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The present work aims to investigate and compare the structure, surface and reactivity of the activated Printex U carbon black and real Bio soot samples through BET, Raman, HRTEM, XPS, DRIFTS and temperature-programmed oxidation (TPO). TPO evidenced that the activated Printex U carbon black was more reactive than the activated Biodiesel soot (B7 and B100) generated from a real engine under both O2 and NO + O2. BET displayed an increased surface area and a decreased pore size for the activated soot. Raman and HRTEM revealed that the activated soot showed decreased structural order. The morphology features also confirmed different

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 incomplete combustion of fuel or poor fuel/air (F/A) mixing in Diesel engine has caused higher emission of fine soot particles for example PM2.5, thereby leading to 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][START_REF] Zhou | Effects of separated swirl combustion chamber geometries on the combustion and emission characteristics of DI diesel engines[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][START_REF] Geng | Effect of DMDF on the PM emission from a turbo-charged diesel engine with DDOC and DPOC[END_REF][START_REF] Liu | Vanadium and tungsten release from V-based selective catalytic reduction diesel aftertreatment[END_REF]. Diesel particulate matter (PM) mainly consists of carbon components, which include elemental carbon (EC), organic carbon (OC), and carbonate carbon (CC), the former two have an important impact on human health [START_REF] Mei | Fractal morphology features and carbon component analysis of diesel particulates[END_REF]. Polycyclic aromatic hydrocarbons (PAHs) as a class of OC are toxic and can readily condense onto PM under exhaust conditions. The presence of PAHs in air has been proven to be a key factor that leads to an increase in number of cancer cases [START_REF] Roy | Particulate matter bound polycyclic aromatic hydrocarbons: Toxicity and health risk assessment of exposed inhabitants[END_REF][START_REF] Kumar | AK health risk assessment of polycyclic aromatic hydrocarbons: a review[END_REF][START_REF] Lin | Assessment of PM2.5 and PAH content in PM2.5 emitted from mobile source gasoline-fueled vehicles in concomitant with the vehicle model and mileages[END_REF].

Nowadays, the emissions of Diesel soot particles are limited all around world [START_REF]of the European Parliament and the Council of 20 June 2007[END_REF][START_REF]with respect to emissions from heavy duty vehicles (Euro VI) and[END_REF][16][START_REF] Zhong | Effects of a Diesel particulate filter on emission characteristics of a China II non-road Diesel engine[END_REF]. For example, the emissions of particulate matter from cars and heavy-duty vehicles are limited to 4.5 mg/km and 10 mg/kWh, respectively [START_REF]of the European Parliament and the Council of 20 June 2007[END_REF][START_REF]with respect to emissions from heavy duty vehicles (Euro VI) and[END_REF][16] and the national standard GB 20891-2014 for non-road Diesel engines requires that PM emission limits reach 0.025g/kWh in China [START_REF] Zhong | Effects of a Diesel particulate filter on emission characteristics of a China II non-road Diesel engine[END_REF]. Thus, the soot removal technology has become an important topic on improving environment level and protecting human health. The use of Diesel particulate filter (DPF), which is placed downstream of Diesel oxidation catalyst (DOC), has been proven to be an effective way to remove Diesel PM emissions [START_REF] Reşitoğlu | The pollutant emissions from diesel-engine vehicles and exhaust aftertreatment systems[END_REF][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][START_REF] Lee | Vehicle emissions trapping materials: Successes, challenges, and the path forward[END_REF][START_REF] Shao | Effects of a DOC plus DPF system on emission characteristics of China Pi engineering vehicle diesel engine and influence factors of trapping efficiency of PM for DOC plus DPF system[END_REF]. Its function is to capture PM through a wall-flow filtration mechanism. However, the saturated accumulation of PM in DPF can cause higher backpressure that has many negative impacts on engine working, thus DPF has to be regenerated by PM combustion [START_REF] Reşitoğlu | The pollutant emissions from diesel-engine vehicles and exhaust aftertreatment systems[END_REF]. The active or passive regeneration of DPF is crucial in controlling soot emission. The soot particulates are oxidized periodically by O2 at higher temperatures (> 550 °C) during active regeneration and also oxidized continuously over the catalysts mainly by NO2 during passive regeneration [START_REF] Niessner | The many faces of soot: characterization of soot nanoparticles produced by engines[END_REF][START_REF] Liu | Sulfation of Pt/Al2O3 catalyst for soot oxidation: High utilization of NO2 and oxidation of surface oxygenated complexes[END_REF][START_REF] Jeguirim | Catalytic effect of platinum on the kinetics of carbon oxidation by NO2 and O2[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 CeO2-ZrO2 catalysts calcinated at different temperatures: Reduction property and soot-O2 reaction[END_REF][START_REF] Zhang | Sulfur deactivation mechanism of Pt/MnOx-CeO2 for soot oxidation: Surface property study[END_REF].

The regeneration efficiency strongly depends on the reactivity of soot, the burning of high-activity soot occurs at lower temperatures with small energy demand, for example low fuel consumption [START_REF] Reşitoğlu | The pollutant emissions from diesel-engine vehicles and exhaust aftertreatment systems[END_REF][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 soot nanostructure [START_REF] Knauer | Soot structure and reactivity analysis by Raman microspectroscopy, Temperature-Programmed Oxidation and High-resolution transmission electron microscopy[END_REF][START_REF] Lapuerta | Effect of fuel on the soot nanostructure and consequences on loading and regeneration of diesel particulate filters[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], fuel types [START_REF] Lapuerta | Effect of fuel on the soot nanostructure and consequences on loading and regeneration of diesel particulate filters[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] Lamharess | Effect of biofuels on catalyzed diesel particulate filter regeneration[END_REF], catalyst materials [START_REF] Liu | Sulfation of Pt/Al2O3 catalyst for soot oxidation: High utilization of NO2 and oxidation of surface oxygenated complexes[END_REF][START_REF] Jeguirim | Catalytic effect of platinum on the kinetics of carbon oxidation by NO2 and O2[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 CeO2-ZrO2 catalysts calcinated at different temperatures: Reduction property and soot-O2 reaction[END_REF][START_REF] Zhang | Sulfur deactivation mechanism of Pt/MnOx-CeO2 for soot oxidation: Surface property study[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].

