of diesel particulate filter[END_REF][START_REF] Lamharess | Effect of biofuels on catalyzed diesel particulate filter regeneration[END_REF], catalyst materials [START_REF] Jeguirim | Catalytic effect of platinum on the kinetics of carbon oxidation by NO 2 and O 2[END_REF][START_REF] Liu | Sulfation of Pt/Al 2 O 3 catalyst for soot oxidation: High utilization of NO 2 and oxidation of surface oxygenated complexes[END_REF][START_REF] Zhang | Sulfur deactivation mechanism of Pt/MnO x -CeO 2 for soot oxidation: Surface property study[END_REF][START_REF] Leistner | Impact of the catalyst/soot ratio on diesel soot oxidation pathways[END_REF][START_REF] Zhang | A new understanding of CeO 2 -ZrO 2 catalysts calcinated at different temperatures: Reduction property and soot-O 2 reaction[END_REF][START_REF] Hansen | Performance of diesel particulate filter catalysts in the presence of biodiesel ash species[END_REF] and engine operation conditions [START_REF] Al-Qurashi | Impact of exhaust gas recirculation (EGR) on the oxidative reactivity of diesel engine soot[END_REF][START_REF] Yehliu | Impact of engine operating modes and combustion phasing on the reactivity of diesel soot[END_REF].

The main composition of soot is carbon (> 80 wt.%) with a particle of soluble organic fraction (SOF) and ash [START_REF] Sadezky | Raman microspectroscopy of soot and related carbonaceous materials: spectral analysis and structural information[END_REF][START_REF] Hori | Effects of diesel fuel composition on SOF and PAH exhaust emissions[END_REF][START_REF] Kain | Connecticut diesel emissions control technologies forum[END_REF]. The formation steps can be performed in diesel engines through nucleation, nanoparticles aggregation and surface growth mechanisms [START_REF] Sadezky | Raman microspectroscopy of soot and related carbonaceous materials: spectral analysis and structural information[END_REF][START_REF] Setten | Science and technology of catalytic diesel particulate filters[END_REF]. The primary soot particles are composed of ordered and Chapter VI. Structure, surface and reactivity of activated carbon: From model soot to Bio Diesel soot amorphous carbons. The ordered carbon surface shows a graphite-like structure with higher crystalline order and the amorphous carbon presents lower degree of graphitization with many active edge sites and defects [START_REF] Alfè | Structure-property relationship in nanostructures of young and mature soot in premixed flames[END_REF][START_REF] Wal | Soot oxidation: dependence upon initial nanostructure[END_REF][START_REF] Ishiguro | Microstructural changes of Diesel soot during oxidation[END_REF]. The different structural features of soot determine its physical and chemical properties and thereby its reactivity [START_REF] Alfè | Structure-property relationship in nanostructures of young and mature soot in premixed flames[END_REF][START_REF] Ishiguro | Microstructural changes of Diesel soot during oxidation[END_REF][START_REF] Yehliu | Impact of fuel formulation on the nanostructure and reactivity of diesel soot[END_REF][START_REF] Barrientos | Impact of ester structures on the soot characteristics and soot oxidative reactivity of biodiesel[END_REF].

Boehman et al. [START_REF] Boehman | Impact of biodiesel blending on diesel soot and the regeneration of particulate filters[END_REF] reported that the disordered carbon with more amorphous structure had more defects and thus exhibited higher reactivity. Knauer et al. [START_REF] Knauer | Soot structure and reactivity analysis by Raman microspectroscopy, Temperature-Programmed Oxidation and High-resolution transmission electron microscopy[END_REF] studied the relationship between soot structure and reactivity by Raman microspectroscopy and high-resolution transmission electron microscopy (HRTEM), it was found that the higher reactivity of soot was attributed to a higher degree of disorder and a higher content of molecular carbon. It was also reported that the reactivity of soot would be dependant on its primary particle size characterized by TEM [START_REF] Lapuerta | Effect of fuel on the soot nanostructure and consequences on loading and regeneration of diesel particulate filter[END_REF]. On the other side, Seong and Boehman found that the presence of oxygenated additives in fuels enhanced the formation of oxygenated soot and thereby increased the oxidative reactivity of soot [START_REF] Seong | Studies of soot oxidative reactivity using a diffusion flame burner[END_REF]. Song et al. [START_REF] Song | Impact of alternative fuels on soot properties and DPF regeneration[END_REF] illustrated that the use of Biodiesel fuels would increase the content of oxygen in soot particles and thus improved soot reactivity.

Moreover, the catalytic materials on the catalyzed DPF also play an important role on determining soot reactivity. Bueno-López et al. [START_REF] Bueno-López | Enhanced soot oxidation by lattice oxygen via La 3+ -doped CeO 2[END_REF] found that active oxygen from ceria lattice is able to oxidize soot particulates at lower temperatures. It was also reported that MnO x -CeO 2 mixed oxides could exhibit a higher catalytic activity for soot oxidation, this is due to the presence of a great quantity of active oxygen [START_REF] Zhang | Effects of contact model and NO x on soot oxidation activity over Pt/MnO x -CeO 2 and the reaction mechanisms[END_REF][START_REF] Tikhomirov | MnO x -CeO 2 mixed oxides for the low-temperature oxidation of diesel soot[END_REF]. Many authors studied ceria-zirconia mixed oxides for soot oxidation and revealed that the reactivity of soot depends on oxygen vacancies, oxygen storage capacity (OSC) and redox ability of the catalysts [START_REF] Zhang | A new understanding of CeO 2 -ZrO 2 catalysts calcinated at different temperatures: Reduction property and soot-O 2 reaction[END_REF][START_REF] Zhu | Oxidation treatment of diesel soot particulate on Ce x Zr 1-x O 2[END_REF][START_REF] Zhang | A study on H 2 -TPR of Pt/Ce 0.27 Zr 0.73 O 2 and[END_REF][START_REF] Aneggi | On the role of lattice/surface oxygen in ceria-zirconia catalysts for diesel soot combustion[END_REF][START_REF] Atribak | Role of yttrium loading in the physico-chemical properties and soot combustion activity of ceria and ceria-zirconia catalysts[END_REF]. The oxidative reactivity of soot can be also increased by precious metal Pt catalysts such as Pt/Al 2 O 3 and Pt/SiO 2 as they have a strong ability to oxidize NO to NO 2 which is able to oxidize soot at lower temperatures [START_REF] Oi-Uchisaw | Effect of feed gas composition on the rate of carbon oxidation with Pt/SiO 2 and the oxidation mechanism[END_REF][START_REF] Jeguirim | Catalytic effect of platinum on the kinetics of carbon oxidation by NO 2 and O 2[END_REF][START_REF] Liu | Sulfation of Pt/Al 2 O 3 catalyst for soot oxidation: High utilization of NO 2 and oxidation of surface oxygenated complexes[END_REF].

Chapter VI. Structure, surface and reactivity of activated carbon: From model soot to Bio Diesel soot In Knauer's work [START_REF] Knauer | Soot structure and reactivity analysis by Raman microspectroscopy, Temperature-Programmed Oxidation and High-resolution transmission electron microscopy[END_REF], the authors prepared the oxidized soot through an oxidation process in a temperature range from 25 to 600 °C and studied the differences in nanostructure between raw and oxidized/activated soot samples, they found the changes in chemical homogeneity and structural order in different soot samples are different during soot oxidation at increasing temperatures. In real exhaust aftertreatment system, soot particles which were generated from diesel engine follow thermal gas-flow and go through DOC unit, where the soot particulates experience a partial oxidation or an activating process. Besides, for the catalytic soot oxidation, the reactivity of soot is only ascribed to the role of catalysts, which may not be a full understanding of soot oxidation. During soot activation in DOC or catalytic oxidation in DPF, the changes in structure and surface property of soot itself should be also an important aspect for understanding soot oxidation. Thus, the present work presents results on activated soot presented in temperature-programmed oxidation (TPO) and mainly studied the changes in nanostructure and surface properties of the activated soot by BET, Raman spectra, HRTEM, diffuse reflectance infrared Fourier transform spectra (DRIFTS) and XPS as well as linked them to their noncatalytic/catalytic reactivity. The originality of this work is to use the real Bio Diesel soot obtained in an engine bench and study its activation influence on oxidation reactivity, with being compared to Printex U model soot which is usually used for experimental model.

Materials preparation

Soot samples preparation

The oxidized/activated soot samples were prepared by Temperature Programmed Oxidation (TPO) method under 9% b.v. O 2 /Ar (250 ml/min). A carbon black (Printex-U) from Degussa as a representative of model soot and biodiesel derived soot B7 and B100, which separately generated from the burning of 7% biodiesel-diesel blends and 100% biodiesel in a real diesel engine [START_REF] Atribak | New insights into the performance of ceria-zirconia mixed oxides as soot combustion catalysts. Identification of the role of "active oxygen" production[END_REF], were used for this study. As shown in Figure 6-1, when soot-TPO was performed till 500 °C (about 3-10% conversion) and 600 °C (about 20-30% conversion), respectively, the oxidized/activated soot samples were taken out from the reactor and marked "soot-500" and "soot-600". The raw soot samples were used as a reference. 

Catalyst preparation

MnO x -CeO 2 mixed oxides (CM) (Mn/Ce = 1/4 (mol/mol)) were prepared through a co-precipitation method and used to evaluate the catalytic activity of soot.

Ce(NO 3 ) 3 • 6H 2 O (solid, 95% pure) and Mn(NO 3 ) 2 (liquid, 50 wt.%) as the precursors were firstly dissolved in deionized water, then the mixture solution was mixed with the precipitant (pH > 9.0) consisting of NH 3 •H 2 O and (NH 4 ) 2 CO 3 (chemical reagents, Beijing). The obtained precipitates were filtered and dried by a spraying apparatus, then calcined in static air at 500 °C for 3 h in a muffle furnace.

Reactivity analysis

TPO tests in O 2

To explore the effect of thermal activation or partial oxidation of soot on soot oxidation activity during DPF regeneration, the TPO experiments of raw and activated soot samples were conducted in 9% b.v. O 2 /Ar. Figure 6-2a shows the noncatalytic activities of the raw and oxidized Printex U samples. By comparison, the oxidized soot Printex U-600 (about 20% of conversion) presents an apparently increased reactivity, its T i and T m values visibly decrease to 484 and 600 °C from 535 and 674 °C of raw soot, respectively (Table 6-1). However, the oxidized soot Printex U-500 (about 3% of conversion) has no apparent changes in reactivity compared to raw soot, Table 6-1 also lists their similar T i and T m values. Figure 6-2b presents the catalytic activities of Printex U samples. The same phenomenon can be observed that the conversion temperatures of Printex U-600 visibly shift towards lower values compared with raw soot, for example, the T i and T m separately shift to 458 and 560 °C from 483 and 644 °C (Table 6-1). While the TPO curve of Printex U-500 seems to be similar with that of raw soot and shows slightly increased T i and T m values. These results illustrate that the Printex U-600 is more reactive than Printex U-500 and raw Printex U. In order to confirm the influence of the activation step on the reactivity of soot, the raw soot samples were firstly oxidized in O 2 /Ar through TPO step from 25 to 600 °C, then the oxidized soot was cooled down to 25 °C and the second TPO was performed to obtain the total soot conversion profile. As shown in Figure 6 

TPO tests in NO + O 2

It was reported that the presence of NO can promote the oxidation of soot over Mn-Ce catalysts, which is due to the NO oxidation into NO 2 [START_REF] Zhang | Effects of contact model and NO x on soot oxidation activity over Pt/MnO x -CeO 2 and the reaction mechanisms[END_REF][START_REF] Lin | Preparation of MnO x -CeO x -Al 2 O 3 mixed oxides for NO x -assisted soot oxidation: Activity, structure and thermal stability[END_REF]. Moreover, the adsorption/desorption of NO on Mn-Ce mixed oxides can increase desorption of active oxygen [START_REF] Liu | Combined promoting effects of platinum and MnO x -CeO 2 supported on alumina on NO x -assisted soot oxidation: Thermal stability and sulfur resistance[END_REF]. TPO profiles of the catalytic oxidation of Printex U and Biodiesel soot samples under 400 ppm NO + 9% b.v. O 2 /Ar are presented in Figure 6-4. An apparent promotion of NO on soot activity can be seen by comparing For B7 soot, the high-temperature reactivities of raw B7 and B7-500 samples are almost similar in view of the close T m values (556 and 553 °C), and that of B7-600

shows a slight promotion. For B100 soot, the T m value of B100-500 shifts towards higher temperature (590 °C) and that of B100-600 (561 °C) is similar compared with raw soot (565 °C). 6-2). It is interesting to undernote that, not all soot samples can show the same phenomenon with Printex U after activation. As shown in Figure 6-5c-f and Table 6-2, for real soot B7 and B100, the activated soot samples exhibit decreased oxidation rates in O 2 but increased results in NO + O 2 . In Table 6-2, it can be observed that the initial oxidation rates of the oxidized B7 and B100 samples visibly decrease in only O 2 . A slight increase in final oxidation rates of the oxidized B7 samples can be also seen, but the oxidation rates are too small to illustrate the real case. In the case of the TPO results in NO + O 2 , the initial oxidation rates of B7 and B100 samples are ranked as follow: B7-600 (0.6774 µmol soot /s/g cat ) > B7 (0.6409 µmol soot /s/g cat. ) > B7-500 (0.5450 µmol soot /s/g cat. ) and B100 (0.7631 µmol soot /s/g cat. ) > B100-500 (0.7312 µmol soot /s/g cat. ) > B100-600 (0.6855 µmol soot /s/g cat. ), respectively. However, their final oxidation rates apparently increase with the activation. In previous TPO results, it can be seen that the activated B7 and B100 samples show a decreased in the In Seong's work [START_REF] Seong | Oxidation-derived maturing process of soot, dependent on O 2 -NO 2 mixtures and temperatures[END_REF], the authors analyzed the burning process of soot through partially oxidizing Printex-U soot under O 2 -NO 2 mixtures and found that the oxidation-derived maturing process was much dependent on NO 2 content. The presence of NO 2 during soot oxidation has been confirmed to have good promoting role on the reactivity of soot [START_REF] Zhang | Activity and thermal stability of Pt/Ce 0[END_REF][START_REF] Liu | Sulfation of Pt/Al 2 O 3 catalyst for soot oxidation: High utilization of NO 2 and oxidation of surface oxygenated complexes[END_REF][START_REF] Setiabudi | The role of NO 2 and O 2 in the accelerated combustion of soot in diesel exhaust gases[END_REF][START_REF] Zhang | Effects of contact model and NO x on soot oxidation activity over Pt/MnO x -CeO 2 and the reaction mechanisms[END_REF][START_REF] Seong | Oxidation-derived maturing process of soot, dependent on O 2 -NO 2 mixtures and temperatures[END_REF]. Thus, we suppose that the activated soot that was prepared under different reaction gases would have different oxidation cases. In the present work, Printex U soot was chosen and partially oxidized by TPO from 25 to 500 °C in 9% O 2 /Ar, 400 ppm NO + 9% O 2 /Ar and 400 ppm NO 2 + 9% O 2 /Ar, respectively. Then these oxidized soot samples were used for isothermal catalytic reactions in NO + O 2 at 350 °C to compare their differences. As presented in Figure 6-6, the isothermal reaction curves of the oxidized soot samples seem to have no a more apparent difference. When the reaction rate reaches stabilized values, it can be clearly seen that the oxidized soot under NO + O 2 shows a similar oxidation rate (about 0.51 µmol soot /s/g cat. ) compared to that one under only O 2 , but the oxidized soot under NO 2 + O 2 exhibits a slightly increased oxidation rate (about 0.57 µmol soot /s/g cat. ).

Isothermal reaction rate at 350 °C

This might be because the presence of NO 2 affects the structure of soot particles and thereby the oxidation reactivity during the activation process [START_REF] Al-Qurashi | Impact of exhaust gas recirculation (EGR) on the oxidative reactivity of diesel engine soot[END_REF][START_REF] Seong | Oxidation-derived maturing process of soot, dependent on O 2 -NO 2 mixtures and temperatures[END_REF].

Chapter VI. Structure, surface and reactivity of activated carbon: From model soot to Bio Diesel soot with following the order: raw soot < soot-500 < soot-600. Especially for the real soot B7 and B100, the activated soot samples exhibit a larger increase in particles aggregates sizes than Printex U. These results also illustrate that the soot particles with smaller aggregates sizes would be firstly oxidized during soot oxidation. increases surface area and decreases mean pore size. This illustrates that the activation process led to a modification of textural property of soot. For Printex U samples, Printex U-500 (at about 3% partial oxidation) shows a slight increase in S BET and R, while Printex U-600 (at about 20% partial oxidation) has a sharp increase in S BET and decrease in R. The pore volume (V p ) of Printex U also exhibits an increased trend with the activation. For real Biodiesel soot B7 and B100, a similar change in S BET and R with Printex U can be observed after activation, but one different point is that the V p of activated soot decreases (for example B7-600 and B100-500). The sharp decrease of mean pore size for the activated soot indicates an apparent increase in the amount of smaller pores and a disappearance of large pores. It is speculated that the initial soot oxidation may occur in larger pores. 

