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Introduction

The growing of population and the development of economics in the world have intensified the use of fossil fuels during the last decades, increasing the amount of greenhouse gases in the atmosphere. Because of the climate change and the fuel demand increase, it is necessary to implement technologies for the production of carbon-neutral fuels by using renewable resources [START_REF] Jiang | Turning carbon dioxide into fuel[END_REF].

The biogas generated from biomass residues is a renewable source of CH4 and CO2 that can be used as feedstock to produce liquid fuels or high value-added products [START_REF] Yang | Progress and perspectives in converting biogas to transportation fuels[END_REF]. The process consists in the formation of syngas and its utilization on Fischer-Tropsch reaction [START_REF] Srinivas | Fischer-Tropsch synthesis using bio-syngas and CO2[END_REF]. However, the industrial process to produce syngas is the steam reforming of methane that requires to remove CO2 from the biogas in order to obtain biomethane. Then, the dry reforming of methane (DRM) could be interesting in the economic and environmental point, generating syngas from biogas without greenhouse gases emission. The use of supported catalysts have been extensively studied for this reaction during the last years [START_REF] Rostrup-Nielsen | CO2 Reforming of Methane over Transition Metals[END_REF][START_REF] Abdullah | Recent advances in dry reforming of methane over Ni-based catalysts[END_REF][START_REF] Aramouni | Catalyst design for dry reforming of methane: Analysis review[END_REF]. Pt-based catalysts present high activity for the DRM [START_REF] Pompeo | Study of Ni and Pt catalysts supported on α-Al2O3 and ZrO2 applied in methane reforming with CO2[END_REF][START_REF] Pakhare | A review of dry (CO2) reforming of methane over noble metal catalysts[END_REF], due to its capability to cleave the C-H bond at elevated temperature [START_REF] Zhang | Pt-based core-shell nanocatalysts with enhanced activity and stability CO oxidation[END_REF][START_REF] Zhou | Thermally Stable Pt/CeO2 Hetero-Nanocomposites with High Catalytic Activity[END_REF]. However, the main drawback to scale-up the DRM is the deactivation by sintering or carbon formation on the catalyst. The DRM is a highly endothermic reaction (ΔH° = 247 kJ/mol) and the high temperature favors the metal sintering over the catalyst surface, decreasing its activity and favoring the CH4 decomposition, which is the first step of the deactivation by carbon formation [START_REF] Rostrup-Nielsen | Coking on nickel catalysts for steam reforming of hydrocarbons[END_REF]. Therefore, there are two main characteristics for a good reforming catalyst: (i) resistant to sintering at high temperature, (ii) good oxygen mobility in the support.

Different techniques have been used to increase the metal-support interaction, leading to the formation of small metal nanoparticles at high temperature [START_REF] Li | Design of highly stable and selective core/yolk-shell nanocatalysts-A review[END_REF]. Bakhmutsky et al. [START_REF] Bakhmutsky | A versatile route to core-shell catalysts: synthesis of dispersible M@oxide (M=Pd, Pt; oxide=TiO2, ZrO2) nanostructures by self-assembly[END_REF] prepared Pt@oxide (CeO2, TiO2 and ZrO2) by self-assembly method to synthetize core-shell structures. They observed an increase in the interaction between metal and oxide. The same method was used in other publications [START_REF] Cargnello | Synthesis of dispersible Pd@CeO(2) core-shell nanostructures by self-assembly[END_REF][START_REF] Mo | Highly dispersed supported metal catalysts prepared via in-situ self-assembled core-shell precursor route[END_REF][START_REF] Chen | High-temperature calcination improves the catalytic properties of alumina-supported Pd@ceria prepared by self-assembly[END_REF], but the process demands many steps, decreasing the yield and increasing the synthesis cost.