Carbon is the main composition (> 80 wt.%) of Diesel soot with a small amount of soluble organic fraction (SOF) and ash [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][START_REF] Sadezky | Raman microspectroscopy of soot and related carbonaceous materials: spectral analysis and structural information[END_REF]. The formation of Diesel soot particulates must experience nucleation, nanoparticles aggregation and surface growth steps, accompanied by the evolution of their structure [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 carbon particles are composed of ordered and 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] Vander Wal | Soot oxidation: dependence upon initial nanostructure[END_REF][START_REF] Alfe | 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] Wang | Effects of 2,5-dimethylfuran addition on morphology, nanostructure and oxidation reactivity of diesel exhaust particles[END_REF][START_REF] Schobing | Impact of engine operating cycle, biodiesel blends and fuel impurities on soot production and soot characteristics[END_REF]. The different structural features of soot particles would determine their physicochemical properties and thereby their reactivity [START_REF] Alfe | 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] Wang | Effects of 2,5-dimethylfuran addition on morphology, nanostructure and oxidation reactivity of diesel exhaust particles[END_REF][START_REF] Schobing | Impact of engine operating cycle, biodiesel blends and fuel impurities on soot production and soot characteristics[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. Many authors also studied the relationship between soot structure and reactivity by Raman microspectroscopy and high-resolution transmission electron microscopy (HRTEM) [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 | Effects of 2,5-dimethylfuran addition on morphology, nanostructure and oxidation reactivity of diesel exhaust particles[END_REF][START_REF] Schobing | Impact of engine operating cycle, biodiesel blends and fuel impurities on soot production and soot characteristics[END_REF][START_REF] Zhang | Structure-reactivity study of model and Biodiesel soot in model DPF regeneration conditions[END_REF]. It was found that the higher reactivity of soot was attributed to a higher degree of disorder and a higher content of molecular carbon, which is because higher amount of defects in carbon structure results in an increase in surface functionalization [START_REF] Knauer | Soot structure and reactivity analysis by Raman microspectroscopy, Temperature-Programmed Oxidation and High-resolution transmission electron microscopy[END_REF]. It was also reported that the reactivity of soot would be dependent 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 filters[END_REF][START_REF] Zhang | Structure-reactivity study of model and Biodiesel soot in model DPF regeneration conditions[END_REF]. On the other side, some researchers 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] 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] Wang | Effects of 2,5-dimethylfuran addition on morphology, nanostructure and oxidation reactivity of diesel exhaust particles[END_REF][START_REF] Schobing | Impact of engine operating cycle, biodiesel blends and fuel impurities on soot production and soot characteristics[END_REF][START_REF] Zhang | Structure-reactivity study of model and Biodiesel soot in model DPF regeneration conditions[END_REF][START_REF] Seong | Studies of soot oxidative reactivity using a diffusion flame burner[END_REF][START_REF] Song | Impact of alternative fuels on soot properties and DPF regeneration[END_REF]. This might be ascribed to higher content of oxygen in soot particles produced from oxygenated fuel combustion [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] Song | Impact of alternative fuels on soot properties and DPF regeneration[END_REF][START_REF] Verma | Influence of fuel-oxygen content on morphology and nanostructure of soot particles[END_REF].

Therefore, the use of Biodiesel fuel as oxygenated fuel can apparently improve non-catalytic and catalytic reactivity of soot [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] Schobing | Impact of engine operating cycle, biodiesel blends and fuel impurities on soot production and soot characteristics[END_REF][START_REF] Zhang | Structure-reactivity study of model and Biodiesel soot in model DPF regeneration conditions[END_REF][START_REF] Corro | Biodiesel and fossil-fuel diesel soot oxidation activities of Ag/CeO2 catalyst[END_REF].

Besides, the catalytic materials coated on the DPF wall also play an important role on determining the catalytic oxidation reactivity of Diesel soot since they are able to decrease soot oxidation temperature. A large number of publications reveal a wide study of catalyst materials used for DPF regeneration, which include noble metal catalysts [START_REF] Liu | Sulfation of Pt/Al2O3 catalyst for soot oxidation: High utilization of NO2 and oxidation of surface oxygenated complexes[END_REF][START_REF] Jeguirim | Catalytic effect of platinum on the kinetics of carbon oxidation by NO2 and O2[END_REF][START_REF] Wei | Synthesis of AuPt alloy nanoparticles supported on 3D ordered macroporous oxide with enhanced catalytic performance for soot combustion[END_REF], perovskite-type catalysts [START_REF] Dhal | Study of Fe, Co, and Mn-based perovskite-type catalysts for the simultaneous control of soot and NOx from diesel engine exhaust[END_REF][START_REF] Mishra | Preparation and application of perovskite catalysts for diesel soot emissions control: an overview[END_REF], and ceria-based catalysts [START_REF] Bueno-López | Enhanced soot oxidation by lattice oxygen via La 3+ -doped CeO2[END_REF][START_REF] Tikhomirov | MnOx-CeO2 mixed oxides for the low-temperature oxidation of diesel soot[END_REF][START_REF] Zhang | Effects of contact model and NOx on soot oxidation activity over Pt/MnOx-CeO2 and the reaction mechanisms[END_REF][START_REF] Bassou | High-throughput approach to the catalytic combustion of diesel soot II: Screening of oxide-based catalysts[END_REF][START_REF] Zhu | Oxidation treatment of diesel soot particulate on CexZr1-xO2[END_REF][START_REF] Yang | Facile synthesis of ceria-zirconia solid solutions with cubic-tetragonal interfaces and their enhanced catalytic performance in diesel soot oxidation[END_REF]. Among them, the latter are more desirable catalyst materials for DPF regeneration than the former two due to their lower cost and higher oxygen storage/release capacity. It was reported that ceria-based mixed oxides can generate a great quantity of active oxygen species (e.g. O -, O2 -, O2 2-), resulting from many oxygen vacancies and high mobility of oxygen, and thus exhibit higher catalytic activity for soot oxidation [START_REF] Zhang | A new understanding of CeO2-ZrO2 catalysts calcinated at different temperatures: Reduction property and soot-O2 reaction[END_REF][START_REF] Tikhomirov | MnOx-CeO2 mixed oxides for the low-temperature oxidation of diesel soot[END_REF][START_REF] Zhang | Effects of contact model and NOx on soot oxidation activity over Pt/MnOx-CeO2 and the reaction mechanisms[END_REF][START_REF] Bassou | High-throughput approach to the catalytic combustion of diesel soot II: Screening of oxide-based catalysts[END_REF][START_REF] Zhu | Oxidation treatment of diesel soot particulate on CexZr1-xO2[END_REF][START_REF] Yang | Facile synthesis of ceria-zirconia solid solutions with cubic-tetragonal interfaces and their enhanced catalytic performance in diesel soot oxidation[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][START_REF] Zhang | A study on H2-TPR of Pt/Ce0.27Zr0.73O2 and Pt/Ce0.27Zr0.70La0.03Ox for soot oxidation[END_REF]. In addition, a higher oxidizing ability of NO into NO2 over ceria-based catalysts is also an advantage in promoting DPF passive regeneration [START_REF] Zhang | Sulfur deactivation mechanism of Pt/MnOx-CeO2 for soot oxidation: Surface property study[END_REF][START_REF] Zhang | Effects of contact model and NOx on soot oxidation activity over Pt/MnOx-CeO2 and the reaction mechanisms[END_REF][START_REF] Lin | Preparation of MnOx-CeOx-Al2O3 mixed oxides for NOx-assisted soot oxidation: Activity, structure and thermal stability[END_REF][START_REF] Zhang | MnOx-CeO2 mixed oxides as the catalyst for NO-assisted soot oxidation: The key role of NO adsorption/desorption on catalytic activity[END_REF][START_REF] Zhang | Study on hydrothermal deactivation of Pt/MnOx-CeO2 for NOx-assisted soot oxidation: redox property, surface nitrates, and oxygen vacancies[END_REF]. 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/activated Diesel soot samples through Temperature-Programmed Oxidation (TPO) method in a temperature range from 25 to 600 °C under O2 and studied the differences in nanostructure between raw and oxidized soot samples. They found that the changes in chemical homogeneity and structural order of Diesel soot occurred after partial soot oxidation.