BET analysis

Raman analysis

The Raman spectra of raw and activated soot samples were measured to analyze the microstructural features and the results are presented in Figures 6789, 6-10 and Table 6-4. Figure 6-10 presents the Raman analysis of Printex U samples (as an example).

The Raman spectra of these soot are characterized by two overlapping peaks, which appear at around 1580 cm -1 (G peak) and 1350 cm -1 (D peak), respectively [START_REF] Abboud | Impacts of oxygenated compounds concentration on sooting propensities and soot oxidative reactivity: Application to Diesel and Biodiesel surrogates[END_REF][START_REF] Sadezky | Raman microspectroscopy of soot and related carbonaceous materials: spectral analysis and structural information[END_REF][START_REF] Knauer | Soot structure and reactivity analysis by Raman microspectroscopy, Temperature-Programmed Oxidation and High-resolution transmission electron microscopy[END_REF]. The D peak is generally related to defect sites or disordered carbon and G peak involves the ordered carbon. As shown in Figure 6-9, in comparison with untreated raw soot, which has more separated D and G peaks, the Raman spectra for activated samples show more strongly overlapping peaks, this might imply an increase in the content of molecular carbon for the activated soot [START_REF] Knauer | Soot structure and reactivity analysis by Raman microspectroscopy, Temperature-Programmed Oxidation and High-resolution transmission electron microscopy[END_REF]. Moreover, in Figure 6-9, it is also observed that raw soot samples exhibit broad Raman signals in the range of about 2300-3200 cm -1 , these should be ascribed to second-order bands respectively, and a Gaussian-shaped band D3 at about 1500 cm -1 [START_REF] Granger | Perovskites and Related Mixed Oxides: Concepts and Applications[END_REF][START_REF] Knauer | Soot structure and reactivity analysis by Raman microspectroscopy, Temperature-Programmed Oxidation and High-resolution transmission electron microscopy[END_REF]. It has been reported that D1 band is associated with disordered graphitic lattice and D3 band is Chapter VI. Structure, surface and reactivity of activated carbon: From model soot to Bio Diesel soot related to amorphous carbon or molecular carbon, thus D1 FWHM (full width at half maximum) and D3 band intensity as important parameters can provide some information about chemical structure of graphite-like and amorphous carbon [START_REF] Lapuerta | Effect of fuel on the soot nanostructure and consequences on loading and regeneration of diesel particulate filter[END_REF][START_REF] Knauer | Soot structure and reactivity analysis by Raman microspectroscopy, Temperature-Programmed Oxidation and High-resolution transmission electron microscopy[END_REF]. Many earlier works have also reported the FWHM of G and D bands and the D/G band intensity ratios (I D /I G ) can correlate with degree of graphitization of carbonaceous materials [START_REF] Wang | Raman spectroscopy of carbon materials: structural basis of observed spectra[END_REF][START_REF] Cuesta | Raman microprobe studies on carbon materials[END_REF][START_REF] Sze | Raman spectroscopic characterisation of carbonaceous aerosol[END_REF][START_REF] Jawhari | Raman spectroscopic characterisation of some commercially available carbon black materials[END_REF][START_REF] Dippel | NIR FT Raman spectroscopic study of flame soot[END_REF][START_REF] Nakamura | Disorder-induced line broadening in first-order Raman scattering from graphite[END_REF]. The authors thought that an increase in G and D band FWHM and I D /I G values indicates a decrease in order. It was also published that the ratios between D bands and G band areas (A D /A G ) are related to the structural defects in graphene layers [START_REF] Lapuerta | Effect of fuel on the soot nanostructure and consequences on loading and regeneration of diesel particulate filter[END_REF]. Since it is unclear which of these parameters should be used for Raman analysis, most of parameters are used here for comparison. In the previous work [START_REF] Atribak | New insights into the performance of ceria-zirconia mixed oxides as soot combustion catalysts. Identification of the role of "active oxygen" production[END_REF], it has been proposed that the noncatalytic and catalytic reactivities of soot are correlated to their structural properties. In the present work, the previous TPOs results have confirmed that the activated Printex U samples show improved reactivity compared to raw sample, this well agrees with the Raman results.

Nonetheless, the similar Raman results of the two oxidized samples cannot explain much higher reactivity of Printex U-600 than the other one. This may illustrate that the reactivity of soot cannot be only ascribed to the structure but also to particle morphology [START_REF] Atribak | New insights into the performance of ceria-zirconia mixed oxides as soot combustion catalysts. Identification of the role of "active oxygen" production[END_REF][START_REF] Lu | Size-resolved volatility, morphology, nanostructure, and oxidation characteristics of diesel particulate[END_REF], ash content and composition [START_REF] Bladt | Internally mixed multicomponent soot: impact of different salts on soot structure and thermo-chemical properties[END_REF][START_REF] Schmid | Multiwavelength Raman microspectroscopy for rapid prediction of soot oxidation reactivity[END_REF] as well as oxygen content [START_REF] Seong | Studies of soot oxidative reactivity using a diffusion flame burner[END_REF].

On the other hand, in the case of real soot B7 and B100, it can be seen in Table 6-4 that they have different structural features after activation compared with Printex U.

For B7 soot, as listed in Table 6-4, the activated soot B7-500 (3-10% soot conversion)

shows slightly decreased FWHM values, which appears to imply an increase in order.

However, the I D /I G and A D /A G exhibit increased values, this seems to reveal an inverse result. It has been reported that D band FWHM and I D /I G have no significant correlation with each other [START_REF] Sadezky | Raman microspectroscopy of soot and related carbonaceous materials: spectral analysis and structural information[END_REF]. Thus, it is difficult to well analyze the nanostructure of soot by Raman measurement and it may need more evidences to illustrate the nanostructural features. For B7-600 (20-30% soot conversion), D1 and G band FWHM values as well as I D3 /I G ratio are very similar with those of raw B7 sample.

But other parameters especially for D2 band FWHM and I D2 /I G exhibit an increased tend. It was reported that the I D2 /I G ratio and the D2 band FWHM should be inversely proportional to the thickness of graphitic domains in soot [START_REF] Sadezky | Raman microspectroscopy of soot and related carbonaceous materials: spectral analysis and structural information[END_REF][START_REF] Sze | Raman spectroscopic characterisation of carbonaceous aerosol[END_REF]. Therefore, the increase in D2 band FWHM and I D2 /I G might indicate the decrease of graphitic carbon.

For B100 soot, it can be seen in Table 6-4 that B100-500 sample (3-10% soot conversion) shows apparently decreased D1 and D2 bands FWHM but increased G band FWHM, I D /I G and A D /A G values relative to raw soot. Generally, the intensity of G band, D1 and G band FWHM as well as I D1 /I G are related to the graphitic order. The decrease in D1 band FWHM seems to reveal an increase in graphitic order. However, the G band FWHM and I D1 /I G increase, this inversely indicates a decrease in order.

Additionally, I D3 /I G as important parameter is often used to evaluate the amorphous carbon content of soot. The increase of I D3 /I G implies an increase in amorphous carbon content. Plus the increased tend of A D1 /A G and A D3 /A G , these results may illustrate an increase in disorder for B100-500. In the case of B100-600, it can be observed in Table 6-4 that D1 and G band FWHM as well as A D3 /A G exhibit higher values than both B100 and B100-500 samples, and I D1 /I G , I D3 /I G and A D1 /A G show very close values with those of B100-500. The result illustrates B100-600 has a lower order compared to the raw and B100-500 samples in spite of the decreased D2 parameters. In order to better observe the structural changes of the activated soot samples, the comparison, it can be observed that the activated soot samples have an increased area of highly disordered carbon particles on the center. For example, for Printex U-600, the fringe patterns on the center become less noticeable, this is due to the oxidation of less-ordered nuclei through diffused oxygen into porous particles [START_REF] Ishiguro | Microstructure of diesel soot particles probed by electron microscopy: first observation of inner core and outer shell[END_REF]. Thus, it is Chapter VI. Structure, surface and reactivity of activated carbon: From model soot to Bio Diesel soot 104 also confirmed that Printex U experienced an internal burning-out process during partial oxidation under O 2 [START_REF] Al-Qurashi | Impact of exhaust gas recirculation (EGR) on the oxidative reactivity of diesel engine soot[END_REF][START_REF] Seong | Oxidation-derived maturing process of soot, dependent on O 2 -NO 2 mixtures and temperatures[END_REF].

HRTEM analysis

In the case of B100 sample as real biodiesel soot, it exhibits different structural and morphology changes after oxidation treatment compared with Printex U. As shown in Figure 6-12a and b, the raw soot displays less obvious fringe layers and thinner carbon-layers thickness (about 5-10 nm) than raw Printex U soot. A less chainlike orientation and looser fringe layers are also observed in Figure 6-12b. These results seem to illustrate that the real biodiesel soot has higher disorder and lower degree of graphitization than Printex U, which is also found in the previous work [START_REF] Atribak | New insights into the performance of ceria-zirconia mixed oxides as soot combustion catalysts. Identification of the role of "active oxygen" production[END_REF]. After partial oxidation, the activated soot samples (B100-500 and B100-600) all show unclear fringe layers. This might confirm that the partially oxidized samples become more disordered. In comparison in Figure 6-12c, the edge of the B100-500 soot particle shows vaguer fringe layers than the area inside. Some void areas on the outer surface of primary particle are also found in Figure 6-12d. Therefore, B100 soot tended to oxidize through an external burning process during oxidation treatment [START_REF] Seong | Oxidation-derived maturing process of soot, dependent on O 2 -NO 2 mixtures and temperatures[END_REF].

Moreover, 50 soot particles were used for nanoparticles size analysis for each sample and nanoparticle-size distribution was presented in Figure 6-13. With the soot being oxidized partially, the nanoparticles sizes of Printex U and B100 tend to decrease.

Thus, the activated soot presents an smaller mean particle size than raw soot. This observation has been already reported in Al-Ourashi's work [START_REF] Al-Qurashi | Impact of exhaust gas recirculation (EGR) on the oxidative reactivity of diesel engine soot[END_REF]. ) [START_REF] Valero-Romero | Role of surface phosphorus complexes on the oxidation of porous carbons[END_REF][START_REF] Schobing | Impact of biodiesel impurities on carbon oxidation in passive regeneration conditions: Influence of the alkali metals[END_REF]. These molecular carbon species are also confirmed by the detection of O 1s spectra. Table 6-5 lists the relative contents of surface elements of the detected soot samples. It can be observed that the real Biodiesel soot shows higher oxygen content and lower content of graphene component than Printex U soot, this indicates that Biodiesel soot has a higher disorder, which was also confirmed in the previous work [START_REF] Atribak | New insights into the performance of ceria-zirconia mixed oxides as soot combustion catalysts. Identification of the role of "active oxygen" production[END_REF]. After the soot was activated at different temperatures, the activated soot samples show different XPS results. For both Printex U and B100, the activated samples all show an increased oxygen content and a decreased graphene content. By comparison, soot-600 has a more apparent increase in oxygen content and a larger decrease in graphene carbon than soot-500. In fact, the decrease of graphene content in the activated soot reveals the increase in disorder, this well agrees with the results of both Raman spectroscopy and HRTEM.

XPS analysis
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DRIFTS analysis

The DRIFT spectra of raw and activated Printex U and B100 soot samples were investigated to obtain more information about oxygen functional groups on the carbon surface. The obtained IR spectra are shown in Figure 6-17. According to the DRIFTS results and the previous reports [START_REF] Setiabudi | The role of NO 2 and O 2 in the accelerated combustion of soot in diesel exhaust gases[END_REF][START_REF] Wu | Effects of adsorbed and gaseous NO x species on catalytic oxidation of diesel soot with MnO x -CeO 2 mixed oxides[END_REF][START_REF] Escribano | A study of a ceria-zirconia-supported manganese oxide catalyst for combustion of Diesel soot particles[END_REF][START_REF] Figueiredo | Modification of the surface chemistry of activated carbons[END_REF], the bands at around 1205 and 1090 cm -1 are assigned to the stretching of C-OH and the bands at 1550 and 1420 cm -1 are ascribed to the symmetric and asymmetric stretching of COO in the aromatic carboxylate species, as well as some aromatic groups are very likely to be found at Chapter VI. Structure, surface and reactivity of activated carbon: From model soot to Bio Diesel soot around 1515 cm -1 . The stretching of C=O in lactones and carboxylic anhydrides can be observed at 1745 cm -1 as well as that in quinone and ceto-enol groups at 1610 cm -1 .

The weak band at around 1250 cm -1 may be associated with C-O stretching. It was reported that the formation of some surface oxygen complexes (SOCs) could be confirmed at 1730-1750 cm -1 (carboxylic anhydrides and lactones), 1595 and 1615 cm -1 (quinone and ceto-enol groups) as well as 1255 cm -1 (ethers and phenols) [START_REF] Wu | Effects of adsorbed and gaseous NO x species on catalytic oxidation of diesel soot with MnO x -CeO 2 mixed oxides[END_REF].

Moreover, in another publication [START_REF] Müller | Morphology-controlled reactivity of carbonaceous materials towards oxidation[END_REF], it was reported that the band at 1726 cm -1 is ascribed to the vibration of C=O in aromatic ester groups and the band at 1595 cm -1 can be attributed to the stretching vibration of conjugated C=C bonds or the bending mode of H 2 O. The apparent absorption bands between 1726 and 1615 cm -1 are difficult to assign in details. The bending vibration of C-H is also found at about 1460, 1395 and 1390 cm -1 [START_REF] Müller | Morphology-controlled reactivity of carbonaceous materials towards oxidation[END_REF][START_REF] Escribano | A study of a ceria-zirconia-supported manganese oxide catalyst for combustion of Diesel soot particles[END_REF]. The band at 1600 cm -1 could be attributed to the presence of H 2 O and the bands at 1300-1000 cm -1 are assigned to C-O vibrations [START_REF] Müller | Morphology-controlled reactivity of carbonaceous materials towards oxidation[END_REF].

As shown in Figure 6-17, the real Biodiesel soot B100 exhibits more surface oxygen functional components than Printex U soot in view of much stronger absorption signals, especially for the surface components (such as aromatic groups) appearing at 1600-1400 cm -1 . This result would give a better explanation for the XPS result that B100 soot exhibits higher oxygen content and lower carbon content than Printex U. In Figure 6-17a, it can be seen that the IR result of Printex U-500 seems to be same with that of raw Printex U, but an apparent change can be observed for Printex U-600 with an increased absorbance signal. This illustrates that the contents of surface functional groups, for example, aromatic groups (1550, 1515, 1460 and 1420 cm -1 ), C-H (1460, 1395 and 1390 cm -1 ) and C=O (1750-1726 cm -1 ), visibly increase on the surface of Printex U-600. It is also noted that the C=C components of Printex U-600 obviously decrease compared to raw and Printex U-500 soot. The previous XPS results reveal that Printex U-600 shows more apparent changes in oxygen and graphene contents than Printex U-500, relative to raw soot. The IR results here would be a reasonable explanation for this point. Besides, in Figure 6-17b, it can be observed that the raw and activated B100 samples show a similar shape of IR absorbance profiles.

found that smaller particles aggregates are more reactive than larger ones [START_REF] Atribak | New insights into the performance of ceria-zirconia mixed oxides as soot combustion catalysts. Identification of the role of "active oxygen" production[END_REF]. The result in the present work cannot illustrate this point. For example, the activated soot Printex U-600 exhibits the best reactivity in both O 2 and NO + O 2 , but its mean particles aggregates size is the largest one. This might indicate that smaller soot particles aggregates have been oxidized during the activation. In the case of Biodiesel soot samples, the activated soot shows a decreased low-temperature reactivity (Figure 6-3), this may be ascribed to the loss of smaller particles aggregates.

It was reported that high surface area of soot could promote the oxidative reactivity [START_REF] Schobing | Impact of biodiesel impurities on carbon oxidation in passive regeneration conditions: Influence of the alkali metals[END_REF]. The previous BET results reveal that the activated soot samples show higher surface area than raw soot. The increased surface area apparently enhances the reactivity of the activated Printex U soot, however, it cannot that of the activated Biodiesel soot.