The support is of major importance to provide active sites for CO2 dissociation and to enhance the carbon gasification on the metal, promoting the carbon removal mechanism. The use of redox supports, such as CeO2, have been studied in many reactions which required high oxygen vacancies [START_REF] Wang | Ceria-based Catalysts for the Production of H2 Through the Water-gas-shift Reaction: Time-resolved XRD and XAFS Studies[END_REF][START_REF] Faria | Hydrogen production through CO2reforming of methane over Ni/CeZrO2/Al2O3 catalysts[END_REF]. Furthermore, the use of transition metals as dopants promotes the oxygen mobility, permitting the participation of bulk oxygen species in the process. Fonseca et al. [START_REF] Da Fonseca | Study the effect of Gd-doping ceria on the performance of Pt/GdCeO2/Al2O3 catalysts for the dry reforming of methane[END_REF] reported the impact of the presence of mixed oxide by studying the behavior of Pt/Al2O3 and Pt/CexGd1-xO2/Al2O3 in the dry reforming of methane. The formation of high amount of carbon observed on Pt/Al2O3 was avoided for Pt/Ce0.8Gd0.2O2 due to the presence of oxygen vacancies generated by the Ce 4+ reduction. Some publications report ZrO2 as a good dopant due its high solubility into ceria structure generating oxygen vacancies and improving the thermal stability [START_REF] Faria | Hydrogen production through CO2reforming of methane over Ni/CeZrO2/Al2O3 catalysts[END_REF][START_REF] Bedrane | Investigation of the oxygen storage process on ceria-and ceria-zirconia-supported catalysts[END_REF][START_REF] Silva | Effect of Ce/Zr ratio on the performance of Pt/CeZrO2/Al2O3 catalysts for methane partial oxidation[END_REF][START_REF] Wolfbeisser | Methane dry reforming over ceria-zirconia supported Ni catalysts[END_REF].

The use of CeO2 in a core-shell structure has been studied [START_REF] Cargnello | Synthesis of dispersible Pd@CeO(2) core-shell nanostructures by self-assembly[END_REF][START_REF] Wang | l-Arginine-Triggered Self-Assembly of CeO2 Nanosheaths on Palladium Nanoparticles in Water[END_REF][START_REF] Wang | Pt@CeO2 multicore@shell self-assembled nanospheres: clean synthesis, structure optimization, and catalytic applications[END_REF], but the methods to prepare this type of catalyst are quite complex as described before. Recently, our group has synthetized Ni@CeO2 and Ni@CeZrO2 catalysts based on a simple sol-gel method for application in the DRM reaction [START_REF] Marinho | Embedded Ni nanoparticles in CeZrO2 as stable catalyst for dry reforming of methane[END_REF]. Microscopy images showed the formation of Ni nanoparticles embedded into CeO2 or CeZrO2 matrix and the core-shell structure improved the amount of lattice oxygen and resistance to sintering, promoting the catalyst stability during DRM reaction. Therefore, the presence of metal into ceria structure can lead to high resistance to sintering and coke formation. To the best of our knowledge, a simple synthesis procedure to obtain Pt embedded in ceria bulk in a configuration similar to a core-shell catalyst was never reported in the literature for application in reforming reactions.

In this work, we studied Pt-embedded CeO2 catalysts prepared by a simple onestep synthesis based on sol-gel method, in comparison to Pt/CeO2 catalyst prepared by traditional impregnation in the DRM reaction. The doping of CeO2 with Zr was also evaluated in the embedded structure. The objective of this work is to evaluate the embedded effect over oxygen mobility to understand the differences between the carbon removal mechanism in the two structures. The characterization of the samples was performed by N2 physisorption, Transmission Electron Microscopy and Raman spectroscopy. The ceria reducibility and oxygen mobility were analyzed by Temperature-Programmed reduction and Isotopic Oxygen Exchange. The carbon formation was analyzed by Temperature-Programmed Oxidation. The carbon removal mechanism with focus on oxygen mobility and adsorbed species during reaction conditions was investigated by using Oxygen Isotopic Exchange and in-situ Diffuse Reflectance for Infrared Fourier Transform Spectroscopy.

Experimental

Catalyst preparation

The catalysts were prepared according to the procedure described elsewhere [START_REF] Marinho | Embedded Ni nanoparticles in CeZrO2 as stable catalyst for dry reforming of methane[END_REF].