In real exhaust aftertreatment system, soot particles which are generated from Diesel engine follow thermal gas-flow line and go through Diesel Oxidation Catalyst (DOC) unit, and then are accumulated and regenerated in DPF [START_REF] Shao | Effects of a DOC plus DPF system on emission characteristics of China Pi engineering vehicle diesel engine and influence factors of trapping efficiency of PM for DOC plus DPF system[END_REF][START_REF] Pajdowski | The process of diesel particulate filter regeneration under real driving conditions[END_REF]. In this process, Diesel soot would be partially oxidized or activated before its complete combustion. It may result in an impact of soot structure and even soot oxidation reactivity. However, this point is hardly noticed in the previous studies. 

Experimental

Materials preparation 2.1.1. Soot samples preparation

The oxidized/activated soot samples were prepared by Temperature Programmed Oxidation (TPO) method under 9% b.v. O2/Ar (250 ml/min). A carbon black (Printex-U) from Degussa as 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] Zhang | Structure-reactivity study of model and Biodiesel soot in model DPF regeneration conditions[END_REF], were used for this study. As shown in Fig. 1, when soot-TPO was performed till 500 °C (about 3-10% conversion) and 600 °C (about 20-30% conversion), respectively, the 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

MnOx-CeO2 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(NO3)3•6H2O (solid, 95% pure) and Mn(NO3)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 NH3•H2O and (NH4)2CO3 (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.

Soot characterization

The particles size distribution of soot was measured on FRITSCH laser particle sizer (ANALYSETTE 22 Nano Tec). Prior to each measurement, the aggregated soot sample was well dispersed in water by a close circulatory system and an integrated ultrasonic generator.

The special surface area of soot samples was measured on an automatic surface analyzer by N2 adsorption/desorption method at -196 °C. Prior to tests, the samples were degassed at 200 °C for 2 h under vacuum.

Raman spectra of soot were obtained on an inVia Reflex spectrometer (Renishaw, London, England) with a YAG laser (532 nm). The output power of 0.9 mW was chosen in the scanning range of 800-3500 cm -1 . The spectrometer includes a grating with 600 grooves mm -1 and a CCD detector with ×50 magnification objective lens.

The morphology of soot was analyzed by high-resolution transmission electron microscopy (HR-TEM) (Tecnai G 2 F20) with an acceleration voltage of 200 kV. The soot powders were dispersed in ethanol and deposited over Cu grids with a holey carbon film.

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. DRIFTS (diffuse reflectance infrared Fourier transform spectra) 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 N2 for 10 min.

After that, the IR spectra were recorded.

Reactivity measurement

The reactivity of soot samples was measured by temperature-programmed oxidation (TPO) under 9% b.v. O2/Ar and 400 ppmv NO + 9% b.v. O2/Ar. Prior to the catalytic reactivity measurement, soot and the catalyst powder were mixed by a loose contact at a weight ratio of 1/10 (2.0 mg/20 mg). To minimize the impact of hot spots, the soot-catalyst mixture (22 mg) was diluted with 80 mg SiC pellets. The final mixture was heated in a U-shaped quartz reactor at a ramp rate of 10 °C. The flow rate was controlled to 250 ml/min (15 Nl/h). 2 mg soot and 80 mg SiC pellets were mixed and then used for non-catalytic reactivity measurement under 9% b.v. O2/Ar. Concentrations of CO and CO2 (ppmv) were recorded by a Siemens Ultramat6 analyzer. In the obtained soot-TPO curves, Ti and Tm represent the ignition temperature at which the COx (CO + CO2) concentration reaches 100 ppm and the temperature of maximal soot oxidation rate, respectively. Based on the reaction C(soot) + (1 + x)/2O2 → xCO2 + (1-x)CO, the specific reaction rate (Vspec) was normalized to catalyst quality (20 mg) or soot mass (2 mg) and thus calculated by the following equation: 
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Where reaction can be mostly controlled by the chemical kinetics [START_REF] Liu | Soot oxidation over CeO2 and Ag/CeO2: Factors determining the catalyst activity and stability during reaction[END_REF][START_REF] Lin | Preparation of MnOx-CeOx-Al2O3 mixed oxides for NOx-assisted soot oxidation: Activity, structure and thermal stability[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 thus recorded.