Raman spectroscopy is an important method to study the nanostructural features of soot and D1 band FWHM and the relative intensity of D3 band (I D3 /I G ) were reported to be the main parameters to evaluate soot structure [START_REF] Lapuerta | Effect of fuel on the soot nanostructure and consequences on loading and regeneration of diesel particulate filter[END_REF][START_REF] Knauer | Soot structure and reactivity analysis by Raman microspectroscopy, Temperature-Programmed Oxidation and High-resolution transmission electron microscopy[END_REF]. Thus, Figure 6-18 presents the correlation of the reactivities (T m ) of Printex U and B100 samples with structural features. For Printex U samples, as shown in Figure 6-18, the activated soot samples show similar and higher D1 band FWHM and I D3 /I G ratios, revealing their similar and increased disorder structure. However, the noncatalytic and catalytic reactivities of soot in O 2 follow the order: Printex U-600 > Printex U-500 ≈ Printex U and the catalytic reactivity in NO + O 2 follows the order: Printex U-600 > Printex U-500 > Printex U. This result can not be well correlated to Raman parameters.

Besides, in previous HRTEM results, it can be observed that the degree of graphitization changes with the order: Printex U-600 < Printex U-500 < Printex U.

The content of graphene carbon on the surface of Printex U samples also follows this order (Figure 6 -19). The results can well agree with the catalytic reactivity in NO + O 2 . On the other hand, Figure 6-19 shows that the order of surface oxygen content of Printex U samples is Printex U-600 (10.8%) > Printex U-500 (9.9%) ≈ Printex U (9.7%). The previous DRIFTS results also reveal that Printex U and Printex U-500 have close quantities of surface functional groups and Printex U-600 has an apparent increase in that compared to them. These conclusions are well correlated to the noncatalytic and catalytic reactivities of soot in O 2 .

In the case of B100 soot samples, as shown in Figure 6-18 and Figure 6-19, it can be known that the noncatalytic reactivity in O 2 follows the order: B100 ≈ B100-500 < B100-600 and the catalytic reactivities in both O 2 and NO + O 2 follow the order: B100-500 < B100 ≈ B100-600. It is also observed in Figure 6-18 that B100-500

shows lower D1 FWHM value than B100 and B100-600, indicating its an increase in graphitic order, which seems to be correlated to the catalytic reactivity. The I D3 /I G ratio of B100-500 exhibits a slightly increased value than that of B100 and B100-600, this indicates higher content of amorphous carbon in B100-500 soot. However, that can not agree with the reactivity. In the previous discussion on Raman results, it was mentioned that it might be difficult to analyze the nanostructure of soot by only using

Raman. The HRTEM results reveal that the activated soot samples show a higher disorder than raw B100. In Figure 6-19, the XPS results also indicate that the contents of surface graphene carbon and oxygen follow the order: B100 > B100-500 > B100-600. But these results cannot be well correlated to the reactivity of B100 samples. On the other side, it is noted that B100 and B100-600 show similar DRIFT spectra and slightly higher concentration of surface functional groups than B100-500, which is well correlated to their reactivities. In fact, it is difficult to correlate structural and surface properties to the reactivity of soot, because the factors that affect soot oxidative reactivity are complex, not only related to the structure and surface property but also to soot oxidation reaction conditions. For example, in the previous isothermal reactions at 350 °C, under only O 2 , the soot oxidation rates of raw and activated Printex U and B100 follow the order:

Printex U (0.0082 µmol soot /s/g cat. ) ≈ Printex U-500 (0.0082 µmol soot /s/g cat. ) < Printex U-600 (0.0538 µmol soot /s/g cat. ) and B100 (0.0814 µmol soot /s/g cat. ) > B100-500 (0.0243 µmol soot /s/g cat. ) ≈ B100-600 (0.0243 µmol soot /s/g cat. ), respectively. However, under NO + O 2 , their oxidation reaction rates all follow the order: raw soot < soot-500 < soot-600. It is also noticed that the isothermal reaction rates under NO + O 2 can be well correlated to HRTEM and XPS results. Moreover, some authors tried to link the nanostructure to soot oxidative reactivity and found there was no an apparent relationship between the reactivity and Raman results [START_REF] Atribak | New insights into the performance of ceria-zirconia mixed oxides as soot combustion catalysts. Identification of the role of "active oxygen" production[END_REF][START_REF] Ye | Impact of rail pressure and biodiesel fueling on the particulate morphology and soot nanostructures from a common-rail turbocharged direct injection diesel engine[END_REF]. In this work, similarly, the Raman results cannot be also well correlated to the reactivity of soot.

But some researchers also confirmed that the nanostructure analyzed by Raman is one of the factors that determine the oxidation reactivity of soot [START_REF] Lapuerta | Effect of fuel on the soot nanostructure and consequences on loading and regeneration of diesel particulate filter[END_REF][START_REF] Knauer | Soot structure and reactivity analysis by Raman microspectroscopy, Temperature-Programmed Oxidation and High-resolution transmission electron microscopy[END_REF][START_REF] Knauer | Changes in structure and reactivity of soot during oxidation and gasification by oxygen, studied by microRaman spectroscopy and temperature programmed oxidation[END_REF]. It was also reported that the reactivity of soot is not only related to the nanostructure but to soot composition [START_REF] Bladt | Internally mixed multicomponent soot: impact of different salts on soot structure and thermo-chemical properties[END_REF][START_REF] Bladt | Impact of Fe content in laboratory-produced soot aerosol on its composition, structure, and thermo-chemical properties[END_REF][START_REF] Schobing | Impact of biodiesel impurities on carbon oxidation in passive regeneration conditions: Influence of the alkali metals[END_REF], oxygen content [START_REF] Seong | Studies of soot oxidative reactivity using a diffusion flame burner[END_REF] and surface functional groups [START_REF] Müller | Morphology-controlled reactivity of carbonaceous materials towards oxidation[END_REF].

Thus, the correlation of soot oxidative reactivity should take into account a co-influence of various factors.
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Besides, this study gives valuable findings on the changes in the structure, surface and noncatalytic/catalytic reactivity of the activated Printex U model and real Biodiesel soot. In comparison, the two types of soot samples show different features. However, many researchers often use Printex U model to investigate the oxidative reactivity of Diesel soot, this might not be a better route to understand the combustion of real engine soot samples. In actual exhaust gas, higher temperature and oxygen concentration would promote the activation of soot before the exhaust gas going through the DPF. Furthermore, the activation of soot might also occur during soot deposition and DPF regeneration processes. These should be considered in experimental models and studies. This study also gives some useful information on the development and selection of model soot in order to carry out an accurate evaluation of soot oxidation and thus further optimize the DPF regeneration.

Summary

In the present study, we studied and compared the structure, surface and reactivity of Operation of diesel engines as lean burn engines can provide the user with good fuel economy due to their significant advantages in terms of high thermal efficiency and durability. Besides, high air/fuel ratios in their operation effectively reduce the emissions of gas phase hydrocarbons and carbon monoxide. However, severe emission problems relate to particulate matter (PM), in particular, carbon nanoparticles have caused serious environment pollution and human health influences [START_REF] Quiros | Measuring particulate matter emissions during parked active diesel particulate filter regeneration of heavy-duty diesel trucks[END_REF][START_REF] Twigg | Progress and future challenges in controlling automotive exhaust gas emissions[END_REF][START_REF] Fornasiero | Development of functionalized Fe-Al-Cr alloy fibers as innovative catalytic oxidation devices[END_REF][START_REF] Twigg | Catalytic control of emissions from cars[END_REF][START_REF] Valavanidis | Characterization of atmospheric particulates, particle-bound transition metals and polycyclic aromatic hydrocarbons of urban air in the centre of Athens (Greece)[END_REF]. Thus, many countries and regions have drawn up more restrictive legislation such as Euro VI emission standard to limit PM emissions [START_REF] Mokhri | Soot filtration recent simulation analysis in diesel particulate filter (DPF)[END_REF][START_REF]Direction gé né rale des Infrastructures, des Transports et de la Mer-Des vé hicules aux normes pour ré duire la pollution de l'air[END_REF].

In order to comply with the restrictive legislation, many researchers and vehicle manufacturers have been looking for an effective method to reduce PM emissions.

They thought that the use of Biodiesel as a renewable fuel can apparently decrease the emissions of carbon particulates and greenhouse gases (GHG) and thereby proposed to replace conventional Diesel by Biodiesel [START_REF] Agarwal | Particulate emissions from biodiesel fuelled CI engines[END_REF][START_REF] Xue | Effect of biodiesel on engine performances and emissions[END_REF]. Biodiesel is a synthetic Diesel-like fuel and can be attained from natural sources such as vegetables and animal fats through transesterification of triglycerides [START_REF] Agarwal | Particulate emissions from biodiesel fuelled CI engines[END_REF][START_REF] Schuchardt | Transesterification of vegetable oils: a review[END_REF]. In comparison with

Diesel, Biodiesel has higher oxygen content, which would decrease the sooting tendency during fuel combustion and thereby soot deposit in the Diesel Particulate Filter (DPF) [START_REF] Seong | Studies of soot oxidative reactivity using a diffusion flame burner[END_REF][START_REF] Schalla | Variation in smoking tendency[END_REF][START_REF] Lemaire | Analysis of the sooting propensity of C-4 and C-5 oxygenates: comparison of sooting indexes issued from laser-based experiments and group additivity approaches[END_REF][START_REF] Dmitriev | The effect of methyl pentanoate addition on the structure of premixed fuel-rich n-heptane/toluene flame at atmospheric pressure[END_REF][START_REF] Mcenally | Sooting tendencies of oxygenated hydrocarbons in laboratory-scale flames[END_REF]. Its combustion also results in the formation of oxygenated soot with more amorphous structure, thus improving soot oxidative reactivity [START_REF] Abboud | Impacts of oxygenated compounds concentration on sooting propensities and soot oxidative reactivity: Application to Diesel and Biodiesel surrogates[END_REF][START_REF] Atribak | New insights into the performance of ceria-zirconia mixed oxides as soot combustion catalysts. Identification of the role of "active oxygen" production[END_REF][START_REF] Song | Examination of the oxidation behavior of biodiesel soot[END_REF][START_REF] Lamharess | Catalysed diesel particulate filter: Study of the reactivity of soot arising from biodiesel combustion[END_REF].

However, Biodiesel has been characterized to have some inorganic impurities like alkali metals, phosphorus, etc., these impurities would deposit in the whole vehicle exhaust system during the combustion of large amount of Biodiesel [START_REF] Agarwal | Particulate emissions from biodiesel fuelled CI engines[END_REF][START_REF] Shukla | Trace metals and ions in particulates emitted by biodiesel fuelled engine[END_REF][START_REF] Brookshear | Investigation of the effects of biodiesel-based Na on emissions control components[END_REF].

Chapter VII. Effect of Biodiesel impurities (K, Na, P) on noncatalytic and catalytic activities of soot in model DPF regeneration conditions undoped soot was also calcined at the same temperature for 2 h and used for a reference. It was noted 350B7.

Catalyst preparation

MnO x -CeO 2 mixed oxides (Mn/Ce = 1/4 (mol/mol)) were prepared through a co-precipitation method. Ce(NO 3 ) 3 As shown in Figure 7-1a, the ignition of K/Na-doped samples takes place at lower temperatures compared to that of the undoped soot. The temperatures of the maximum soot oxidation rate visibly shift towards lower values after K and Na doping. With the doping amount of K and Na increasing from 0.5% to 2%, the oxidative reactivity of B7 trends to a better result. The promoting role of alkali metals on carbon oxidation by O 2 was also confirmed in the literature [START_REF] Schobing | Impact of biodiesel impurities on carbon oxidation in passive regeneration conditions: Influence of the alkali metals[END_REF][START_REF] Matarrese | Soot combustion: Reactivity of alkaline and alkaline earth metal oxides in full contact with soot[END_REF][START_REF] Castoldi | Intrinsic reactivity of alkaline and alkaline earth metal oxide catalysts for oxidation of soot[END_REF].

However, an opposite behavior of phosphorus can be seen in Figure 7-1b, it illustrates that the presence of P impurity in soot inhibits the oxidative reactivity and the deposit of higher content of P leads to a worse reactivity. This result is similar to the previous studies [START_REF] Schobing | Impact of biodiesel impurities on carbon oxidation in passive regeneration conditions: Influence of the alkali metals[END_REF][START_REF] Wu | Inhibition of catalytic oxidation of carbon/carbon composites by phosphorus[END_REF][START_REF] Wu | Catalytic oxidation of carbon/carbon composite materials in the presence of potassium and calcium acetates[END_REF]. The following Figure 7-3 shows the temperatures at 5% or 50% conversion of different soot samples, it was found under the same conditions, the reactivity follows the order: 1% Na/B7 > 1% K/B7 > 350B7 > 1% P/B7. found that the presence of Na and K promotes the soot oxidation and 1% of element concentration exhibits higher promotion than the 0.5%. However, for 0.5% K/B7

Chapter VII. Effect of Biodiesel impurities (K, Na, P) on noncatalytic and catalytic activities of soot in model DPF regeneration conditions sample, the ignition of soot occurs at higher temperature compared with that of undoped soot. In Figure 7-3a, it is also observed that 1% K/B7 sample shows higher T 5% value than 350B7. It may be explained that partial NO 2 was stored in K/B7 in the form of nitrate and/or nitrite under 5% H 2 O, thus decreasing C-NO 2 oxidation reaction at low temperatures. On the other hand, for the P-doped samples, it can be observed in Figure 7-2 that 0.5% P/B7 sample seems to exhibit a slightly increased reactivity compared to 350B7. It was also noted in Figure 7-3a that 1% P/B7 has a lower T 5% (358 °C) than 350B7 (372 °C). The results reveal that the presence of P also enhances the reactivity of soot under NO 2 + O 2 + H 2 O, which was confirmed in Schobing's work [START_REF] Schobing | Impact of biodiesel impurities on carbon oxidation in passive regeneration conditions: Influence of the alkali metals[END_REF]. But the peak temperature (T m ) of 1% P/B7 visibly moves to higher value relative to that of 350B7, their T 50% values also present the same result (Figure 7-3b). This indicates that P element inhibits high-temperature reactivity of soot. Figure 7-3 illustrates the impact of different inorganic elements on soot oxidation reactivity in the presence of NO 2 . T 5% and T 50% are as follows: 1% K/B7 > 350B7 > 1% P/B7 > 1% Na/B7 and 1% P/B7 > 350B7 > 1% K/B7 > 1% Na/B7, respectively. In addition, it can be seen in Figure 7-3a that the presence of NO 2 apparently decreases the T 5% values of soot samples, revealing the promoting role of NO 2 on soot oxidation at lower temperatures. While, as shown in Figure 7-3b, the promotion of NO 2 becomes weak at higher temperatures (T 50% ), this is because thermal follows the order: 2% K/B7 > 1% K/B7 > 0.5% K/B7 > 350B7, 2% Na/B7 > 1% Na/B7 > 0.5% Na/B7 > 350B7 and 350B7 > 0.5% P/B7 > 1% P/B7 > 2% P/B7, respectively. Figure 7-7 also illustrates the order of the reactivity (T 5% and T 50% ) of K/Na/P-doped samples is as follows: 1% Na/B7 > 1% K/B7 > 350B7 > 1% P. These results are similar with the previous noncatalytic reactivity under O 2 .

In comparison with the previous C-O 2 reaction results in Figure 7-3, the presence of catalyst visibly decreases the T 5% values of the undoped and doped samples from 412-542 °C to 382-492 °C. While there is no an apparent difference in T 50% between with and without catalyst. This indicates that the presence of catalyst effectively promotes the ignition of soot. and the ignition of soot samples apparently shifts to lower temperatures compared to the results in O 2 . Especially in Figure 7-5a and b, it can be seen that all the TPO profiles move towards lower temperatures, which shows a strong promoting role of NO on soot catalytic oxidation, this has been confirmed in the previous studies [START_REF] Zhang | Effects of contact model and NO x on soot oxidation activity over Pt/MnO x -CeO 2 and the reaction mechanisms[END_REF][START_REF] Liu | Combined promoting effects of platinum and MnO x -CeO 2 supported on alumina on NO x -assisted soot oxidation: Thermal stability and sulfur resistance[END_REF][START_REF] Atribak | New insights into the performance of ceria-zirconia mixed oxides as soot combustion catalysts. Identification of the role of "active oxygen" production[END_REF]. However, in Figure 7-5c, the presence of phosphorus does not make the peak temperature (T m ) obviously shift towards lower temperatures after adding NO into reaction gas. This indicates that the presence of P weakens the promotion of NO on high-temperature activity.