Cerium nitrate hexahydrate (Sigma-Aldrich) was dissolved in 25 mL of water (1.7 mol/L) and then 2.0 mL of H2PtCl6 solution (8 wt% Sigma-Aldrich) was added to obtain 1 wt% of Pt in the catalyst. Another solution of citric acid (Sigma-Aldrich) was prepared separately (6.7 mol/L, 25 mL) and mixed with the first one. The amount of citric acid was calculated in order to obtain a citric acid / metal molar ratio equal to 1.0. The final solution was stirred for 2 hours at room temperature and the solvent was removed under vacuum (65 mmHg) at 70 °C. The gel formed was dried at 100 °C overnight and the resulting powder was calcined in a muffle furnace following the steps: (i) 2 hours at 300 °C (1 °C/min); (ii) 4 hours at 400 °C (1 °C/min). This catalyst was designed as Pt@CeO2. The same procedure was used for the synthesis of the zirconia-doped ceria catalyst (Pt@CeZrO2), with the addition of appropriate amount of zirconyl nitrate (Sigma-Aldrich) at the metal solution in order to obtain a Ce/Zr molar ratio of 4.0.

Pt/CeO2 catalyst was prepared by incipient wetness impregnation of CeO2 support with an aqueous solution containing H2PtCl6 (8 wt% Sigma-Aldrich) for comparison.

CeO2 support was synthesized as previously described for Pt@CeO2 but without the addition of Pt precursor. The catalyst was dried at 100 °C overnight and calcined at 400 °C (10 °C/min).

Catalyst Characterization

The catalysts chemical composition was determined by inductively coupled plasma optical emission spectrometry (ICP-OES), using a mixture of HNO3 and HCl to dissolve the samples. The analysis was performed in a PerkinElmer Optima 2000 DV instrument.

The BET surface area was measured by N2 physisorption at -196 °C. The experiment was carried out in a TRISTAR 3000 Micromeritics instrument. Before the analysis, the samples (200 mg) were degassed under vacuum at 250 °C overnight.

Transmission Electron Microscopy (TEM) was performed in a JEOL 2100 UHR apparatus, equipped with a LaB6 filament. The X-rays emitted from the samples were collected in the range of 0-20 keV. The samples were previously ex-situ reduced under pure H2 (30 mL/min) from room temperature to 800 °C and remained at the final temperature for 1 h. The reduced samples were stored in a glove box under inert atmosphere prior the analysis.

Raman spectroscopy was employed to investigate the ceria structure of the calcined samples in a Raman Horiba Jobin Yvon spectrometer using a He:Ne laser (632 nm).

Temperature-Programmed Reduction (TPR) analysis was performed in an apparatus equipped with a thermal conductivity detector (TCD). Samples (150 mg) were pretreated under synthetic air (21 % O2/N2, 30 mL/min) at 400 °C for 1 hour and cooled down to room temperature. Then, the samples were exposed to 3 pulses of 1.53 % H2/Ar flow to monitor the reduction at room temperature. Then, experiment proceeded by heating the sample from room temperature up to 800 °C (5 °C/min), keeping it at 800 °C for 1 hour under H2/Ar mixture.

Oxygen Isotopic Exchange measurements were performed in a closed recycling system connected to a mass spectrometer (Pfeiffer Vacuum) and a vacuum pump. Before each analysis, the samples (20 mg) were pretreated under 16 (100 mL/min) on the sample for 20 minutes. Spectra were obtained on the basis of 30 scans and with a resolution of 4 cm -1 in the range of 1200-4000 cm -1 .

Dry reforming of methane reaction

The experiments were carried out in a fixed-bed quartz reactor at atmospheric pressure. The samples (40 mg) were diluted with SiC (SiC mass/catalyst mass ratio=1.5)

to avoid hot spot or temperature gradients. Samples were in-situ reduced under pure H2 (30 mL/min) at 800 °C for 1 h and purged under He at the same temperature for 30 min.