Results and discussion

3.1. Reactivity analysis b The values were obtained with catalyst.

To explore the impact of thermal activation or partial oxidation of soot on its reactivity, the TPO experiments of raw and activated soot samples were conducted in 9% b.v. O2/Ar. Fig. 2a shows the non-catalytic activities of the raw and activated Printex U samples. By comparison, the activated soot Printex U-600 (about 20% of conversion) presents an apparently increased reactivity, its Ti and Tm values visibly decrease to 484 and 600 °C from 535 and 674 °C of raw soot, respectively (Table 1).

However, the activated soot Printex U-500 (about 3% of conversion) has no apparent changes in reactivity compared to raw soot. Table 1 also lists their similar Ti and Tm values. Fig. 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 that of raw soot, for example, the Ti and Tm separately shift to 458 and 560 °C from 483 and 644 °C (Table 1). While the TPO curve of Printex U-500 seems to be similar with that of raw soot and shows a slight increase in Ti and Tm values. These results illustrate that the Printex U-600 is more reactive than Printex U-500 and raw Printex U.

The Bio soot B7 and B100 were produced on a real engine bench using a medium duty Diesel engine. Their non-catalytic and catalytic activities were also tested by TPO before and after activation and the results are shown in Fig. 2c-f. It can be seen that for the activated B7 and B100 samples, the low-temperature reactivity decreases compared to raw soot. Table 1 also illustrates that the Ti values of the activated B7 and B100 samples are higher than those of raw soot during both non-catalytic and catalytic oxidation. Besides, Tm values of B7-600 and B100-600 are similar with those of raw soot and do not visibly shift to lower temperatures (except for non-catalytic reactivity of B100-600). It is also observed that the Tm of B7-500 and B100-500 slightly shifts to higher temperatures compared to that of raw samples. Thus, the partial oxidation process of real Bio soot decreases the low-temperature reactivity (Ti) but cannot apparently affect the high-temperature reactivity (Tm). These results are contrary to those of Printex U samples. Experimental 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.

To confirm the influence of the activation step on the reactivity of soot, firstly, the raw soot samples were partially oxidized under O2/Ar through TPO step from 25 to 600 °C, then the activated soot was cooled down to 25 °C and the second TPO was performed to obtain the total soot conversion profile. As shown in Fig. 3, for Printex U soot (Fig. 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 (Fig. 3b,c), it can be clearly observed that the second TPO profile presents a decreased reactivity (< 600 °C) compared with the first TPO. These results above are in good agreement with those presented in Fig. 2. It was reported that the presence of NO can promote the oxidation of soot over Mn-Ce catalysts, which is ascribed to two factors: firstly, NO is able to be oxidized into NO2 with higher oxidizing ability than O2 over Mn-Ce mixed oxides [START_REF] Zhang | Effects of contact model and NOx on soot oxidation activity over Pt/MnOx-CeO2 and the reaction mechanisms[END_REF][START_REF] Lin | Preparation of MnOx-CeOx-Al2O3 mixed oxides for NOx-assisted soot oxidation: Activity, structure and thermal stability[END_REF];

TPOs in NO + O2

secondly, the adsorption/desorption of NO on Mn-Ce mixed oxides can increase oxygen vacancies and desorption of active oxygen [START_REF] Zhang | MnOx-CeO2 mixed oxides as the catalyst for NO-assisted soot oxidation: The key role of NO adsorption/desorption on catalytic activity[END_REF]. In the present work, TPO profiles of the catalytic oxidation of Printex U and Bio soot samples under 400 ppm NO + 9% b.v. O2/Ar are presented in Fig. 4. An apparent promotion of NO on soot activity can be observed by comparing the TPO profiles in Fig. 4 and Fig. 2. In the case of Printex U, in comparison with raw soot, the oxidized samples especially for Printex U-600 show an increased reactivity. It can be noted in Table 1 that the Ti and Tm of Printex U-500 slightly shift to lower values but those of Printex U-600 display a larger shift. In the previous TPO with catalyst under O2 (Fig. 2b), Printex U-500 presents a similar TPO curve with the raw soot, and the Ti and Tm of Printex U-600 decrease by 25 and 84 °C, respectively, relative to those of raw Printex U. However, in NO + O2 (Fig. 4a), Printex U-500 exhibits a slight enhancement on soot oxidation activity and the Ti and Tm of Printex U-600 separately decrease by 74 and 119 °C compared to those of raw soot. The fact illustrates that the reactivity of the activated Printex U soot is more easily promoted in NO + O2. In the case of B7 and B100, it can be clearly observed that the low-temperature reactivity of activated soot samples decreases at about 200-350 °C. The results are also confirmed in Fig. 2. For B7 soot, the high-temperature reactivities of raw B7 and B7-500 samples are almost similar in view of the close Tm values (556 and 553 °C), and that of B7-600 shows a slight promotion. For B100 soot, the Tm 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). Fig. 5 and Table 3 show the catalytic reaction rates of raw and activated soot samples under isothermal conditions. As shown in Fig. 5a and Fig. 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 O2 and NO + O2. This reveals that the activated Printex U shows higher reactivity for soot oxidation. Especially in the presence of NO, a more apparent increase in the reaction rate of the activated samples is observed in Fig. 5b and Table 3.

Isothermal reaction rate at 350 °C

It is interesting to undernote that, not all soot samples can show the same phenomenon with Printex U after activation. As shown in Fig. 5c-f and Table 3, for real soot B7 and B100, the activated soot samples exhibit decreased oxidation rates in O2 but increased results in NO + O2. In Table 3, it can be observed that the initial oxidation rates of the activated B7 and B100 samples visibly decrease in O2. A slight increase in final oxidation rates of the activated 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 + O2, the initial oxidation rates of B7 and B100 samples are ranked as follow:

B7-600 (0.6774 µmolsoot/s/gcat) > B7 (0.6409 µmolsoot/s/gcat.) > B7-500 (0.5450 µmolsoot/s/gcat.) and B100 (0.7631 µmolsoot/s/gcat.) > B100-500 (0.7312 µmolsoot/s/gcat.) > B100-600 (0.6855 µmolsoot/s/gcat.), respectively. However, their final oxidation rates apparently increase after soot activation (Table 3). In previous TPO results, it can be noted that the activated B7 and B100 samples show a decreased low-temperature catalytic reactivity in both O2 and NO + O2 mixture. The results in isothermal reactions under O2 (Fig. 5c,e) are in good agreement with this point, but those in NO + O2 (Fig. 5d,f) exhibit a contrary result. The fact illustrates that under isothermal conditions the presence of NO is more favorable for the catalytic oxidation of activated Bio soot.