Figures 7-5a and b show that the presence of Na and K promotes the NO-assisted catalytic oxidation activity of soot except for 0.5% K-doped sample exhibiting a similar reactivity with undoped sample. Higher content of Na or K in soot leads to an increased reactivity. On the contrary, Figure 7-5c reveals that the presence of P apparently inhibits the catalytic reactivity of soot. As same as shown in Figure 7-4b, the deposit of more phosphorus in soot results in a larger decrease in the reactivity. In Figure 7-7, it was found that T 5% and T 50% under NO + O 2 + H 2 O separately follow the order: 1% K/B7 > 1% Na/B7 > 1% P/B7 > 350B7 and 1% Na/B7 > 1% K/B7 > 350B7 > 1% P/B7. It is noted that during the ignition of soot, K-doped sample shows higher oxidative reactivity than Na-doped one and P-doped sample also exhibits a promoted reactivity. This is different with the result in O 2 . It illustrates that the impact of inorganic impurities on soot catalytic oxidation also depends on the composition of reaction gas. Na/B7 > 1% P/B7 > 350B7 and 1% Na/B7 > 1% K/B7 > 350B7 > 1% P/B7, respectively. The result also reveals the promoting role of P on soot ignition. the catalytic reactivity of soot. In the previous study [START_REF] Zhang | Effects of contact model and NO x on soot oxidation activity over Pt/MnO x -CeO 2 and the reaction mechanisms[END_REF], the authors compared the promoting role of NO and NO 2 during soot oxidation over Pt/MnO x -CeO 2 catalyst and found that NO more highly promotes soot oxidation activity than NO 2 . In Figure 7-7, 1% K/B7 sample shows lower T 5% under NO, but the T 50% values under NO and NO2 are very close. A similar T 5% under NO x is seen in 350B7 and 1% Na/B7 samples, while their T 50% values are lower under NO than that under NO 2 . These may be attributed to higher promotion of NO. However, T 5% and T 50% of the P-doped sample all present a higher value under NO than that under NO 2 , indicating higher promotion of NO 2 . Some researchers thought that the structural defects in graphene layers are also related to the ratios between D and G band areas (A D /A G ) [START_REF] Lapuerta | Effect of fuel on the soot nanostructure and consequences on loading and regeneration of diesel particulate filter[END_REF]. This illustrates that the degree of graphitization of the doped soot is not apparently affected by K. But it is also observed that the A D3 /A G of 1% K/B7 exhibits a visible increase from 0.42 to 0.49, which indicates that the addition of K into soot increases the structural defects. In case of Na-doped samples, they show similar D1 FWHM and I D1 /I G values with 350B7 sample, revealing a similar structure of the disordered graphitic lattice in carbon. It is also seen that 0.5% Na/B7 shows a very close G FWHM value but 1% Na/B7 an obvious increase from 65 to 72 cm -1 compared with 350 B7, this indicates that the doping of 1% Na into B7 soot decreases the degree of graphitization. Furthermore, the Na-doped samples show higher I D3 /I G and A D3 /A G values than 350 B7, this reveals that the introduction of Na apparently increases the amount of defective sites and amorphous carbon. The 1% Na-doped sample displays more apparent result than 0.5% Na-doped sample. In comparison with K-doped samples, the addition of Na exhibits a higher promotion on increasing structural defects of carbon in view of higher I D3 /I G and A D3 /A G values.

Physicochemical properties 7.4.1 Raman analysis

For the P-doped samples, it can be noted that there is no an apparent change in G band In the previous reactivity results, K-and Na-doped soot samples all show an improved reactivity under both noncatalytic and catalytic conditions. This should be attributed to their increased structural defects. The presence of Na in soot exhibits larger promotion on the reactivity than that of K, this is because Na-doped soot presents more structural defects than K-doped soot. However, P-doped samples show a decreased reactivity compared to 350B7, which should be related to the decreased trend of their structural defects. The values of surface area (S BET ), micropore surface area, mesopore surface area, micropore volume (V micro ) and mesopore volume (V meso ) are listed in insertion of the metals in the structure and thereby increase BET surface area and micropore volume [START_REF] Schobing | Impact of biodiesel impurities on carbon oxidation in passive regeneration conditions: Influence of the alkali metals[END_REF]. This role of alkali metals might exist in the 1% K-doped soot sample, as a result, it shows much higher surface area than 0.5% K-doped soot sample. On the other side, for Na-and P-doped samples, their surface areas apparently decrease with the increase of the doping amount (from 0.5% to 1%).

BET analysis

However, the surface area and pore volume cannot be well correlated to the reactivity of the doped soot samples. For example, the introduction of Na and K greatly promotes the reactivity, but the doped samples present a decreased surface area. The result might illustrate that the reactivity of the doped soot samples do not depend on their surface area. The morphology of different soot samples (including 350B7, 1% K/B7, 1% Na/B7 and 1% P/B7) was characterized through HRTEM, and the results are shown in Figure 7-9. All samples show highly ordered graphitic carbon layers and disordered amorphous structure. The crystalline layers in graphitic carbon exhibit strongly bent ribbons and long chainlike agglomerates. In the case of 350B7 sample, it can be observed that it shows visible crystalline layers and high structural order. In the case of the doped soot samples, the Na-and P-doped samples exhibit less crystalline layers and more disordered carbon or amorphous carbon than the other samples. The morphology of K-doped sample seems to be similar with that of the undoped 350B7 sample.

HRTEM analysis

The observation on HRTEM images can not well agree with the results of Raman and reactivity. For example, it is confirmed that P-doped sample exhibits less disordered carbon and structural defects through Raman spectroscopy and thus a poorer reactivity, but HRTEM image shows that it has higher disorder. This may be difficult to correctly evaluate the nanostructure of soot by HRTEM images because the measurement of TEM may be limited by the heterogeneity of soot materials. The results of HRTEM also illustrate that the reactivities of the doped soot samples cannot depend on their morphology features. into the bulk structure of carbon and forming C-O-PO 3 or (CO) 3 -P species [START_REF] Schobing | Impact of biodiesel impurities on carbon oxidation in passive regeneration conditions: Influence of the alkali metals[END_REF].

XPS analysis

The previous TPO results reveal the Na-doped soot sample shows higher noncatalytic and catalytic reactivity under both O 2 and NO x + O 2 than 350B7 and P-doped soot sample. The XPS results confirm that 1% Na/B7 shows higher oxygen content (14.3%), especially that in (CO) form (13.4%), than 350B7 and 1% P/B7. This might be one of factors that promote soot oxidation reactivity. Besides, the P-doped sample shows a similar oxygen content with 350B7 sample, however, this cannot explain an obvious inhibition of P on soot oxidation reactivity. The result also illustrates that the oxygen content on the carbon surface is not only one factor that depends on the reactivity of soot. The previous Raman results reveal that 1% P/B7 exhibits an increase in structural order and thus a decreased reactivity, this indicates that the reactivity of soot is also related to the structure.

On the other side, other factors may also determine the reactivity of soot. For example, the presence of K or Na in soot could play a role of catalyst to decrease the activation energy of soot oxidation, thus improving the reactivity [START_REF] Jimé Nez | Soot combustion with K/MgO as catalyst: II. Effect of K-precursor[END_REF][START_REF] Matarrese | Soot combustion: Reactivity of alkaline and alkaline earth metal oxides in full contact with soot[END_REF][START_REF] Castoldi | Intrinsic reactivity of alkaline and alkaline earth metal oxide catalysts for oxidation of soot[END_REF]. Moreover, K also promotes the contact between catalyst and soot due to its high mobility and thereby the catalytic reactivity [START_REF] Gross | Catalytic oxidation of diesel soot: New characterization and kinetic evidence related to the reaction mechanism on K/CeO 2 catalyst[END_REF].

summary

A real Biodiesel soot was impregnated by Na, K and P through a saturated impregnation method. The research mainly focuses on the impact of Biodiesel impurities on the noncatalytic and catalytic reactivity of soot under model DPF regeneration conditions. TPO measurements confirmed that the introduction of Na and K enhanced the noncatalytic and catalytic reactivity of soot under both O 2 and NO x + O 2 and Na-doped sample showed better results. The presence of P in soot inhibited the the noncatalytic and catalytic reactivity in view of the increased T 50% value, but it promoted the ignition of soot under NO x + O 2 mixture. The characterizations revealed that the soot doped with Na and K exhibited increased Chapter VII. Effect of Biodiesel impurities (K, Na, P) on noncatalytic and catalytic activities of soot in model DPF regeneration conditions structural defects and P led to a decrease in disordered structure. They also indicated that the reactivity of the doped soot is related not only to surface oxygen content and structure but also to the other factors such as the catalytic role of Na and K. HRTEM and BET results revealed that the reactivity of the doped soot samples could not be well correlated to their morphology and surface area.

Conclusions

In This promotion is related to the increase of oxygen vacancies and the desorption of active oxygen from surface nitrate decomposition. In the chapter 6, the experiment focused on the structure, surface and reactivity of the activated Printex U model and real Biodiesel soot samples through BET, Raman, HRTEM, XPS, DRIFTS and temperature-programmed oxidation (TPO). TPO evidenced that the activated Printex U soot was more reactive than the activated Biodiesel soot (B7 and B100) generated from a real Diesel engine under both O 2 and NO + O 2 mixture. BET displayed an increased surface area and a decreased pore size of activated soot. Raman and HRTEM revealed that the activated soot showed an increased disorder. The morphology features also confirmed different combustion processes of Printex U and B100. XPS illustrated that the activation decreased surface graphene carbon and increased oxygen content. DRIFTS indicated that the activation did not increase the concentration of surface functional groups of B100 but increased that of Printex U. It was proved that the reactivity of activated Printex U samples is more dependent on structural and surface properties compared with that of the activated Biodiesel soot samples.

These studies in chapters 5 and 6 provided valuable findings on the soot oxidation rate and the parameters influencing it, which could contribute to develop accurate soot models that are required for robust regeneration strategies. The use of 100% biofuel induces significantly lower soot deposits in DPF that being correctly estimated (adapted biofuel soot models) might reduce the need of active regenerations and therefore the fuel consumption and the catalyst ageing. Therefore, the understanding of how the fuel type and engine operation affects the particle morphology and its reactivity are crucial for optimizing the DPF regeneration strategy. For the development of new coating formulations, the selection of model soot to be used in synthetic gas benches shall be taken with care, as it was shown in that study the risk of having different behaviors for example for the carbon-black Printex U often reported in literature. The catalyst evaluation studies shall therefore take into account the use of burner and real engine soot samples as well as realistic operating conditions

Chapter VIII. Conclusions in terms of gas composition and soot/catalyst contact in order to perform an accurate benchmark.

The experiments in chapter 7 mainly studied the impact of Biodiesel impurities on the noncatalytic and catalytic reactivity of soot under model DPF regeneration conditions.

A real Biodiesel soot was impregnated by Na, K and P through a saturated impregnation method. TPO measurements confirmed that the introduction of Na and K enhanced the noncatalytic and catalytic reactivity of soot under both O 2 and NO x + O 2 and Na-doped sample showed better results. The presence of P in soot inhibited the the noncatalytic and catalytic reactivity in view of the increased T 50% value, but it promoted the ignition of soot under NO x + O 2 mixture. The characterizations revealed that the soot doped with Na and K exhibited increased structural defects and P led to a decrease in disordered structure. They also indicated that the reactivity of the doped soot could be related not only to surface oxygen content and structure but also to the other factors such as the catalytic role of Na and K as well as the soot-catalyst contact. 
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  were studied and compared to look for suitable model soot used for correct experimental simulation. The thesis presents 7 chapters. The first three chapters include the general introduction, research background and materials characterizations and soot reactivity tests, respectively. The fourth, fifth, sixth and seventh chapter present the main experimental results, including structure-reactivity study of model and Biodiesel soot, Chapter I. Introduction NO adsorption/desorption influence on MnO x -CeO 2 catalyst, Biodiesel soot activation study and impact of Biodiesel impurities on soot reactivity. The last chapter is a summary of the PhD works. The first chapter introduces the general content of various chapters and the PhD research objectives and experimental methods, it is a general introduction of the thesis. The second chapter is a literature review of the research background. The first part describes Diesel exhaust emissions, environment pollution and health impacts. It illustrates that Diesel exhaust emissions, especially NO x and particulate matter (PM) emissions, severely affect air environment and human health. The second part introduces Diesel particulate filter (DPF), including DPF filtration process and DPF regeneration and illustrates that it is the most effective way to control PM emissions. The third part is to introduce soot structure that shows an important role in soot oxidation reactions. The soot structure can be characterized through TEM, Raman and XRD methods. The fourth part mainly introduces the precious metal Pt catalysts and Ce-based mixed oxide catalysts. The fifth part presents the reaction mechanisms for soot oxidation with O 2 and/or NO 2 . It also illustrates that the reaction mechanisms are different under different reaction conditions and catalyst systems.
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 21 Figure 2-1. The compositions of Diesel exhaust gas [19].
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 22 Figure 2-2. Diesel exhaust post-treatment system.
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 23 Figure 2-3. Wall-flow filter of PM from diesel exhaust [19].
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 24 Figure 2-4. Soot deep bed and cake filtration on DPF wall-flow substrates [51].
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 25 Figure 2-5. Pressure drop increasing with particulate matter deposition during PM filtration [51].

Figure 2 - 6 .

 26 Figure 2-6. Active and passive regeneration methods of filter system.

  injection to increase the exhaust temperature [56]. Main approaches used for passive regeneration have: continuously regeneration trap (CRT) with DOC + DPF, catalyzed CRT (CCRT) with adding catalysts to DPF (Figure 2-7), and fuel additives which can decrease soot combustion temperature [54,56-59].
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 27 Figure 2-7. DPF passive regeneration system [59].
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 28 Figure 2-8. Various steps of graphitisation [68].
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 2 Figure 2-9 shows the TEM images of Diesel soot particles, an onion-like turbostratic

  -10 [66], the XRD patterns of graphitised carbon materials show four narrow bands, which can be identified in 002 (26.8°), 100 (42.3°), Chapter II. Literature review on soot emission control 101 (44.5°) and 102 (54.9°) positions. For Diesel model soot Printex 90 and Printex XE2, their XRD patterns only show two bands appearing at 24.9° and 43.6° of Printex XE2 as well as 24.2° and 43.4° of Printex 90. The graphitisation of soot particles can be evaluated by the full width at half maximum (FWHM) and crystallite size [66]. For example, in Figure 2-10, the crystalline size of Diesel model soot is 2-4 nm and that of graphitised carbon is around 250 nm, this illustrates that Diesel model soot has lower degree of graphitization [66].
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 292 Figure 2-9. Structure of soot particles characterized by TEM[START_REF] Ruiz | In-fluence of the temperature on the properties of the soot formed from C 2 H 2 pyrolysis[END_REF] 
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 2 Figure 2-11. Raman spectrum of untreated EURO VI soot [73].

  -12, it was found that the formation and desorption of active oxygen, especially super-oxygen species (-O 2 -), originating from NO 2 chemisorptions and the decomposition of surface nitrates (such as bidentate and bridging nitrates) might accelerate the CeO 2 catalyzed soot oxidation. Setiabudi et al. thought that the gas-phase NO 2 could be adsorbed to the oxygen vacant sites of CeO 2 and then form cerium nitrates, their decomposition would lead to the production of peroxide or super-oxide species.
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 2 Figure 2-12. Reaction scheme showing oxygen transfer from NO 2 to CeO 2[START_REF] Setiabudi | CeO 2 catalysed soot oxidation The role of active oxygen to accelerate the oxidation conversition[END_REF].

  30 mg of soot-catalyst mixture in tight contact was used for soot temperature-programmed reduction (soot-TPR). The sample was heated from 80 to 650 °C at a ramp rate of 5 °C/min in a pure Ar flow (100 ml/min). The consumption signals (CO x concentration) of soot were monitored by a MS (mass spectrometry) detector (Figure 3-2).
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 25 Temperature-Programmed Desorption (TPD) 3.2.5.1 NO x -TPD coupled to MS The catalyst (50 mg) was outgassed at 450 °C under O 2 /Ar flow for 30 min to clean the surface and then cooled down to 350 °C . NO and NO 2 adsorptions in the catalyst were separately performed in a U-shaped quartz reactor by the exposure in 400 ppm NO/9% O 2 /Ar and 400 ppm NO 2 /9% O 2 /Ar for 1 h. After that, the sample was kept at 80 °C in pure Ar flow for 1 h for proper degassing. The desorption profiles of NO x and O 2 were obtained by heating the sample from 80 to 550 °C at 10 °C /min in Ar flow (100 ml/min). The concentrations of desorption species were calculated by the m/z = 30 (NO), 32 (O 2 ) and 46 (NO 2 ) on a mass spectrometer (MS) (Figure 3-2).

  The catalyzed and non-catalyzed oxidation activities of soot samples were studied by temperature program oxidation (TPO) tests under different reaction gases: 9% b.v. O 2 /Ar, 400 ppmv NO + 9% b.v. O 2 in Ar, 400 ppmv NO 2 + 9% b.v. O 2 in Ar. It is well Chapter III. Materials and experimental methods known that one of important functions of Diesel oxidation catalyst (DOC) placed the up-stream of DPF is to convert NO into NO 2 and assist the DPF passive regeneration.