The reaction mixture with a CH4:CO2 molar ratio equal to 1.0 or 1.5 (100 mL/min) was used. Long-term tests were performed at 800 °C with W/F = 0.4 gcat.min/L. The composition of exit gas was analyzed by gas chromatography (Agilent 6980) equipped with a thermal conductivity detector and Carboxen 1010 column (Supelco). The conversion of CH4 (Eq. 4) and CO2 (Eq. 5) were calculated by the following equations using a previous external calibration with well-known mixtures of H2/CO/CH4/CO2 in the setup:

X CH 4 = (n CH 4 ) feed -(n CH 4 ) exit (n CH 4 ) feed x 100 (4) 
X CO 2 = (n CO 2 ) feed -(n CO 2 ) exit (n CO 2 ) feed x 100 (5)

Post-reaction analysis

Temperature-Programmed Oxidation (TPO) technique was used to estimate the amount of carbon formed on the post-reaction samples. Samples were pretreated at 200 °C for 1 hour and then heated (10 °C/min) from room temperature up to 900 °C. By using a mass spectrometer, we followed the m/z signal = 44 ascribed to CO2 released from carbon oxidation during the experiment. Carbon formed during the catalytic tests was estimated from quantification of the released CO2 in the TPO experiment. The mass spectrometer was previously calibrated with CO2 pulses.

Results and discussion

Catalyst Characterization

The results of catalyst chemical composition reported in Table 1 indicate that experimental values for Pt loading and Ce/Zr molar ratio are similar to the nominal content (i.e., 1 wt% Pt and Ce/Zr = 4.0). All calcined catalysts exhibited approximately the same BET surface area, which is expected since the synthesis procedure of the support was the same for all samples. The addition of Zr did not improve BET surface area when the catalyst was submitted to calcination at 400 °C. However, Pt/CeO2 and Pt@CeO2 showed remarkable decrease in the surface area after reduction at 800 ºC (< 10 m 2 /g), which is associated with CeO2 sintering at high temperature [START_REF] Ay | Dry reforming of methane over CeO2 supported Ni, Co and Ni-Co catalysts[END_REF][START_REF] Li | Tuning the catalytic performance of Ni-catalysed dry reforming of methane and carbon deposition via Ni-CeO2-x interaction[END_REF]. On the other hand, Pt@CeZrO2 catalyst underwent lower decrease in surface area than ceria supported catalysts, suggesting that Zr enhanced the thermal stability of ceria. This is likely due to the formation of a CeZrO2 solid solution [START_REF] Hori | Thermal stability of oxygen storage properties in a mixed CeO2-ZrO2 system[END_REF], which minimizes ceria sintering and reduces the loss of surface area at high temperature.

Table 1. Chemical composition and BET surface area of calcined and reduced samples.

Catalyst Pt (%)

Ce/Zr molar ratio BET Surface Area (m 2 /g)

Calcined Reduced

Pt/CeO2 0.9 ---47 < 10

Pt@CeO2 0.8 ---51 < 10

Pt@CeZrO2 0.8 4.3 49 22 TEM images of Pt/CeO2, Pt@CeO2 and Pt@CeZrO2 catalysts after reduction at 800 ºC are shown in Fig. 1. In spite of the very low surface area, all ceria supported catalysts have very small Pt particles (2-5 nm for Pt/CeO2; and 2-6 nm for Pt@CeO2 and Pt@CeZrO2), regardless the synthesis procedure (impregnation and sol-gel methods).

This result reveals that all catalysts presented a high resistance against Pt sintering.