Moreover, it can be noticed that for the isothermal reactions under O2 the final reaction rates sharply decline relative to the initial ones, but the presence of NO into O2 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)

MnOx-CeO2 mixed oxides have higher catalytic oxidation activity of NO into NO2 [START_REF] Tikhomirov | MnOx-CeO2 mixed oxides for the low-temperature oxidation of diesel soot[END_REF][START_REF] Zhang | Effects of contact model and NOx on soot oxidation activity over Pt/MnOx-CeO2 and the reaction mechanisms[END_REF][START_REF] Zhang | MnOx-CeO2 mixed oxides as the catalyst for NO-assisted soot oxidation: The key role of NO adsorption/desorption on catalytic activity[END_REF], the produced NO2 with stronger oxidizing ability than O2 can enhance the soot oxidation rate; (2) the production of NO2 over MnOx-CeO2 catalyst benefits C + NO2 + O2 cooperative reactions [START_REF] Zhang | Effects of contact model and NOx on soot oxidation activity over Pt/MnOx-CeO2 and the reaction mechanisms[END_REF][START_REF] Zhang | Study on hydrothermal deactivation of Pt/MnOx-CeO2 for NOx-assisted soot oxidation: redox property, surface nitrates, and oxygen vacancies[END_REF]; (3) it was confirmed that NO adsorption/desorption on MnOx-CeO2 enhances the production of active oxygen in the oxides [START_REF] Zhang | MnOx-CeO2 mixed oxides as the catalyst for NO-assisted soot oxidation: The key role of NO adsorption/desorption on catalytic activity[END_REF].

In Seong's work [START_REF] Seong | Oxidation-derived maturing process of soot, dependent on O2-NO2 mixtures and temperatures[END_REF], the authors analyzed the burning process of soot through partially oxidizing Printex-U soot under O2-NO2 mixtures and found that the oxidation-derived maturing process was much dependent on NO2 content. Besides, the presence of NO2 during soot oxidation has been confirmed to have a good promoting role on the oxidative reactivity of soot [START_REF] Liu | Sulfation of Pt/Al2O3 catalyst for soot oxidation: High utilization of NO2 and oxidation of surface oxygenated complexes[END_REF][START_REF] Jeguirim | Catalytic effect of platinum on the kinetics of carbon oxidation by NO2 and O2[END_REF][START_REF] Zhang | Effects of contact model and NOx on soot oxidation activity over Pt/MnOx-CeO2 and the reaction mechanisms[END_REF][START_REF] Zhang | A study on H2-TPR of Pt/Ce0.27Zr0.73O2 and Pt/Ce0.27Zr0.70La0.03Ox for soot oxidation[END_REF][START_REF] Seong | Oxidation-derived maturing process of soot, dependent on O2-NO2 mixtures and temperatures[END_REF]. Thus, we suppose that the activation of soot under different reaction gases would cause different oxidation reactivities of the activated soot. In the present work, Printex U soot was chosen and partially oxidized by TPO from 25 to 500 °C in 9% O2/Ar, 400 ppm NO + 9% O2/Ar and 400 ppm NO2 + 9% O2/Ar, respectively. Then these activated soot samples were used for isothermal catalytic reactions under NO + O2 at 350 °C to compare their differences. As presented in Fig. S1 (see Supplementary Materials), the isothermal reaction curves of the activated soot samples seem to have no more apparent differences. When the reaction rate reaches a stabilized value, it can be clearly seen that the activated soot under NO + O2 shows a similar oxidation rate (about 0.51 µmolsoot/s/gcat.) compared to that one under O2, but under NO2 + O2 a slightly increased oxidation rate (about 0.57 µmolsoot/s/gcat.). This might be because the presence of NO2 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 O2-NO2 mixtures and temperatures[END_REF]. samples Printex U and B100, it is found that the activation step leads to a decrease in the amount of smaller soot particles and the whole distribution profiles of activated soot shift towards higher values. The same result can be also observed for the raw and activated B7 soot samples (Fig. S2, see the Supplementary Materials). As shown in Fig. 7, the mean size of soot particles aggregates increases after the activation, 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. decrease compared to raw soot. 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. The Raman spectra of raw and activated soot samples were measured to analyze the microstructural features and the results are presented in Figs. 8, 9 and Table 5. Fig. 9 presents the Raman analysis of Printex U samples, and that of B7 and B100 samples can be also found in Fig. S3 and Fig. S4 (see Supplementary Materials). The Raman spectra of these soot samples are characterized by two overlapping peaks, which appear at around 1580 cm -1 (G peak) and 1350 cm -1 (D peak), respectively [START_REF] Knauer | Soot structure and reactivity analysis by Raman microspectroscopy, Temperature-Programmed Oxidation and High-resolution transmission electron microscopy[END_REF][START_REF] Sadezky | Raman microspectroscopy of soot and related carbonaceous materials: spectral analysis and structural information[END_REF][START_REF] Abboud | Impacts of oxygenated compounds concentration on sooting propensities and soot oxidative reactivity: Application to Diesel and Biodiesel surrogates[END_REF].

Soot characterization 3.2.1. Laser granulometry

BET test

Raman analysis

The D peak is generally related to defect sites or disordered carbon and G peak involves the ordered carbon. As shown in Fig. 8, 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 in 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 Fig. 8, 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 due to (2*D)

overtones and (D + G) combinations of graphitic lattice vibration modes [START_REF] Sadezky | Raman microspectroscopy of soot and related carbonaceous materials: spectral analysis and structural information[END_REF]. The second-order signals become less pronounced after activation treatment for Printex U soot (Fig. 8a), but the visible decrease in the second-order signals cannot be seen for the activated B7 and B100 soot (Fig. 8b andc). The result may illustrate that Printex U soot becomes more disordered than B7 and B100 soot after activation.