  CO and X CO2 : molar fractions of CO and CO 2 in ppmv, D: flow rate (15 Nl/h), V M : molar volume (22.4 L/mol), m soot,ini and m cat. : initial quality of soot (0.002 g) and mass of catalyst (0.02 g).
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 31 Figure 3-1. The physical profile of TPO equipment.

Figure 3 - 2 .

 32 Figure 3-2. The physical profiles of exhaust gas detectors.

Figure 4 -

 4 Figure 4-1 shows in situ DRIFTS of CM after the adsorption of NO, the strong NO x storage capacity can be seen here. According to the literature [100,105,112,125], the bands of monodentate nitrates appear at 1040, 1237, 1290, 1440 and 1510 cm -1 and those of bidentate nitrates can be seen at 1040, 1270, 1310, 1540 and 1580 cm -1 . And ionic nitrates (1030, 1280, 1380 cm -1 ), chelating nitrites (1205 cm -1 ), nitro compounds (1410 cm -1 ) and a N 2 O 4 compound (1750 cm -1 ) are also observed in Figure 4-1. It can

Figure 4 - 1 .

 41 Figure 4-1. In situ DRIFTS of CM exposed to 600 ppm NO/10% O 2 /N 2 at different temperatures.

  8 eV); the lattice oxygen at 529.1 eV (O 2-) and surface adsorbed oxygen at 531.6 eV () can be also observed in O 1s XPS spectra. The in situ DRIFTS tests confirm the formation of surface nitrates and nitrites on the catalyst during NO adsorption (Figure4-1). Based on the mechanisms for nitrites/nitrates formation[START_REF] Atribak | Effect of NO x adsorption/desorption over ceria-zirconia catalysts on the catalytic combustion of model soot[END_REF][START_REF] Martí Nez-Arias | NO reaction at surface oxygen vacancies generated in cerium oxide[END_REF][START_REF] Gil | Basic sites in zeolites followed by IR studies of NO +[END_REF], the adsorption of NO and NO x storage in ceria leads to a change in surface element states. For example, some bidentate nitrites formed on ceria can be oxidized by the activated O* surface species (Ce 4+ -O*) into nitrates, this thereby makes Ce 4+ transfer to Ce 3+[START_REF] Martí Nez-Arias | NO reaction at surface oxygen vacancies generated in cerium oxide[END_REF]. Thus, NO adsorption on CM surface should arouse the changes in the relative content of surface element components. As shown in Table4-1, after NO adsorption, the relative content of surface Ce visibly decreases from 29.5 to 27.9%, but Ce 3+ /Ce has no a change. A slight decrease in surface Mn content can be observed. The results are also confirmed in UV-vis DR spectra (Figure4-3) in view of the decrease of UV adsorbance intensity at ~302 nm (O 2-→Ce 4+ electronic transition) and ~605 nm (electronic transition in MnO x )
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 42 Figure 4-2. XPS spectra of CM-NO (a) and CM (b).
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 43 Figure 4-3. UV-vis RD spectra of CM and CM-NO.

Figure 4 - 4 .

 44 Figure 4-4. XRD pattern of MnO x -CeO 2 mixed oxides.

  Firstly, the NO molecules absorbed on active sites (Ce 4+ -O*) are oxidized into NO 2 and then stored at the form of nitrites, and those absorbed in the vacancies (Ce 3+ -□) form transient species (NO -) by the electron transfer process and then are oxidized by CeO 2 /MnO 2 to nitrites[START_REF] Atribak | Effect of NO x adsorption/desorption over ceria-zirconia catalysts on the catalytic combustion of model soot[END_REF][START_REF] Setiabudi | CeO 2 catalysed soot oxidation The role of active oxygen to accelerate the oxidation conversition[END_REF]. The formation of many nitrates (Figure4-1) on CM should be the oxidation of these nitrites by active oxygen (O*). It has been confirmed that MnO x -CeO 2 mixed oxides show fluorite-like structure and decreased lattice constant (0.5392 nm) compared to pure CeO 2 (0.5418 nm) (Figure4-4)[START_REF] Zhang | Activity and thermal stability of Pt/Ce 0[END_REF][START_REF] Zhang | Effect of Y on improving the thermal stability of MnO x -CeO 2 catalysts for diesel soot oxidation[END_REF]. Furthermore, their lower wavenumber of F 2g model (455 cm -1 ) than that of pure CeO 2 (463 cm -1 ) illustrates the formation of Mn-Ce solid solution (see Figure4-3)[START_REF] Zhang | Effect of Y on improving the thermal stability of MnO x -CeO 2 catalysts for diesel soot oxidation[END_REF]. In fact, on the surface of Mn-Ce solid solution, Ce-O and Mn-O adjacent sites are present. Thus, the labile oxygen in MnO x phase can take part in the transformations of Ce 4+ -NO -to Ce 4+ -NO 2 -and Ce 4+ -NO 2 -to
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 45 Figure 4-5. Raman spectra of CM and CM-NO. A OV : area of the bands at 600 and 644 cm -1 , A F2g : area of F 2g band.

Figure 4 - 6 .

 46 Figure 4-6. (a) NO-and (b) NO 2 -TPD profiles of CM-NO sample in N 2 and 10% O 2 /N 2 .
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  °C/min under pure Ar flow. It can be observed in Figure 4-7 that NO-adsorbed CM shows a stronger NO desorption (> 200 ppm) and a smaller NO 2 emission (< 20 ppm) during TPD experiment. This illustrates that NO is the main product in the decomposition of NO x -adsorbed species. It has to be noted that the O 2 desorption Chapter IV. MnO x -CeO 2 mixed oxides as the catalyst for NO-assisted soot oxidation: The key role of NO adsorption/desorption on catalytic activity profile of CM-NO shows a much lager amount of O 2 during NO desorption. However, for the blank sample (CM), there is no apparent O 2 desorption (< 20 ppm). The results indicate that the NO adsorption/desorption enhances the yield of oxygen species in the CM catalyst and further confirm that nitrates decomposition follows Eq. (21). Based on the literature [112], the decomposition of nitrates would lead to the production of cerium peroxides and super-oxides (Ce-O 2 -), the emission of partial O 2 should be attributed to their decomposition.
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 47 Figure 4-7. Mass spectrometry of NO, NO 2 and O 2 emissions during TPD tests of CM (blank) and CM-NO. The sample was heated from 50 to 500 °C at 5 °C/min in pure Ar flow (100 ml/min).

  soot-TPR was conducted in pure Ar flow based on carbon-catalyst redox reactions. As shown in Figure4-8, it can be seen that the TPR profiles (CO x ) show some continuous reduction peaks. According to the publications[START_REF] Porsin | A low-temperature method for measuring oxygen storage capacity of ceria-containing oxides[END_REF][START_REF] Wei | The catalysts of three-dimensionally ordered macroporous Ce 1-x Zr x O 2 -supported gold nanoparticles for soot combustion: The metal-support interaction[END_REF], the peak at about 200 °C should be ascribed to the reduction of the outer layer and that at 250-600 °C might be assigned to the reduction of the second outer layer. By comparison, CM-NO shows larger soot consumption and decreased reduction temperatures. This illustrates that the NO adsorption/desorption enhances the redox property of CM. As revealed in the previous results, NO adsorption arouses the changes in Ce/Mn valence states and increases the oxygen vacancies, which would improve oxygen storage capacity and Chapter IV. MnO x -CeO 2 mixed oxides as the catalyst for NO-assisted soot oxidation:The key role of NO adsorption/desorption on catalytic activity mobility of oxygen in CM. Besides, NO desorption greatly promotes the generation of surface oxygen species. These should play a crucial role on promoting the redox property of CM.
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 4849 Figure 4-8. Soot-TPR results of CM (dash line) and CM-NO (solid line) with NO and O 2 emissions. The mass of soot-catalyst mixture was 30 mg, the sample was heated from 80 to 650 °C at a ramp rate of 5 °C/min in pure Ar flow (100 ml/min).

Figure 4 -

 4 Figure 4-10. NO oxidation to NO 2 over CM catalyst in 600 ppm NO/10% O 2 . 50 mg catalyst and 5 mg soot were used here, the flow rate of 600 ppm NO/10% O 2 /N 2 was 500 ml/min, heating rate was 10 °C/min.
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 4504 Figure 4-11. Soot oxidation activities of CM and CM-NO in 10% O 2 /N 2 . The mass of soot-catalyst mixture was 20 mg, 80 mg SiC powder was used for dilution. The flow rate of reaction gas was 500 ml/min, heating rate was 10 °C/min.

Figure 4 -

 4 Figure 4-13. The profiles of isothermal reactions at 400 °C. The masses of soot and catalyst were 2.0 mg and 20 mg, respectively, 80 mg SiC was used for dilution, flow rate was 15 Nl/h.

  MnO x -CeO 2 mixed oxides were used as catalyst in order to investigate the catalytic oxidation of the different soot samples. The originality of this work indeed the use of Biodiesel surrogates in a burner and the comparison of the structure and reactivity of the soots generated to the soot obtained in an engine bench. All the materials have been also compared to a Printex-U carbon black. The structural features of the soot samples were characterized by laser granulometry, high-resolution transmission electron microscopy (HR-TEM), XRD and Raman spectroscopy. Their catalytic and non-catalytic oxidation were assessed by means of temperature-programmed oxidation (TPO) analysis under typical DPF regeneration conditions. A correlation

- 1 .

 1 It can be visibly seen that the different soot samples show different size distribution profiles. Among the two types of real soot produced in a real Diesel engine, R1 presents a wide particle size distribution (0.1-15 µm), with two peaks separately centered at about 1.5 µm and 8.0 µm. The particle sizes of R2 aggregates are mainly distributed in 0.3-20 µm, the diameters of a majority of particles are close to around 2.6 µm. It is also noted that R1 has more small-size particles (< 1.0 µm) than R2 generated from neat Biodiesel. This may indicate that increasing Biodiesel content in Diesel fuels is favorable for the aggregation of soot particles. On the other hand, for the model soot M1 and M2 from the burner, they present a smaller particle-size distribution than real soot samples. M1 shows two continuous peaks centered at about 0.4 µm and 2.0 µm, respectively. Most of M2 particles are distributed in a narrow range of particle size (0.1-1 µm) with a lager distribution at around 0.4 µm. Another two smaller peaks of M2 appear at about 6 µm and 24 µm, respectively. In the previous Table 5-1, M2 soot was generated from the combustion of the fuel with more C 11 H 22 O 2 additive (30 mol%). This illustrates that the addition of C 11 H 22 O 2 affects the aggregation of soot particles. Finally, for DegussaPrintex U (M3) as a Diesel soot surrogate, it shows only one peak centered on the particles whose diameters are close to 8 µm. A lager percent of M3 particles present the largest particle size in comparison with others. In fact, fuel components are one of important factors that affect the particle size distribution. Different fuel compositions would evoke a great difference in soot formation pathways. It was reported that adding the oxygenate compounds into Diesel can lead to the production of more radical species (-O and -OH) during soot formation[START_REF] Seong | Studies of soot oxidative reactivity using a diffusion flame burner[END_REF]. These species as the core structure of soot impact the growth and aggregate of carbon particles. In the present work, M2 shows more small-diameter particles (0.4 µm) than M1, which may be due to an increase in the percentage of Biodiesel surrogate[START_REF] Abboud | Impacts of oxygenated compounds concentration on sooting propensities and soot oxidative reactivity: Application to Diesel and Biodiesel surrogates[END_REF]. Most of Diesel soot M3 particles show larger sizes than the other soot samples generated from Biodiesel and Biodiesel surrogates. This illustrates that the combustion of Biodiesel surrogates is beneficial to the formation of smaller soot particles aggregates[START_REF] Abboud | Impacts of oxygenated compounds concentration on sooting propensities and soot oxidative reactivity: Application to Diesel and Biodiesel surrogates[END_REF].
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 51 Figure 5-1. Particle size distribution of real and model soot samples.
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 52 Figure 5-2. HRTEM images of real and model soot samples.
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 53 Figure 5-3. Carbon fringe length distributions of real and model soot samples.
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 5 Figure 5-4a that most of M1 soot particles show smaller sizes (13-19 nm) and the nano-particle sizes of M2 and M3 apparently shift towards higher values (17-25 nm and 23-27 nm, respectively). Thus the mean nano-particle size of model soot follows the order: M1 (17.94 nm) < M2 (19.67 nm) < M3 (25.44 nm).
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 54 Figure 5-4. Nano-particles sizes of real and model soot samples. (a) particles size distribution and (b) mean nanoparticle size.

Figure 5 -

 5 Figure5-5 shows the XRD patterns of real and model soot samples. All the soot samples display the diffraction peaks of graphite-like structure. The bands can be identified in 002, 100, 004 and 110 positions[START_REF] Lapuerta | Effect of fuel on the soot nanostructure and consequences on loading and regeneration of diesel particulate filter[END_REF]. Table5-2 lists the diffraction angle of the band 002 and fringe dimensions of the soot samples. It can be observed that the diffraction angle 2θ 002 of these samples exhibits a lower value (around 25°)

( 14 Å

 14 ) than the others(16-17 Å), this reveals their lower degree of graphitization. M3 soot presents the largest crystallite size and the highest diffraction intensity in Figure5-5, the result indicates that M3 sample shows the highest degree of graphitization among all the samples. Besides, the crystallite lengths of soot samples were calculated by the band 100, the result shows that R1, R2 and M2 soot samples have a similar and larger crystallite length (37-38 Å) compared with that of M1 (30 Å) and M3 (23 Å).
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 55 Figure 5-5. XRD patterns of real and model soot samples.
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 5 Figure5-6 shows the Raman spectrum of real soot R1 and the result is analyzed by a curve fitting method (as an example of a typical Raman spectra obtained for these materials). The other samples show similar Raman curves (no shown). It can be observed that the Raman spectrum of R1 consists of four Lorentzian-shaped bands (G', D1, D2, D4) at around 1587, 1342, 1620 and 1232 cm -1 , respectively, and a Gaussian-shaped band D3 at around 1512 cm -1[START_REF] Abboud | Impacts of oxygenated compounds concentration on sooting propensities and soot oxidative reactivity: Application to Diesel and Biodiesel surrogates[END_REF][START_REF] Sadezky | Raman microspectroscopy of soot and related carbonaceous materials: spectral analysis and structural information[END_REF]. The G band should be assigned to an ideal graphitic structure and the entire D band (including D1, D2, D3 and D4) is ascribed to the defective structure of carbon[START_REF] Abboud | Impacts of oxygenated compounds concentration on sooting propensities and soot oxidative reactivity: Application to Diesel and Biodiesel surrogates[END_REF]. D1 band with the largest intensity implies the presence of disordered graphitic carbon and D3 band represents the amorphous carbon. In Raman spectra, the structural defects in carbonaceous materials depend on the intensity ratio of D and G bands (I D /I G ). It has been reported
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 56 Figure 5-6. Analysis of the Raman spectra and curve fit of real soot R1.

  soot samples have different distributions of carbon fringe lengths as well as different crystallite sizes. Sadezky et al. proposed that the measurement of Raman parameters as distinguishing structural features may be limited by the heterogeneity of carbon materials [171]. Therefore, the structural features of soot are not only determined by Raman results. For the three model soot samples, although M3 exhibits the lowest D-band intensity, it has the largest I D /I G ratio (1.03). M1 shows a slightly lower D-band intensity and also smaller I D /I G ratio (0.89) in comparison with M2 (0.93). Chapter V. Structure-reactivity study of model and Biodiesel soot in model DPF regeneration conditions 65
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 2541157 Figure 5-7 and Table 5-4 illustrate the oxidative performances of the different soot samples under 9% O 2 /Ar. It can be observed in Figure 5-7a that the oxidation reactions of all the soot samples occur at more than 450 °C and M3 shows the largest soot oxidation rate at peak temperature (T m ). As shown in Table 5-4, for the real soot

Figure 5 - 7 .

 57 Figure 5-7. TPO profiles under 9% b.v. O 2 of different soot samples. (a) soot oxidative reactivity; (b) CO production; (c) CO 2 selectivity. Initial quality of soot was 0.002 g, 80 mg SiC powder was used for dilution, heating rate was 10 °C/min, total flow rate was 15 Nl/h.
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  Which is the CO 2 selectivity at T m . samples that were prepared in a real engine, R2 has lower T i and T m values and thus shows better oxidative reactivity than R1. The reactivities of model soot samples Chapter V. Structure-reactivity study of model and Biodiesel soot in model DPF regeneration conditions follow the order: M1 > M2 > M3. Figure 5-7b displays the production of CO during soot combustion. It is noted that the real soot R1 and R2 have lower CO emissions than model soot and thereby show a relatively higher CO 2 selectivity (Figure 5-7c). In the real soot samples R2 exhibits higher CO 2 selectivity compared to R1. A slight lower CO 2 selectivity than M1 can be found in M2. M3 shows the highest CO 2 selectivity among model soot, but it has a more serious CO emission. Moreover, by comparison, with the increase of soot oxidation rate (500-670 °C), the model soot shows a decreased CO 2 selectivity and the real soot shows a relatively stable result.
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 58 Figure 5-8. TPO profiles under 400 ppmv NO 2 + 9% b.v. O 2 of different soot samples. (a) soot oxidative reactivity; (b) CO 2 selectivity.