However, there is a difference in terms of Pt shape: the embedded structures presented the formation of more spherical particles, while the impregnated structure favored the tetrahedral Pt shape. According to the literature [START_REF] Narayanan | Changing Catalytic Activity during Colloidal Platinum Due to Shape Changes: Electron-Transfer Reaction[END_REF], the tetrahedral shape is more active compared to spherical shape, which may result in higher CH4 dissociation rates and faster coke formation, slowing the carbon removal in turn. The tetrahedral shape has the (111) facet as abundant facet-exposed [START_REF] Narayanan | Changing Catalytic Activity during Colloidal Platinum Due to Shape Changes: Electron-Transfer Reaction[END_REF], while the spherical shape exposes the (111) and

(100) facets. Therefore, the predominance of (111) facets can promote the unbalance between CH4 dissociation and carbon gasification, favoring carbon formation over the catalyst. Kondo et al. [START_REF] Kondo | Platinum Nanoparticle-embedded Porous Diamond Spherical Particles as an Active and Stable Heterogeneous Catalyst[END_REF] using TEM analysis for platinum-based embedded catalyst also observed the formation of spherical Pt nanoparticles. Therefore, the metal encapsulation seems to promote the formation of spherical nanoparticles. Since all catalysts present similar Pt particle sizes, its effect on the carbon formation is the same for them. It allows us to understand the effects of Pt embedded particles in the carbon removal mechanism in terms of only oxygen mobility.

The Raman spectra of the calcined samples are shown in Fig. 2. The spectrum of CeO2 support is also presented for comparison. The CeO2 support exhibits only one intense band at 462 cm -1 assigned to the symmetrical stretching mode between the eight oxygen atoms bound to the cerium atom in the triple degenerate F2g mode. The addition of Pt over CeO2 by impregnation or sol-gel procedures does not affect the spectra of Pt/CeO2 and Pt@CeO2, respectively, in comparison to the support, indicating the same ceria structure for these catalysts. The Pt@CeZrO2 sample presents a shift in the frequency of the first-order F2g peak to higher value (469 cm -1 ) and a shoulder between 500-550 cm -1 , indicating the formation of oxygen vacancies. Moreover, it is observed a band at 224 cm -1 ascribed to second-order transverse acoustic mode (2TA) [START_REF] Nakajima | Defect-induced Raman spectra in doped CeO2[END_REF].

Therefore, the addition of Zr occurs into ceria lattice, leading to the formation of CeZrO2 solid solution. TPR profiles are shown in Figs. 3 and4. Before heating the samples, the H2/Ar mixture was admitted in the reactor and the TCD signal was monitored until its return to baseline in order to determine the H2 consumption at room temperature. For the Pt/CeO2 catalyst, the TCD signal rapidly returned to the baseline and only one peak is detected, which corresponds to the dead volume of the reactor. After heating, the reduction of Pt/CeO2 catalyst is characterized by an intense peak at 256 °C followed by a hydrogen consumption between 350 -600°C. The intense peak can be attributed to Pt oxide reduction interacting with CeO2 surface [START_REF] Vita | Hydrogen-rich gas production by steam reforming of n-dodecane: Part I: Catalytic activity of Pt/CeO2 catalysts in optimized bed configuration[END_REF][START_REF] Pino | A comparative study of Pt/CeO2 catalysts for catalytic partial oxidation of methane to syngas for application in fuel cell electric vehicles[END_REF][START_REF] Lee | How Pt Interacts with CeO2 under the Reducing and Oxidizing Environments at Elevated Temperature: The Origin of Improved Thermal Stability of Pt/CeO2 Compared to CeO2[END_REF]. The H2 uptake related to this peak is 615 μmol/gcat (Table 2), which is higher than the theoretical H2 consumption required to total Pt oxide reduction (i.e. PtO2/Pt 0 = 103 μmol/gcat), indicating that ceria was also reduced in this range of temperature due to the H2 spillover effect [START_REF] Damyanova | The effect of CeO2 on the surface and catalytic properties of Pt/CeO2-ZrO2 catalysts for methane dry reforming[END_REF][START_REF] Jacobs | Low Temperature Water-Gas Shift: Role of Pretreatment on Formation of Surface Carbonates and Formates[END_REF]. H2 reduces Pt oxides species but upon dissociating on the metal, hydrogen also spills onto ceria surface which promotes the release of active oxygen close to Pt-CeO2 interface by reducing ceria as well [START_REF] Rocchini | Reduction and Oxygen Behavior of Noble Metals Supported on Silica-Doped Ceria[END_REF][START_REF] Golunski | Origins of low-temperature three-way activity in Pt/CeO2[END_REF]. The hydrogen uptake between 350 -600 °C corresponds to the reduction of superficial ceria without interaction with Pt. Finally, a reduction peak appears at 800 °C corresponding to ceria bulk reduction.