Fig. 9 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 , respectively, and a Gaussian-shaped band D3 at about 1500 cm -1 [START_REF] Knauer | Soot structure and reactivity analysis by Raman microspectroscopy, Temperature-Programmed Oxidation and High-resolution transmission electron microscopy[END_REF][START_REF] Abboud | Impacts of oxygenated compounds concentration on sooting propensities and soot oxidative reactivity: Application to Diesel and Biodiesel surrogates[END_REF]. It has been reported that D1 band is associated with disordered graphitic lattice and D3 band is 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] Knauer | Soot structure and reactivity analysis by Raman microspectroscopy, Temperature-Programmed Oxidation and High-resolution transmission electron microscopy[END_REF][START_REF] Lapuerta | Effect of fuel on the soot nanostructure and consequences on loading and regeneration of diesel particulate filters[END_REF].

Many earlier works have also reported the FWHM of G and D bands and the D/G band intensity ratios (ID/IG) 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 ID/IG values indicates a decrease in order. It was also published that the ratios between D bands and G band areas (AD/AG) 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 filters[END_REF]. Since it is unclear which of these parameters should be used for Raman analysis, most of parameters are used here for comparison.

Table 5 lists spectroscopic parameters of different soot samples. For Printex U soot, it is observed that the activated soot samples (Printex U-500 and -600) exhibit an increased spectroscopic parameters including D and G band FWHM, ID/IG and AD/AG.

This result illustrates that the activated soot has higher disorder and more structural defects. Among these parameters, D1 band FWHM and AD1/AG values of the activated soot samples increase, but their ID1/IG 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 (ID3/IG) is associated with amorphous carbon or molecular carbon. The increase of ID3/IG value of the oxidized soot samples indicates an increase in molecular carbon. However, by comparison, the two activated Printex U samples (Printex U-500 and -600) show similar spectroscopic parameters, which seems to imply their similar structural features.

In the previous work [START_REF] Zhang | Structure-reactivity study of model and Biodiesel soot in model DPF regeneration conditions[END_REF], it has been proposed that the non-catalytic 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 an improved reactivity compared to raw sample, this well agrees with the Raman results.

Nonetheless, the similar Raman results of the two activated 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] Zhang | Structure-reactivity study of model and Biodiesel soot in model DPF regeneration conditions[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 5 that they have different structural features after activation compared with model soot Printex U. For B7 soot, as listed in Table 5, the activated soot B7-500 shows slightly decreased FWHM values, which appears to imply an increase in order. However, the ID/IG and AD/AG exhibit increased values, this seems to reveal an inverse result. It has been reported that D band FWHM and ID/IG 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, D1 and G band FWHM values as well as ID3/IG ratio are very similar with those of raw B7 sample. But other parameters especially for D2 band FWHM and ID2/IG exhibit an increased tend. It was reported that the ID2/IG 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 ID2/IG might indicate the decrease of graphitic carbon.

For B100 soot, it can be seen in Table 5 that B100-500 sample shows apparently decreased D1 and D2 bands FWHM but increased G band FWHM, ID/IG and AD/AG values compared to raw soot. In general, the intensity of G band, D1 and G band FWHM as well as ID1/IG 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 ID1/IG increase, this inversely indicates a decrease in order. Additionally, ID3/IG as important parameter is often used to evaluate the amorphous carbon content of soot.

The increase of ID3/IG implies an increase in amorphous carbon content. Plus the increased tend of AD1/AG and AD3/AG, these results may illustrate an increase in disorder for B100-500. In the case of B100-600, it can be observed in Table 5 that D1 and G band FWHM as well as AD3/AG exhibit higher values than both B100 and B100-500 samples, and ID1/IG, ID3/IG and AD1/AG 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 order to better observe the structural and morphology changes of soot after activation, the morphology and nanostructural properties of Printex U and B100 soot samples were characterized by HRTEM, and the results are shown in Fig. 10 and Fig.

HRTEM

11. In the case of Printex U soot, as shown in Fig. 10a, it exhibits turbostratic patterns and an onion-like structure, the "tight" fringe layers concentrically surround nucleus where the disordered carbon structure is observed. The raw Printex U also has a larger number of parallel stacked graphene layers with a larger thickness (about 19.5 nm) (Fig. 10b). This reveals a higher order for raw Printex U. Moreover, some edge defective sites are also observed in Fig. 10a. After the soot being activated, a decreased fringe-layer thickness can be clearly seen in Fig. 10c and d (about 11.5 nm for Printex U-500 and about 7.3 nm for Printex U-600). The result illustrates that the activation of Printex U decreases the degree of graphitization and Printex U-600 exhibits more apparent result. Besides, in 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 also confirmed that Printex U experienced an internal burning-out process during partial oxidation under O2 [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 O2-NO2 mixtures and temperatures[END_REF].

The B100 Biodiesel soot exhibits different structural and morphology changes after activation compared with Printex U. As shown in Fig. 11a 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 Fig. 11b. These results seem to illustrate that the real Bio soot has higher disorder and lower degree of graphitization than Printex U, which is also found in the previous work [START_REF] Zhang | Structure-reactivity study of model and Biodiesel soot in model DPF regeneration conditions[END_REF]. After partial oxidation, the activated samples B100-500 and B100-600 all show unclear fringe layers, especially for the edge area (red arrow). This might confirm that the activated samples become more disordered. In comparison in Fig. 11c, 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 Fig. 11d. Therefore, B100 soot tended to be oxidized through an external burning process during the activation [START_REF] Seong | Oxidation-derived maturing process of soot, dependent on O2-NO2 mixtures and temperatures[END_REF].

Moreover, 50 soot particles were used for nanoparticles size analysis for each sample and nanoparticle-size distribution is presented in Fig. S5. With the soot being activated, the nanoparticles sizes of Printex U and B100 tend to decrease. Thus, the activated soot presents a smaller mean particle size than raw soot. This observation was also 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 detected in O 1s spectra. Table 6 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] Zhang | Structure-reactivity study of model and Biodiesel soot in model DPF regeneration conditions[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. Thus, it shows higher structural disorder, this well agrees with the results of both Raman spectroscopy and HRTEM. The result is well correlated with the reactivity of the activated Printex U soot but not with that of the activated B100 soot (Table 1). 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 Fig. 13. According to the DRIFTS results and the previous reports [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][START_REF] Setiabudi | The role of NO2 and O2 in the accelerated combustion of soot in diesel exhaust gases[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][START_REF] Tapia | Chemical composition and heterogeneous reactivity of soot generated in the combustion of diesel and GTL (Gas-to-Liquid) fuels and amorphous carbon Printex U with NO2 and CF3COOH gases[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 around 1515 cm -1 . The stretching of C=O in lactones and carboxylic anhydrides can be observed at 1669 and 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 NOx species on catalytic oxidation of diesel soot with MnOx-CeO2 mixed oxides[END_REF].