Figure 5 - 9 .

 59 Figure 5-9. TPO profiles under 400/1000 ppmv NO 2 + 9% b.v. O 2 of R1 and M2 samples. The inset presents the T i values of TPO profiles.
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 254215 Figure 5-10. TPO profiles under 9% b.v. O 2 of different soot samples with the catalyst. 2.0 mg soot and 20.0 mg catalyst were mixed by loose contact.

Figure 5 -

 5 Figure 5-10 and Table 5-5 summarize the results of the catalytic oxidation of the different real and model soot samples under O 2 . All of them show high CO 2

Figure 5 -

 5 Figure 5-11. TPO profiles of different soot samples with the catalyst under 400 ppmv NO + 9% b.v. O 2 . 2.0 mg soot and 20.0 mg catalyst were mixed by loose contact.

Figure 5 -

 5 Figure 5-11 presents the TPO profiles of real and model soot under 400 ppmv NO + 9% b.v. O 2 . It can be seen that the oxidation of all soot samples occurs within a wider temperature window (200-700 °C) and all the TPO profiles shift towards lower

Figure 5 -

 5 Figure 5-12. TPO profiles of different soot samples with the catalyst under 400 ppmv NO 2 + 9% b.v. O 2 . 2.0 mg soot and 20.0 mg catalyst (S/C = 1/10) were mixed by loose contact.

Figure 5 -

 5 Figure 5-12 and Table 5-5 show the catalytic oxidation activities of real and model soot samples under 400 ppmv NO 2 + 9% b.v. O 2 . The T m values of all soot samples

Figure 5 -

 5 Figure 5-13. T i versus T m for catalytic oxidation of soot.

Figure 5 -

 5 Figure 5-14. Ar-TPD results of the samples separately pretreated in 400 ppm NO/9% O 2 /Ar (solid line), 400 ppm NO 2 /9% O 2 /Ar (dash line) and 9% O 2 /Ar (red line) at 350 °C.
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 515 Figure 5-15. Catalytic activities of different soot particles in 9 b.v.% O 2 under tight contact (a) and pressure contact (b).

Figure 5 - 16 .

 516 Figure 5-16. Catalytic activities of real soot R1 and R2 in NO + O 2 (a) and NO 2 + O 2 (b) under tight/pressure contact.

Figure 5 - 17 . 17 and Table 5 - 6 .

 5171756 Figure 5-17. Ignition temperature (T i ) of different soot samples under tight, pressure and loose contact conditions.
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 5 Figure 5-15a illustrates the catalytic activities of different soot samples under tight contact in 9% O 2 . It can be seen that soot oxidation temperatures of all the samples shift to much lower values and the peaks in TPO curves become narrower compared to those under loose contact, showing higher oxidation rate and reactivity. For real soot, R2 exhibits slightly lower ignition temperature (T i = 209 °C) than R1 (T i = 216 °C), but they have a similar peak temperature (T m ). Thus the oxidative reactivity of real soot should be similar. For model soot, the reactivity follows the order of T m : M1 (355 °C) > M2 (378 °C) > M3 (388 °C), this result agrees well with their nano-structural properties. Figure 5-15b shows the reactivity results under pressure contact in 9% O 2 . The oxidation reactions of all the soot samples present a wider temperature window (200-700 °C) and a lower reaction rate. These TPO curves seem to be a superposition of tight-TPO and loose-TPO. It is observed that real soot shows better reactivity at around 400 °C but poorer reactivity at high temperatures (> 500 °C)
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 5 Figure 5-16 shows the catalytic activities of real soot samples under tight and pressure modes in NO x + O 2 . It can be observed that the TPO profiles is similar with those in O 2 (Figure 5-15). In the previous results under loose contact, it has been confirmed

Figure 5 -

 5 Figure 5-18 presents the correlation of the reactivity of real and model soot with the structural features. The mean values of nanoparticle sizes, crystallite sizes and particles aggregate sizes were obtained by HRTEM, XRD and laser granulometry, respectively, and the relationship between these dimensions and the reactivity are summarized in Figure 5-18a. In the case of real soot, R2 soot generated from the combustion of neat Biofuel (methyl ester) shows lower mean crystallite and nanoparticle sizes (14 Å and 18.97 nm) than R1 soot (16 Å and 20.92 nm) from the combustion of a fuel blend (7% methyl ester). It is also observed that R2 has higher oxidation reactivity than R1 both with and without catalyst under only O 2 or NO + O 2 .
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 518 Figure 5-18. Correlation of the non-catalytic and catalytic reactivities of real and model soot with the structural parameters including mean nanoparticle size (a), mean crystallite size (a), mean soot aggregate size (a), mean carbon fringe length (b) and I D /I G ratio (b).
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 5 Figure 5-18b presents the correlation of oxidation reactivity with mean carbon fringe length and I D /I G . It has been reported that smaller fringe length of the ordered carbon
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 61 Figure 6-1. Soot conversion in TPO under 9% b.v. O 2 /Ar at a heating rate of 10 °C/min.
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 3 For Printex U soot (Figure6-3a), the soot oxidation temperatures for the second TPO curve visibly shift to lower values relative to the first TPO, which reveals a promoting role of the activation step on soot oxidation. For B7 and B100 samples (Figure6-3b, c), it can be clearly observed that the second TPO profile presents a decreased low-temperature reactivity (< 600 °C) compared with the first TPO. These results above are in good agreement with those presented in Figure6-2.
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 63 Figure 6-3. TPO results of raw Printex U (a), B7 (b) and B100 (c) samples. Conditions: soot mass is 2.0 mg, SiC mass is 80 mg, without catalyst, the flow rate is 250 ml/min, heating rate is 10 °C/min.
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 64 Figure 6-4. Catalytic reactivities of Printex U (a), B7 (b) and B100 (c) samples under 400 ppm NO + 9% O 2 /Ar. Reaction conditions: soot mass is 2.0 mg, catalyst mass is 20.0 mg, 80 mg SiC was used for dilution, the flow rate is 250 ml/min, heating rate is 10 °C/min.
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 65 Figure 6-5. Isothermal catalytic reaction at 350 °C in 9% O 2 /Ar (a, c, e) and 400 ppm NO + 9% O 2 /Ar (b, d, f). Conditions: 2 mg soot and 20.0 mg catalyst, loose contact, 80 mg SiC pellets were used for dilution.
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 65 Figure 6-5 and Table6-2 illustrate the catalytic reaction rates of raw and activated soot samples under isothermal conditions. As shown in Figure6-5a and Figure6-5b, the catalytic reaction rates of raw and activated Printex U samples follow the order Printex U-600 > Printex U-500 > Printex U at 350 °C in both O 2 and NO + O 2 . This, as same as the previous TPO results, reveals that the activated Printex U shows higher reactivity. Especially in the presence of NO, the increase in reaction rate of the

  low-temperature catalytic reactivity in both O 2 and NO + O 2 mixture. The results in isothermal reactions under O 2 (Figure 6-5c, e) are in agreement with this point, but those in NO + O 2 (Figure 6-5d, f) exhibit the contrary. The fact illustrates that under isothermal conditions the presence of NO is more favorable for the catalytic oxidation of activated Biodiesel soot. Chapter VI. Structure, surface and reactivity of activated carbon: From model soot to Bio Diesel soot 94 Moreover, it can be noted that for the isothermal reactions in only O 2 the final reaction rates sharply decline relative to the initial reaction rates, but the addition of NO into O 2 apparently inhibits the decrease of reaction rates and makes the final reaction rates remain higher values. The result would be attributed to the following reasons: (1) MnO x -CeO 2 mixed oxides have higher catalytic oxidation activity of NO into NO 2 [105,210,160], the produced NO 2 with stronger oxidizing ability than O 2 can promote the soot oxidation rate; (2) the production of NO 2 on MnO x -CeO 2 catalyst would lead to a C + NO 2 + O 2 cooperative reaction [105,126]; (3) it was confirmed that NO adsorption/desorption on MnO x -CeO 2 enhances the production of active oxygen in the oxides [160].
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 666768 Figure 6-6. Isothermal catalytic reactions of Printex U soot samples that were partially oxidized with the TPO from 25 to 500 °C in O 2 , NO + O 2 and NO 2 + O 2 , respectively, at 350 °C in NO + O 2 .
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 67 Figure 6-7. Particles aggregates size distribution of Printex U (a), B100 (b) and B7 (c) samples.
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 68 Figure 6-8. Mean size of particles aggregates of different soot samples.

Figure 6 - 9 .

 69 Figure 6-9. Raman spectra of raw and partially oxidized Printex U (a), B7 (b) and B100 (c) samples.
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 610 Figure 6-10. Analysis of the Raman spectra and curve fits of raw Printex U (a), Printex U-500 (b) and Printex U-600 (c).

Figure 6 -

 6 Figure 6-10 clearly illustrates the Raman spectrum of soot consists of four Lorentzian-shaped bands (G, D1, D2, D4) at around 1580, 1350, 1620 and 1200 cm -1 ,

  exhibit an increased spectroscopic parameters including D and G band FWHM, I D /I G and A D /A G . This result illustrates that the activated soot has higher disorder and more structural defects. Among these parameters, D1 band FWHM and A D1 /A G values of the activated soot samples increase with the activation, but their I D1 /I G values are very similar with that of raw soot. Here D1 FWHM should be more important parameter for analyzing carbon structure. The relative intensity of D3 band (I D3 /I G ) is associated with amorphous carbon or molecular carbon. The increase of I D3 /I G value of the oxidized soot samples indicates an increase in molecular carbon. However, by comparison, the two oxidized Printex U samples (Printex U-500 and -600) show similar spectroscopic parameters, which seems to imply their similar structural features.
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 6 Figure 6-11. HRTEM images of Printex U (a, b), Printex U-500 (c) and Printex U-600 (d).

Figure 6 -

 6 Figure 6-12. HRTEM images of B100 (a, b), B100-500 (c) and B100-600 (d).

Figure 6 -

 6 Figure 6-11c and d (11.5 nm for Printex U-500 and 7.3 nm for Printex U-600). The result illustrates that the partial oxidation of Printex U decreases the degree of graphitization and Printex U-600 exhibits more apparent result. Besides, in

Figure 6 -

 6 Figure 6-13. Nanoparticles size distribution of soot samples.
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 6 Figure 6-14 presents the XP spectra of the raw Printex U and B100 samples in the C1s and O 1s energy regions, and those of the activated soot samples are shown in Figure 6-15 and Figure 6-16. It can be clearly seen in C 1s XPS that these soot samples mainly consist of graphene, aliphatic carbon and molecular carbon (R-OH, C-O-C, -COOH, -C(O)-O-C, -C=O, etc.)[START_REF] Valero-Romero | Role of surface phosphorus complexes on the oxidation of porous carbons[END_REF][START_REF] Schobing | Impact of biodiesel impurities on carbon oxidation in passive regeneration conditions: Influence of the alkali metals[END_REF]. These molecular carbon species are also
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 6 Figure 6-14. XP spectra of C1s, O1s of the raw Printex U and B100 samples.

Figure 6 - 107 Figure 6 -

 61076 Figure 6-15. XP spectra of C1s, O1s of the activated Printex U samples.
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 6 Figure 6-18. Correlation of the noncatalytic and catalytic reactivities of Printex U and B100 with Raman parameters including D1 band FWHM and I D3 /I G .
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 619 Figure 6-19. Correlation of the noncatalytic and catalytic reactivities of Printex U and B100 with surface oxygen and graphene contents obtained by XPS.

Printex U model and 7 .

 7 real Biodiesel soot samples through a series of characterizations and TPO measurements. Laser granulometry and BET separately revealed increased particles aggregates size and surface area of the activated soot samples. Raman results confirmed an increased disorder of the activated Printex U soot but could not clearly illustrate the changes in nanostructure of the activated Biodiesel soot. HRTEM showed different morphology of activated soot and different oxidation routes between Printex U and Biodiesel soot. XPS confirmed that the activation of soot increased surface oxygen content and decreased graphene carbon. DRIFTS indicated that the activated Printex U had a visible increase in surface functional groups, while this could not be observed in B100. TPO gave an evidence that the activated Printex U exhibited more apparent promotion on the reactivity than the activated Biodiesel soot. Furthermore, the activated Printex U displayed closer correlation of the reactivity to nanostructure and surface than real Biodiesel soot.Chapter VII. Effect of Biodiesel impurities (K, Na, P) on noncatalytic and catalytic activities of soot in model DPF regeneration conditions Effect of Biodiesel impurities (K, Na,

Figure 7 - 1 .

 71 Figure 7-1. TPO profiles of the doped B7 soot samples under 9% b.v. O 2 /Ar + 5% H 2 O. (a) K/Na-doped samples; (b) P-doped samples.

Figure 7 -

 7 Figure 7-1 shows the TPO profiles of the B7 soot samples doped by K, Na and P with

7. 3 . 1 . 2 2 OFigure 7 - 2 .

 312272 Figure 7-2. TPO profiles of the doped soot samples under 400 ppm NO 2 + 9% b.v. O 2 /Ar + 5% H 2 O.

Figure 7 -

 7 Figure 7-2 shows the TPO profiles of the doped soot samples under 400 ppm NO 2 + 9% b.v. O 2 /Ar + 5% H 2 O. The results seem to be similar with Figure 7-1. It was also

Figure 7 - 3 .

 73 Figure 7-3. Temperature at which 5% of conversion (T 5% ) (a) and 50% of conversion (T 50% ) (b) of the 1 wt% doped soot samples.

Figure 7 - 4 .Figure 7 -Figure 7 -

 7477 Figure 7-4. TPO profiles of the doped soot samples with catalyst under 9% b.v. O 2 /Ar + 5% H 2 O. (a) K/Na-doped samples; (b) P-doped samples.

7. 3 . 2 . 2 2 OFigure 7 - 5 .

 322275 Figure 7-5. TPO profiles of the doped soot samples with catalyst under 400 ppm NO + 9% b.v. O 2 /Ar + 5% H 2 O. (a) Na-doped samples; (b) K-doped samples; (c) P-doped samples.

Figure 7 -

 7 Figure 7-5 presents the TPO profiles of the doped soot samples with catalyst under 400 ppm NO + 9% b.v. O 2 /Ar + 5% H 2 O. It was found that the soot oxidation reactions of all samples take place within a wider temperature window (200-700 °C)

7. 3 . 2 . 3 2 OFigure 7 - 6 .

 323276 Figure 7-6. TPO profiles of the doped soot samples with catalyst under 400 ppm NO 2 + 9% b.v. O 2 /Ar + 5% H 2 O.

Figure 7 - 7 .

 77 Figure 7-7. Temperature at which 5% of conversion (T 5% ) (a) and 50% of conversion (T 50% ) (b) of the 1 wt% doped soot samples.

Figure 7 -

 7 Figure 7-7 presents T 5% and T 50% values of soot conversion profiles under different reaction gases. By comparison, the presence of NO x (NO and NO 2 ) visibly enhances

Figure 7 - 8 .

 78 Figure 7-8. Analysis of the Raman spectra and curve fits of 350B7 sample.

Figure 7 -

 7 Figure 7-8 as an example shows the Raman spectra of 350B7 sample, and the Raman results of other samples are not shown here because their Raman curves are similar. Itcan be observed that there are two overlapping peaks, which appear at around 1350 cm -1 (D peak) and 1580 cm -1 (G peak), respectively[START_REF] Abboud | Impacts of oxygenated compounds concentration on sooting propensities and soot oxidative reactivity: Application to Diesel and Biodiesel surrogates[END_REF][START_REF] Sadezky | Raman microspectroscopy of soot and related carbonaceous materials: spectral analysis and structural information[END_REF][START_REF] Knauer | Soot structure and reactivity analysis by Raman microspectroscopy, Temperature-Programmed Oxidation and High-resolution transmission electron microscopy[END_REF]. The D peak, which includes D1, D2, D3 and D4 bands, is generally associated with the defective structure of carbon and the G peak should be assigned to highly ordered graphitic structure. It was reported that D1 band at around 1350 cm -1 is related to the disordered graphitic lattice and D3 band at around 1500 cm -1 can provide some information about chemical structure of graphite-like and amorphous carbon, thus D1 FWHM (full width at half maximum) and relative intensity of D3 are considered to be important

FWHM, I

 I D1 /I G and I D3 /I G values compared to 350B7 sample. However, their D1 band FWHM values decrease visibly, this may indicate an increased order in graphitic lattice. The 1% P-doped sample shows an apparent decrease in A D3 /A G from 0.42 to 0.33, which illustrates the decrease of structural defects in graphene layers. While the A D3 /A G of 0.5% P-doped sample has no obvious change. In short, the Raman reuslts indicate that the introduction of P into soot causes a decreased trend of structural defects in carbonaceous materials.