XPS analysis

DRIFTS

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 H2O. 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 H2O 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 Fig. 13, 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 Fig. 13a, it can be seen that the IR result of Printex U-500 seems to be similar 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 Fig. 13b, 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 the 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] Lapuerta | Effect of fuel on the soot nanostructure and consequences on loading and regeneration of diesel particulate filters[END_REF][START_REF] Sadezky | Raman microspectroscopy of soot and related carbonaceous materials: spectral analysis and structural information[END_REF][START_REF] Vander Wal | Soot oxidation: dependence upon initial nanostructure[END_REF][START_REF] Boehman | Impact of biodiesel blending on diesel soot and the regeneration of particulate filters[END_REF][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 | 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 NOx species on catalytic oxidation of diesel soot with MnOx-CeO2 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 non-catalytic reactivity of different soot samples to surface functional groups characterized by DRIFTS measurements and confirmed an important role of the functionalization on the onset of soot combustion.

Fig. 6 and Fig. 7 reveal that all the activated Printex U and Biodiesel soot samples present an increase in particles aggregates size. The previous study has discussed the relationship between particles aggregates size and soot reactivity, being found that smaller particles aggregates are more reactive than larger ones [START_REF] Zhang | Structure-reactivity study of model and Biodiesel soot in model DPF regeneration conditions[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 O2 and NO + O2, 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 (Fig. 3), this may be attributed to the loss of smaller particles aggregates.

It was reported that high surface area of soot could benefit to improve its 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 activation of soot samples increases their specific surface area. Thus, the activated Printex U soot samples, especially for Printex U-600, show an apparent enhancement in both non-catalytic and catalytic reactivity. However, this is not evident for Bio soot samples in correlating surface area to their reactivity. On the contrary, in the case of isothermal reactions at 350 °C, the activated Bio soot samples exhibit an increase in their "final oxidation rate" under NO + O2 (Table 3), which can be well correlated with their increased surface area.

Raman spectroscopy is an important method to study nanostructural features of soot, D1 band FWHM and the relative intensity of D3 band (ID3/IG) were reported to be the main parameters to evaluate soot structure [START_REF] Knauer | Soot structure and reactivity analysis by Raman microspectroscopy, Temperature-Programmed Oxidation and High-resolution transmission electron microscopy[END_REF][START_REF] Lapuerta | Effect of fuel on the soot nanostructure and consequences on loading and regeneration of diesel particulate filters[END_REF]. Thus, Fig. 14 presents the correlation of the reactivities (Tm) of Printex U and B100 samples with structural features. For Printex U samples, as shown in Fig. 14, the two activated soot samples (Printex U-500 and -600) show similar and higher D1 band FWHM and ID3/IG ratios, revealing their increased disorder structure. However, the non-catalytic and catalytic reactivities of soot in O2 follow the order: Printex U-600 > Printex U-500 ≈ Printex U and the catalytic reactivity in NO + O2 follows the order: Printex U-600 > Printex U-500 > Printex U. This result cannot 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 (Fig. 15). The results can well agree with the catalytic reactivity in NO + O2. On the other hand, Fig. 15 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 non-catalytic and catalytic reactivities of soot in O2.

In the case of B100 soot samples, as shown in Fig. 14 and Fig. 15, it can be known that the non-catalytic reactivity in O2 follows the order: B100 ≈ B100-500 < B100-600 and the catalytic reactivities in both O2 and NO + O2 follow the order: B100-500 < B100 ≈ B100-600. It is also observed in Fig. 14 that B100-500 shows lower D1 FWHM value than B100 and B100-600, indicating an increase in graphitic order, which seems to be correlated to the catalytic reactivity. The ID3/IG 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 cannot 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 the raw B100. In Fig. 15, 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 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 O2, the soot oxidation rates of raw and activated Printex U and B100 follow the order: Printex U (0.0082 µmolsoot/s/gcat.) ≈ Printex U-500 (0.0082 µmolsoot/s/gcat.) < Printex U-600 (0.0538 µmolsoot/s/gcat.) and B100 (0.0814 µmolsoot/s/gcat.) > B100-500 (0.0243 µmolsoot/s/gcat.) ≈ B100-600 (0.0243 µmolsoot/s/gcat.), respectively. However, under NO + O2, 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 + O2 can be well correlated to HRTEM and XPS results. Moreover, some authors tried to link the nanostructure characterized by Raman to soot oxidative reactivity and found there was no an apparent relationship between the reactivity and Raman results [START_REF] Zhang | Structure-reactivity study of model and Biodiesel soot in model DPF regeneration conditions[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] Knauer | Soot structure and reactivity analysis by Raman microspectroscopy, Temperature-Programmed Oxidation and High-resolution transmission electron microscopy[END_REF][START_REF] Lapuerta | Effect of fuel on the soot nanostructure and consequences on loading and regeneration of diesel 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].

It was also reported that the reactivity of soot is not only related to the nanostructure but to soot composition [START_REF] Lu | Size-resolved volatility, morphology, nanostructure, and oxidation characteristics of diesel particulate[END_REF][START_REF] Valero-Romero | Role of surface phosphorus complexes on the oxidation of porous carbons[END_REF][START_REF] Bladt | Impact of Fe content in laboratory-produced soot aerosol on its composition, structure, and thermo-chemical properties[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][START_REF] Tapia | Chemical composition and heterogeneous reactivity of soot generated in the combustion of diesel and GTL (Gas-to-Liquid) fuels and amorphous carbon Printex U with NO2 and CF3COOH gases[END_REF]. Thus, a co-influence of various factors should be considered in analyzing soot oxidative reactivity.

Besides, in real applications of aftertreatment technology, the activation of Diesel engines. This would require to select more suitable model soot in experimental studies.

Furthermore, this work also reveals that the activation of soot is an important factor that affects DPF regeneration. Thus, the changes in soot structure and surface during soot combustion should be also concerned in future study.

Conclusions

The present work studied and compared the structure, surface and reactivity of the activated Printex U model and real Bio soot samples through a series of characterizations and TPO measurements. In the case of model soot Printex U, it was confirmed that the activated samples exhibited an apparently increased reactivity especially under NO + O2. The result should be related to their higher surface area, higher disorder structure, increased surface oxygen content and surface functional groups, determined by BET, Raman, HRTEM, XPS and DRIFTS. On the other hand, after the activation of real Bio soot, TPO results revealed that there was no an obvious enhancement in the reactivity and even the ignition (Ti) occurred at higher temperature. This could not well correlated with the structure and surface evolving towards higher disorder and oxygen content. However, the isothermal reactions under 

  Thus, the present work aims to investigate the influence of soot activation on non-catalytic and catalytic reactivity, determined by Temperature-programmed Oxidation (TPO) tests, and structural and surface properties, characterized by BET, Raman spectra, HRTEM, Diffuse Reflectance Infrared Fourier Transform Spectra (DRIFTS) and XPS. The real Biodiesel and Biodiesel-Diesel blend soot samples generated on a real Diesel engine bench were used in this work. Printex U (Degussa) as a model soot has been widely used for experimental work. So its activation was also studied and compared with real Bio soot.

Fig. 1 .

 1 Fig. 1. Soot conversion in TPO under 9% b.v. O2/Ar at a heating rate of 10 °C/min.
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Fig. 3 .

 3 Fig. 3. The first and second TPO profiles of raw Printex U (a), B7 (b) and B100 (c) samples.

Fig. 4 .

 4 Fig. 4. Catalytic reactivities of Printex U (a), B7 (b) and B100 (c) samples under 400 ppm NO + 9% O2/Ar. Reaction conditions: soot mass is 2.0 mg, catalyst mass is 20.0 mg, soot and catalyst were mixed by loose contact and then diluted by 80 mg SiC, the flow rate is 250 ml/min, heating rate is 10 °C/min.

Fig. 5 .

 5 Fig. 5. Isothermal catalytic reaction at 350 °C in 9% O2/Ar (a, c, e) and 400 ppm NO + 9% O2/Ar (b, d, f). 2 mg soot and 20.0 mg catalyst were mixed by loose contact, 80 mg SiC pellets were used for dilution, the flow rate is 250 ml/min.

Fig. 6 .

 6 Fig. 6. Particles aggregates size distribution of Printex U (a) and B100 (b) samples.

Fig. 7 .

 7 Fig. 7. Mean size of particles aggregates of different soot samples.

Fig. 6

 6 Fig. 6 presents the size distributions of particles aggregates of raw and activated Printex U and B100 samples. It can be clearly seen that the activated soot samples show different size distribution profiles compared to raw soot. For the two soot
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 89 Fig. 8. Raman spectra of raw and partially oxidized Printex U (a), B7 (b) and B100 (c) samples.

Fig. 10 .

 10 Fig. 10. HRTEM images of Printex U (a, b), Printex U-500 (c) and Printex U-600 (d).

Fig. 11 .

 11 Fig. 11. HRTEM images of B100 (a, b), B100-500 (c) and B100-600 (d).

Fig. 12 .

 12 Fig. 12. XP spectra of C1s, O1s of the raw Printex U and B100 samples.

Fig. 12

 12 Fig. 12 presents the XP spectra of the raw Printex U and B100 samples in the C 1s and O 1s energy regions, and those of the activated soot samples are shown in Fig. S6 and Fig. S7. 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 detected in

Fig. 13 .

 13 Fig. 13. DRIFTS results of Printex U and B100 samples.

Fig. 14 .Fig. 15 .

 1415 Fig. 14. Correlation of the non-catalytic and catalytic reactivities of Printex U and B100 with Raman parameters including D1 band FWHM and ID3/IG.

  soot by partial oxidation with O2 will take place during soot accumulation and DPF regeneration. The activating process influencing physicochemical properties and the reactivity of soot should be studied, because this is very useful for understanding DPF regeneration and optimizing aftertreatment technology. This study gives valuable findings on the changes in the structure, surface and non-catalytic/catalytic reactivity of Printex U model and real Bio soot before and after the activation. In comparison, the two types of soot show different changing trends. Many researchers often use Printex U model to investigate the oxidative reactivity of Diesel soot, this might not confirm the real case of the combustion of Diesel soot produced from vehicles'

  NO + O2 had a good correlation with the structure and surface. Besides, HRTEM indicated different oxidation routes of Printex U and Biodiesel soot. An important finding in this work is to reveal the impact of the activation during soot accumulation and DPF regeneration on the structure, surface and reactivity of Diesel soot, and present the different trends of model and real Bio soot. It will provide some important information in understanding and optimizing DPF regeneration.

Table 1 .

 1 Ti and Tm values of TPOs with different soot samples.

	3.1.1. TPOs in O2

Fig. 2. Non-catalytic (a, c, e) and catalytic (b, d, f) reactivities of raw and oxidized soot samples a The values were obtained without catalyst.

Table 3 .

 3 The results of isothermal reaction at 350 °C.

		9% O2	400 ppm NO + 9% O2
	Soot sample	Initial oxidation rate	Final oxidation rate	Initial oxidation rate	Final oxidation rate
		(µmolsoot/s/gcat.)	(µmolsoot/s/gcat.)	(µmolsoot/s/gcat.)	(µmolsoot/s/gcat.)
	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 . 4

 . . Textual properties of raw and activated soot samples

	Soot sample	SBET (m 2 /g) a	Mean pore size R (nm) a	Pore volume Vp (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 4

 4 lists the values of special surface area (SBET), mean pore size (R) and pore volume (Vp) of the raw and activated soot samples. The activation of raw soot significantly increases the surface area and decreases the mean pore size. This illustrates that the activation process results in a modification of textural property of soot. For Printex U samples, Printex U-500 shows a slight increase in SBET and R, while Printex U-600 has a sharp increase in SBET and a decrease in R. The pore volume (Vp) of Printex U also exhibits an increased trend after the activation. For real Bio soot B7 and B100, a similar change in SBET and R with Printex U can be observed after activation, but one different point is that Vp values of B7-600 and B100-500

Table 5 .

 5 Raman results of soot samples.

	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
	415						

414 Sample FWHMD1/cm -1 FWHMD2/cm -1 FWHMG/cm -1 ID1/IG ID2/IG ID3/IG AD1/AG AD3/AG

Table 6 .

 6 XPS results of Printex U and B100 samples.

	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