Figure 7 - 9 .

 79 Figure 7-9. HRTEM images of different soot samples.

Figure 7 -

 7 Figure 7-10. XP spectra of C1s, O1s of 350B7 soot sample.

Figure 7 -

 7 Figure 7-11. XP spectra of C1s, O1s, Na1s of 1% Na/B7 soot sample.

Figure 7 -

 7 Figure 7-12. XP spectra of C1s, O1s, P2p of 1% P/B7 soot sample.

the chapter 4 ,

 4 the experiment studied the role of NO adsorption/desorption on soot oxidation activity of MnO x -CeO 2 catalyst under NO + O 2 mixture. The physical-chemical properties of the NO-adsorbed MnO x -CeO 2 catalyst were characterized through DRIFTS, XPS, Raman spectroscopy, TPD with IR and MS, Soot-TPR coupled to MS. The catalytic activity of the catalyst was evaluated by TPO and isothermal reaction. DRIFTS results confirmed that NO x were stored in the forms of nitrites, nitrates, nitro compounds and N 2 O 4 . XPS and Raman results revealed that NO adsorption on the surface of the catalyst led to the change in the surface Ce/Mn states and the increase of oxygen vacancies, respectively. TPD experiments indicated that the decomposition of nitrates would lead to the production of a large amount of NO and super-oxides (Ce-O 2 -). TPR confirmed a key role of oxygen in NO-assisted soot oxidation reactions. The activity measurement also revealed that the adsorption/desorption of NO promoted the low-temperature soot oxidation activity.
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  Jeguirim et al.[START_REF] Jeguirim | Catalytic effect of platinum on the kinetics of carbon oxidation by NO 2 and O 2[END_REF] studied and compared the soot-NO 2 and soot-O 2 reactions over Pt/Al 2 O 3 catalyst, they found that the presence of Pt catalyst had no apparent influence on C-NO 2 and C-O 2 reactions. While Pt catalyst showed visible catalytic activity under NO 2 + O 2 mixture. The authors suggested that the NO generating from NO 2 reduction by soot could be reoxidized into NO 2 on the Pt catalyst and thus promote catalytic activity. They also proposed C + NO 2 + O 2 cooperative reaction and thought that the presence of Pt catalyst increased the rate of the cooperative reaction.Liu et al.[START_REF] Liu | Sulfation of Pt/Al 2 O 3 catalyst for soot oxidation: High utilization of NO 2 and oxidation of surface oxygenated complexes[END_REF] studied the impact of the sulfurization of Pt/Al 2 O 3 catalyst on its soot oxidation activity through doping a small amount of H 2 SO 4 into Pt/Al 2 O 3 catalyst.

3.1 List of materials 3.1.1 Materials for soot preparation

  

	Aref model fuel
	Methydecanoate (C 11 H 22 O 2 )
	Methyl ester (Biodiesel fuel)
	Standard Euro VI fuel (EN 590)
	Degussa Printex U soot

3.1.2 Materials for catalyst preparation

  

	Ce(NO 3 ) 3 •6H 2 O (solid, 95% pure)
	Mn(NO 3 ) 2 (liquid, 50 wt.%)
	Polyvinyl alcohol (PVA)
	Polyethylene glycol (PEG)
	NH 3 H 2 O
	(NH 4 ) 2 CO 3

Table 4 -

 4 

		Ce Mn	O	Ce 3+ Ce 3+ /Ce	Mn 4+ Mn 3+ Mn 2+	O ads	O latt
	CM	29.5 6.0 64.5	3.8	12.9	1.17	1.7	1.35	15.8	48.7
	CM-NO	27.9 5.8 66.3	3.6	12.9	0.56	2.0	1.21	21.8	44.5

1. XPS results of CM-NO and CM.

Catalyst Element (at.%) Ce (at.%) Mn (at.%) O (at.%)

Table 4 -

 4 MnO x -CeO 2 mixed oxides as the catalyst for NO-assisted soot oxidation:The key role of NO adsorption/desorption on catalytic activity Figure4-13 and Table4-2 illustrate the oxidation performances of soot under isothermal conditions at 400 °C. In the absence of the catalyst, the oxidation reactions of soot show lower reaction rate in both the presence and absence of NO 2 . It can be seen in Table4-2 that the oxidation rate under 10% O 2 and 400 ppm NO 2 is lower than that under 400 ppm NO 2 + 10% O 2 and only 400 ppm NO 2 in reaction gas cannot show a high soot oxidation rate. This fact indicates a cooperative oxidation reaction of NO 2 and O 2 . Generally, the chemisorption of O 2 on the surface of soot leads to the formation of -C(O) complexes (Eq. (

	Reaction conditions	Initial soot oxidation activity (µmol soot /s/g ini )	Final soot oxidation acitivity (µmol soot /s/g ini )
	Soot + 10% O 2	0.9658	0.4967
	Soot + 400 ppm NO 2	0.8146	0.6137
	Soot + 400 ppm NO 2 + 10% O 2	1.8788	1.0791
	Soot + 10% O 2 + CM-NO	3.9335	1.4943
	Soot + 400 ppm NO + 10% O 2 + CM	12.950	12.355
	Soot + 10% O 2 + CM	3.7050	1.1089

2. The results of isothermal reactions at 400 °C.

  IV. MnO x -CeO 2 mixed oxides as the catalyst for NO-assisted soot oxidation:The key role of NO adsorption/desorption on catalytic activity

	promoting soot oxidation rate for C + O 2 and C + NO 2 + O 2 reactions. When adding 400 ppm NO into 10% O 2 , the catalytic reaction rate apparently increases to a higher value (12.355-12.950 µmol soot /s/g ini ). The result should be attributed not only to the adsorption/desorption of NO but to a cooperative oxidizing role of NO 2 and oxygen C + O* → -C(O) Eq. (24) -C(O) + O*/O 2 → CO + CO 2 Eq. (25) C + O 2 + O* + NO 2 → CO + CO 2 + NO + NO 2 Eq. (10) 4.5 Summary NO adsorption on Mn-Ce mixed oxides leads to the formation of various adsorbed species (especially nitrates), which arouses a visible change in chemical states of surface Ce and Mn ions and thereby increases the oxygen vacancies. More interesting, species (O Chapter 52 TPD-MS indicates that NO desorption effectively enhances the generation of surface

)). For the pretreated sample CM-NO, it shows larger soot oxidation rate than CM sample in 10% O 2 . In the previous sections, it has been proved that the adsorption/desorption of NO in the catalyst promotes the formation of oxygen vacancies and the desorption of active oxygen. This should be an important role on 2 /O*) (Eq. (

10

)).

oxygen species and NO is main product during nitrates decomposition. Soot-TPR-MS confirms that NO adsorption/desorption improves the availability of oxygen during soot-catalyst redox reactions. Isothermal experiments reveal that the adsorption/desorption of NO promotes soot oxidation rate, this is mainly ascribed to the role of active oxygen and a cooperative C + NO 2 + O 2 reaction.

  2 during continuous regeneration of DPF Chapter V. Structure-reactivity study of model and Biodiesel soot in model DPF regeneration conditions because of lower NO x emissions in modern engine combustion modes [82,158]. Ce-based catalysts have been paid special attention for the past few years as they can provide a mass of active oxygen species (O*) for low-temperature soot oxidation and as a result increase the availability of O 2 in exhaust gas [105,159]. CeO 2 mixed oxides are a relatively cheap and a convenient candidate for soot oxidation, they possess excellent oxygen storage capacity and redox ability and have shown to highly promote soot reactivity towards oxidation [100,105,118]. Moreover, it has been proved that MnO x -CeO 2 mixed oxides have high oxidation activity of NO into NO 2 and better NO x storage ability at low temperatures, which is favorable for the oxidizing role of NO 2

	C + NO 2 → CO x + NO	Eq. (1)
	C + O* → CO x	Eq. (2)
	MnO x -	

Table 5 -

 5 1. The preparation methods of model and real soot samples.

	Soot		Fuel composition	Soot preparation method
	Model soot	M1 M2 M3	Aref + 7 mol% C 11 H 22 O 2 Aref + 30 mol% C 11 H 22 O 2 --	Coflow diffusion flame burner [63] Coflow diffusion flame burner [63] Degussa
	Real	R1	7 vol.% methyl ester + EN 590	Diesel engine
	soot	R2	100 vol.% methyl ester	Diesel engine

In the present work, the model Biodiesel soot was prepared by the combustion of a model fuel. The Diesel surrogate Aref consists of 70 mol% of n-decane and 30 mol% of α-methylnaphthalene and is often used as a model fuel to simulate the combustion of commercial Diesel in Diesel engine

[START_REF] Lemaire | Experimental comparison of soot formation in turbulent flames of Diesel and surrogate Diesel fuels[END_REF][START_REF] Ramirez | Oxidation of commercial and surrogate bio-Diesel fuels (B30) in a jet-stirred reactor at elevated pressure: experimental and modeling kinetic study[END_REF]

. Two model Biodiesels were prepared by separately adding 7 mol% and 30 mol% methyldecanoate (C 11 H 22 O 2 ) into the model fuel Aref

  With the burner, two types of model soot were obtained, Chapter V. Structure-reactivity study of model and Biodiesel soot in model DPF regeneration conditions low loaded cycle operating at low temperatures, simulating very severe cold drive cycles. During this cycle, the average temperature of exhaust gases upstream the filter was around 160 °C. The real soot particles were obtained through the combustion of fuel with 7 vol% and 100 vol%, respectively, of methyl ester from rapeseed oil. The used fuel was a standard Euro VI fuel (EN 590). The obtained real soot samples were labeled as R1 and R2. Some information about soot preparation can be seen in Table 5-1.

	separately noted M1 and M2. A carbon black, Printex-U (Degussa), noted M3, was
	also considered in this study, since it has been often used frequently as Diesel soot
	surrogate. Real soot samples were provided by Volvo Group Trucks Technology. An

engine bench (8L Diesel engine) equipped with a Euro VI post-treatment system containing DOC and DPF was used for soot production. The system worked with a

Table 5 -

 5 2. Diffraction angle of the band 002 and crystallite dimensions of the soot samples.

	Soot	Diffraction angle 2θ 002 (°)	Crystallite thickness D (Å)	Crystallite length L (Å)
	R1	24.6	16	37
	R2	25.0	14	38
	M1	24.9	14	30
	M2	25.1	16	38
	M3	24.8	17	23

Table 5 -

 5 

	Soot	Relative intensity D G	Raman shift (cm -1 ) D G	I D /I G
	R1	1.53	1.61	1342	1587	0.95
	R2	1.52	1.61	1341	1585	0.95
	M1	1.81	2.03	1337	1586	0.89
	M2	1.89	2.03	1335	1586	0.93
	M3	1.44	1.40	1347	1580	1.03

3. Raman results of different soot samples.

Table 5 -

 5 4. TPO results in 9% b.v. O 2 and 400 ppmv NO 2 + 9% b.v. O 2 .

	Soot	T i /°C a	9% O 2 T m /°C b	S CO2 /% c	400 ppm NO 2 + 9% O 2 T i /°C a T m /°C b S CO2 /% c
	R1	523	670	56	503	667	51
	R2	505	656	69	477	654	65
	M1	503	650	49	497	648	35
	M2	515	658	47	515	664	35
	M3	535	673	64	531	669	50

a Ignition temperature at which CO x concentration reaches 100 ppm.

b 

The temperature of maximal soot oxidation rate.

Table 5 -

 5 

	Soot	T i /°C a	O 2	T m /°C b	NO + O 2 T i /°C a T m /°C b	NO 2 + O 2 T i /°C a T m /°C b
	R1	493		665	346	540	401	554
	R2	440		649	311	563	358	601
	M1	480		623	348	556	--	--
	M2	490		630	371	574	377	600
	M3	506		636	386	590	380	605
	a Ignition temperature at which CO x concentration reaches 100 ppm.	

5. TPO results in 9% b.v. O 2 , 400 ppmv NO + 9% b.v. O 2 and 400 ppmv NO 2 + 9% b.v. O 2 .

b The temperature of maximal soot oxidation rate.

Table 5 -

 5 5, after adding NO into O 2 , T i and T m values of all the soot samples greatly decrease to

	311-386 °C and 540-590 °C, respectively. This apparently shows the strong
	promoting role of NO during soot oxidation. Additionally, for real soot, it can be
	observed that R2 generated from neat Biodiesel has lower T i value and higher T m
	value than R1. At the sight of the results of the HRTEM, XRD and Raman
	characterization of these materials we concluded that R2 contains more amorphous
	and disordered carbon particles that are thereby more prompt to oxidation thus leading
	lower ignition temperature under NO + O 2 than for R1. However, thought R1
	possesses a higher degree of graphitization it shows lower T m value (540 °C) than R2

(563 °C)

, what illustrates that nano-structure of soot is just one of factors that impacts soot oxidation reactivity, but may not be the only one. For the model soot generated in the burner, their catalytic activity order is very similar to that observed in O 2 , M1

  with Pt/Al 2 O 3 catalyst effectively enhance the oxidation rate of soot. Schobing and Zhu et al.[START_REF] Schobing | Impact of Biodiesel impurities on carbon oxidation in passive regeneration conditions: Influence of the alkali metals[END_REF][START_REF] Zhu | Improving Ce 0.5 Zr 0.5 O 2 soot combustion catalyst by KNO 3 loading[END_REF] also reported the existence of C-NO 2 -O 2 cooperative reactions when the concentration of O 2 is excessive. In Mn-Ce catalyst system, an excess of active oxygen species (O cat.

	C + NO 2 + O 2 → CO 2 + NO	Eq. (4)
	C + NO 2 + O 2 → CO + NO 2	Eq. (5)
	C + O cat.	

*) generated from the catalyst would greatly promote the cooperative reactions, and the reaction may be written as Eq. (

6

)

[START_REF] Zhang | Effects of contact model and NO x on soot oxidation activity over Pt/MnO x -CeO 2 and the reaction mechanisms[END_REF]

. * + NO 2 + O 2 → CO + CO 2 + NO + NO 2

Table 5 -

 5 

	Reaction gas	R1 Tight/°C R2	R1 Pressure/°C R2	R1 Loose/°C R2
	O 2	216	209	321	323	493	440
	NO + O 2	215	205	321	290	346	311
	NO 2 + O 2	215	205	324	313	401	358

6. Ignition temperatures (T i ) of R1 and R2 under different contacts.

Table 5 -

 5 [START_REF] Dhariwal | Control of blowby emissions and lubricating oil consumption in I.C. engines[END_REF], this promoting role of NO/NO 2 cannot be seen in view of their similar T i values compared with that in O 2 . For the pressure mode, R1 exhibits a similar result in different reaction gases, but R2 presents a visible promotion in NO/NO 2 + O 2 . This may indicate that the oxidation of R2 is more easily promoted by NO/NO 2 than that of R1. Table5-6 also illustrates that the promoting role of NO/NO 2 would become weaker in a better contact and the reactivity under the three contact modes follows the order: tight > pressure > loose.

Table 6 -

 6 1. T i and T m values of TPOs with different soot samples.

	Samples	T i /°C	In O 2	T m /°C	In NO + O 2 T i /°C T m /°C
	Printex U	535 a /483 b 674 a /644 b	412 b	609 b
	Printex U-500	540/508	672/662	382	580
	Printex U-600	484/458	600/560	338	490
	B7	511/379	676/662	370	556
	B7-500	534/479	681/673	378	553
	B7-600	540/483	672/664	374	543
	B100	490/414	662/644	339	565
	B100-500	527/480	667/662	404	590
	B100-600	528/477	647/646	382	561

a The values were obtained without catalyst.

b The values were obtained with catalyst.

Table 6 -

 6 2. The results of isothermal reaction at 350 °C.

		9% O 2	400 ppm NO + 9% O 2
	Soot sample	Initial oxidation rate	Final oxidation rate	Initial oxidation rate	Final oxidation rate
		(µmol soot /s/g cat. )	(µmol soot /s/g cat. )	(µmol soot /s/g cat. )	(µmol soot /s/g cat. )
	Printex U	0.1791	0.0082	0.3291	0.3484
	Printex U-500	0.2156	0.0082	0.7614	0.5066
	Printex U-600	0.3922	0.0538	1.3092	1.3532
	B7	0.3928	0.0251	0.6409	0.3055
	B7-500	0.2011	0.0433	0.5450	0.3146
	B7-600	0.1524	0.0480	0.6774	0.4604
	B100	0.4612	0.0814	0.7631	0.3238
	B100-500	0.1492	0.0243	0.7312	0.4077
	B100-600	0.0884	0.0243	0.6855	0.5471

Table 6 -

 6 3 lists the values of surface area (S BET ), mean pore size (R) and pore volume (V p ) of raw and activated soot samples. Partial oxidation of raw soot significant Chapter VI. Structure, surface and reactivity of activated carbon: From model soot to Bio Diesel soot
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Table 6 -

 6 3. Textual properties of raw and activated soot samples

	Soot sample	S BET (m 2 /g) a	Mean pore size R (nm) a	Pore volume V p (ml/g) a
	Printex U	97.8	18.94	0.90
	Printex U-500	111.8	19.07	1.05
	Printex U-600	321.3	1.21	1.30
	B100	124.1	39.01	1.26
	B100-500	154.9	1.64	0.92
	B100-600	217.1	1.21	1.29
	B7	231.6	25.55	2.73
	B7-600	296.2	1.21	1.91

a which was calculated by BJH method.

Table 6 -

 6 SampleFWHM D1 /cm -1 FWHM D2 /cm -1 FWHM G /cm -1I D1 /I G I D2 /I G I D3 /I G A D1 /A G A D3 /A G

	Printex U	174	47	70	1.04 0.87 0.90	2.7	0.75
	Printex U-500	182	57	81	1.04 0.97 0.98	3.1	1.09
	Printex U-600	179	51	81	1.03 0.97 0.97	3.3	0.97
	B7	153	42	70	1.01 0.30 0.42	2.3	0.39
	B7-500	149	39	67	1.07 0.37 0.44	2.6	0.44
	B7-600	151	47	71	1.10 0.42 0.43	2.6	0.42
	B100	154	37	61	0.98 0.38 0.47	2.3	0.42
	B100-500	145	31	63	1.10 0.41 0.51	2.4	0.51
	B100-600	166	31	65	1.09 0.34 0.49	2.4	0.56

4. Raman results of soot samples.

Table 6 -

 6 4 lists spectroscopic parameters of different soot samples. For Printex U soot, it can be observed that the partially oxidized soot samples (Printex U-500 and -600)

Table 6 -

 6 

	Samples	C	Printex U (at.%) O Graphene	C	B100 (at.%) O Graphene
	Raw soot	90.3	9.7	59.4	80.9	19.1	49.1
	Soot-500	90.1	9.9	54.6	80.3	19.7	42.0
	Soot-600	89.2	10.8	45.1	78.0	22.0	37.7

5. XPS results of Printex U and B100 samples.

Table 7 -

 7 

	Sample	FWHM D1 /cm -1 FWHM G /cm -1	I D1 /I G	I D3 /I G	A D3 /A G
	350B7	134	65	1.03	0.91	0.42
	0.5% K/B7	131	64	1.06	0.89	0.45
	1% K/B7	133	67	1.03	0.92	0.49
	0.5% Na/B7	131	64	1.04	0.94	0.57
	1% Na/B7	134	72	1.02	0.95	0.68
	0.5% P/B7	125	67	1.03	0.93	0.44
	1% P/B7	128	67	1.04	0.91	0.33

1. Raman results of soot samples.

Table 7 -

 7 1 shows the Raman results of different soot samples. In the case of K-doped samples. It can be noted that 0.5% K/B7 and 1% K/B7 samples show similar FWHM values of D1 and G bands as well as I D1 /I G and I D3 /I G compared to 350B7 sample.
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2. specific surface area (S BET ), microporous pore volume (V micro ) and mesoporous pore volume (V meso ) of doped B7 soot samples.
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 7 

	-2.

  The presence of NO 2 more apparently promoted the non-catalytic reaction of real soot. In the presence of the MnO x -CeO 2 catalyst, soot reactivity depended both on reactant gas composition and on soot-catalyst contact, following the order: NO + O 2 > NO 2 + O 2 > O 2 and tight > pressure > loose, respectively.

	The work presented in chapter 5 aims to investigate and compare the non-catalytic
	and catalytic reactivities of real and model soot samples through
	temperature-programmed oxidation (TPO). Such reactivity was furthermore
	correlated with soot structural properties, determined by laser granulometry, XRD,
	Raman and HRTEM. Biodiesel soot samples were obtained through the combustion of
	different fuels in a real Diesel engine, whereas model soot samples were produced in a
	laminar burner. TPO evidenced that the soot generated with 100% Biodiesel (methyl
	ester) was more reactive than real soot generated with 7% Biodiesel (7% methyl ester).
	The model soot from the diesel surrogate (Aref) containing 7% oxygenate additive
	(C 11 H 22 O 2 ) exhibited higher reactivity than the model soot containing 30% additive,
	whereas the model soot (Degussa Printex U) showed the poorest reactivity of this
	series.
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B7 and B100 are real Biodiesel soot, which produced from a real diesel engine. The noncatalytic and catalytic activities of their raw and activated samples were also tested by TPO and the results are shown in Figure 6-2c-f. It can be seen that for the activated B7 and B100 samples, the low-temperature reactivity decreases compared to raw soot. Table 6-1 also illustrates that the T i values of the activated B7 and B100 samples are higher than those of raw soot during both noncatalytic and catalytic oxidation. Besides, T m values of B7-600 and B100-600 are similar with those of raw soot and do not visibly shift to lower temperatures (except for noncatalytic reactivity of B100-600). It is also observed that the high-temperature reactivity (T m ) of B7-500 and B100-500 slightly moves to higher temperatures compared to raw samples. Thus, the partial oxidation process of real Biodiesel soot decreases the low-temperature reactivity but cannot apparently affect the high-temperature reactivity. These results are contrary to those of Printex U samples.

Chapter VI. Structure, surface and reactivity of activated carbon: From model soot to Bio Diesel soot Compared with raw B100, B100-600 exhibits a similar IR result and B100-500 has a slightly decreased IR signal. This indicates that there is no an obvious change in surface oxygen functional species for raw and activated Biodiesel soot. 

Correlation of structural and surface properties to reactivity

Many authors have analyzed the relationship between soot structure and oxidative reactivity by using XRD, Raman and HRTEM characterizations and found that the reactivity of soot depends on its structural properties, i,e. length scale, amorphous carbon, the degree of graphitization, nanoparticle size and surface morphology [START_REF] Abboud | Impacts of oxygenated compounds concentration on sooting propensities and soot oxidative reactivity: Application to Diesel and Biodiesel surrogates[END_REF][START_REF] Wal | Soot oxidation: dependence upon initial nanostructure[END_REF][START_REF] Lapuerta | Effect of fuel on the soot nanostructure and consequences on loading and regeneration of diesel particulate filter[END_REF][START_REF] Sadezky | Raman microspectroscopy of soot and related carbonaceous materials: spectral analysis and structural information[END_REF][START_REF] Boehman | Impact of biodiesel blending on diesel soot and the regeneration of particulate filters[END_REF][START_REF] Knauer | Changes in structure and reactivity of soot during oxidation and gasification by oxygen, studied by microRaman spectroscopy and temperature programmed oxidation[END_REF]. Wu et al. [START_REF] Wu | Effects of adsorbed and gaseous NO x species on catalytic oxidation of diesel soot with MnO x -CeO 2 mixed oxides[END_REF] studied the surface organic components (such as aromatic carboxylate, carboxylic anhydrides and lactones) of soot during soot combustion in the presence of catalysts through DRIFTS tests and summarized that the catalytic reactivity of soot is related to the concentration of surface organic components. Müller et al. [START_REF] Müller | Morphology-controlled reactivity of carbonaceous materials towards oxidation[END_REF] investigated the correlation of the noncatalytic reactivity of different soot samples to surface functional groups by DRIFTS measurements and confirmed an important role of the functionalisation on the onset of soot combustion. Some inorganic elements may interact with the catalysts and soot particles, thereby influencing their physicochemical properties and reactivity. It has been reported that in Diesel Oxidation Catalyst (DOC) and Selective Catalytic Reduction (SCR) systems, the presence of these impurities led to the loss of active sites and deactivation of catalysts [START_REF] Brookshear | Investigation of the effects of biodiesel-based Na on emissions control components[END_REF][START_REF] Schobing | Investigation of the Impact of Calcium, Zinc and Phosphorus on DeNO x[END_REF]. It was also found that in DPF, these impurities as ash exist on the monolith wall and also in the soot composition, thereby affecting the passive and active regeneration of DPF [START_REF] Brookshear | Investigation of the effects of biodiesel-based Na on emissions control components[END_REF][START_REF] Liati | Microscopic investigation of soot and ash particulate matter derived from biofuel and diesel: implications for the reactivity of soot[END_REF][START_REF] Liati | Investigation of diesel ash particulate matter: A scanning electron microscope and transmission electron microscope study[END_REF].

Many studies have confirmed that the presence of alkali metals in the catalysts has a positive impact on soot oxidation activity [START_REF] Suá Rez F E | Study of the uncatalyzed and catalyzed combustion of diesel and biodiesel soot[END_REF][START_REF] Jimé Nez | Soot combustion with K/MgO as catalyst[END_REF][START_REF] Jimé Nez | Soot combustion with K/MgO as catalyst: II. Effect of K-precursor[END_REF][START_REF] Gross | Catalytic oxidation of diesel soot: New characterization and kinetic evidence related to the reaction mechanism on K/CeO 2 catalyst[END_REF][START_REF] Aneggi | Diesel soot combustion activity of ceria promoted with alkali metals[END_REF][START_REF] Matarrese | Soot combustion: Reactivity of alkaline and alkaline earth metal oxides in full contact with soot[END_REF][START_REF] Castoldi | Intrinsic reactivity of alkaline and alkaline earth metal oxide catalysts for oxidation of soot[END_REF]. It was reported that the K-doped catalysts showed apparently improved catalytic activity during soot oxidation, the researchers thought that the presence of potassium decreased the activation energy of soot oxidation reactions and thereby increased the reactivity [START_REF] Jimé Nez | Soot combustion with K/MgO as catalyst[END_REF][START_REF] Jimé Nez | Soot combustion with K/MgO as catalyst: II. Effect of K-precursor[END_REF]. Gross et al.

[251] studied the soot oxidation activity of ceria catalysts doped by different KNO 3 contents (4-14 wt%) and found a great enhancement of soot oxidation, they thought that high mobility of K improved the contact between soot particulates and catalyst and thus increased the availability of active sites in the catalyst. Aneggi et al. [START_REF] Aneggi | Diesel soot combustion activity of ceria promoted with alkali metals[END_REF] studied the effect of Na, K, Rn and Cs alkali metals on soot oxidation activity of ceria, the result was found that all the elements showed an enhanced activity. Moreover, the intrinsic activity of some alkali metals was also studied through their impregnation on alumina support or directly on carbon black. It was reported that Na, K and Cs have a catalytic impact on carbon oxidation under air and Cs and K even show better reactivity than Pt noble metal [START_REF] Matarrese | Soot combustion: Reactivity of alkaline and alkaline earth metal oxides in full contact with soot[END_REF][START_REF] Castoldi | Intrinsic reactivity of alkaline and alkaline earth metal oxide catalysts for oxidation of soot[END_REF]. However, a few reports illustrate that the presence of phosphorus inhibits soot oxidation activity under O 2 [START_REF] Valero-Romero | Role of surface phosphorus complexes on the oxidation of porous carbons[END_REF][START_REF] Wu | Inhibition of catalytic oxidation of carbon/carbon composites by phosphorus[END_REF][START_REF] Wu | Catalytic oxidation of carbon/carbon composite materials in the presence of potassium and calcium acetates[END_REF]. Schobing et al. found that phosphorus has a beneficial effect on C-NO 2 reaction, particularly in presence of water [START_REF] Schobing | Impact of biodiesel impurities on carbon oxidation in passive regeneration conditions: Influence of the alkali metals[END_REF]. Thus, the presence of these impurities in Biodiesel would affect the soot reactivity and catalytic activity and thereby the regeneration of DPF.

Surprisingly, the impact of inorganic elements on non-catalytic and catalytic reactivities of soot in presence of NO x (NO and NO 2 ) in the feed gas is rarely reported in the literature.

Chapter VII. Effect of Biodiesel impurities (K, Na, P) on noncatalytic and catalytic activities of soot in model DPF regeneration conditions Many studies reported that MnO x -CeO 2 mixed oxides, as a relatively cheap candidate for soot oxidation, have excellent oxygen storage and redox ability and thus show a high promotion in soot oxidation activity [START_REF] Wu | Effects of adsorbed and gaseous NO x species on catalytic oxidation of diesel soot with MnO x -CeO 2 mixed oxides[END_REF][START_REF] Zhang | Effects of contact model and NO x on soot oxidation activity over Pt/MnO x -CeO 2 and the reaction mechanisms[END_REF][START_REF] Lin | Preparation of MnO x -CeO x -Al 2 O 3 mixed oxides for NO x -assisted soot oxidation: Activity, structure and thermal stability[END_REF]. Moreover, MnO x -CeO 2 mixed oxides can not only oxidize NO to NO 2 and storage NO x at lower temperatures but also release a large amount of active oxygen species during soot combustion [START_REF] Zhang | Effects of contact model and NO x on soot oxidation activity over Pt/MnO x -CeO 2 and the reaction mechanisms[END_REF][START_REF] Liu | Combined promoting effects of platinum and MnO x -CeO 2 supported on alumina on NO x -assisted soot oxidation: Thermal stability and sulfur resistance[END_REF].

The aim of the present work is to study the impact of the presence of Biodiesel impurities on the DPF non-catalytic and catalytic regeneration under model DPF regeneration conditions. A real soot B7, which generated from the combustion of 7%

Biodiesel-diesel blends, was used in this work. The soot was doped by 0.5-2 wt% of inorganic elements (Na, K, P) to obtain the impurity-deposited soot samples. In order to evaluate the influence of Na, K and P elements on catalytic oxidation activity of soot, MnO x -CeO 2 catalyst was prepared through a co-precipitation method and used in the reactivity measurement.

Materials preparation

Soot samples preparation

Real Biodiesel soot sample was provided by Volvo Group Truck Technology. An engine bench (8L Diesel engine) equipped with a Euro VI post-treatment system containing DOC and DPF was used for soot production. The real soot sample was obtained through the combustion of fuels blend with 7 vol% of methyl ester from rapeseed oil and 93 vol% of standard Euro VI fuel (EN 590). The obtained real soot sample was labeled as B7.

Soot doping was performed through a saturated impregnation method, the real soot sample B7 was impregnated by an aqueous solution of NaNO 3 , KNO 3 or NH 4 H 2 PO 4 .

Then the final samples with 0.5 wt%, 1.0 wt% and 2.0 wt% inorganic elements were dried at 120 °C for a day and calcined in a muffle furnace at 350 °C for 2 h. The O1s XPS reveal that the detected oxygen mainly originates from carbon-oxygen complexes (CO). The XP spectrum of the S2p (BE = 168.63 eV and 166.30 eV) [START_REF] Wagner | NIST X-ray Photoelectron Spectroscopy (XPS) Database[END_REF][START_REF] Puziy | XPS and NMR studies of phosphoric acid activated carbons[END_REF], which is not shown here due to lower sulfur content, also illustrates the presence of sulfur in B7 soot. In 1% Na/B7 sample (Figure 7-11), the O1s XP spectrum detected the presence of S in the form of SO x at 531.55 eV, which may be attributed to the formation of Na 2 SO x ( x = 3 or 4) [START_REF] Schobing | Impact of biodiesel impurities on carbon oxidation in passive regeneration conditions: Influence of the alkali metals[END_REF]. The XP spectrum of Na1s

shows that Na was only detected in the form of sulfate/sulfonate at 1071.36 eV [START_REF] Schobing | Impact of biodiesel impurities on carbon oxidation in passive regeneration conditions: Influence of the alkali metals[END_REF].

In the case of 1% P/B7 (Figure 7-12), Phosphorous was detected in the form of phosphate at 133.71 eV [START_REF] Valero-Romero | Role of surface phosphorus complexes on the oxidation of porous carbons[END_REF][START_REF] Wu | Inhibition of catalytic oxidation of carbon/carbon composites by phosphorus[END_REF]. Thus, the single (O-P) and double bindings (O=P)

were also detected in the O1s XP spectra (O-P: 531.45 eV; O=P: 532.85 eV) [START_REF] Valero-Romero | Role of surface phosphorus complexes on the oxidation of porous carbons[END_REF].

Table 7-3 lists the elemental composition of the soot samples in wt% determined by XP Spectroscopy. It can be seen that the doped samples (1% Na/B7 and 1% P/B7) exhibit higher oxygen content than 350B7 sample, this may be due to the formation of sulfate and phosphate species. But 1% Na/B7 sample shows the highest oxygen content in (CO) form, which may be ascribed to the formation of more surface (CO) species. Higher sulfur content of 1% Na/B7 soot is likely attributed to the formation of Na 2 SO x decreasing the loss of sulfur during calcination step.