The embedded Pt@CeO2 and Pt@CeZrO2 catalysts exhibited the peak corresponding to the dead volume of the reactor at room temperature, as well as a broad peak, indicating the consumption of H2 from gas phase in these two catalysts. The H2 uptake observed for both embedded catalysts (Pt@CeO2 = 1092 μmol H2/gcat and Pt@CeZrO2 = 983 μmol H2/gcat) was higher than the theoretical H2 required to total Pt oxide reduction (i.e. PtO2/Pt 0 = 103 μmol/gcat). This suggests the reduction of CeO2

promoted by the spillover of hydrogen from the metal surface. Some authors reported the reduction of Pt-based catalyst at sub-ambient temperature [START_REF] Vita | Hydrogen-rich gas production by steam reforming of n-dodecane: Part I: Catalytic activity of Pt/CeO2 catalysts in optimized bed configuration[END_REF][START_REF] Pino | A comparative study of Pt/CeO2 catalysts for catalytic partial oxidation of methane to syngas for application in fuel cell electric vehicles[END_REF][START_REF] Park | Temperature programmed reduction and re-oxidation of platinum in y-zeolites[END_REF][START_REF] Liotta | Influence of the SMSI effect on the catalytic activity of a Pt(1%)/Ce0.6Zr0.4O2 catalyst: SAXS, XRD, XPS and TPR investigations[END_REF][START_REF] Mccabe | The passivating oxidation of platinum[END_REF][START_REF] Bond | A study of EUROPT-1 by temperature-programmed reduction[END_REF][START_REF] Mukri | Platinum Ion-Doped TiO2: High Catalytic Activity of Pt 2+ with Oxide Ion Vacancy in Ti 4+ 1-xPt 2+ xO2-x Compared to Pt 4+ without Oxide Ion Vacancy in Ti 4+ 1-xPt 4+ xO2[END_REF]. Peak at subambient temperature were obtained on the TPR profiles for Ti1-xPtxO [START_REF] Mukri | Platinum Ion-Doped TiO2: High Catalytic Activity of Pt 2+ with Oxide Ion Vacancy in Ti 4+ 1-xPt 2+ xO2-x Compared to Pt 4+ without Oxide Ion Vacancy in Ti 4+ 1-xPt 4+ xO2[END_REF], Pt/SiO2 [START_REF] Mccabe | The passivating oxidation of platinum[END_REF],

Pt/Al2O3 [START_REF] Mccabe | The passivating oxidation of platinum[END_REF] and Pt/CeO2 [START_REF] Vita | Hydrogen-rich gas production by steam reforming of n-dodecane: Part I: Catalytic activity of Pt/CeO2 catalysts in optimized bed configuration[END_REF][START_REF] Pino | A comparative study of Pt/CeO2 catalysts for catalytic partial oxidation of methane to syngas for application in fuel cell electric vehicles[END_REF] catalysts , which was associated with the reduction of Pt 4+ to Pt 0 isolated particles. [START_REF] Pino | A comparative study of Pt/CeO2 catalysts for catalytic partial oxidation of methane to syngas for application in fuel cell electric vehicles[END_REF] observed a reduction peak at -30 °C for the Pt/CeO2 catalyst prepared by combustion method. In their work, this reduction at low temperature was attributed to the interaction of Pt with ceria, which was promoted by the synthesis procedure. Therefore, the reduction at room temperature observed for both embedded catalysts can be correlated to the reduction of isolated Pt oxides nanoparticles embedded into ceria structure.

The TPR profiles of both embedded catalysts are similar with a small desorption peak at around 51 °C and weak peak at 60 °C. However, there is no peaks above 50 °C, since all Pt oxide was already reduced at room temperature. In addition, Pt@CeO2 catalyst also presented a broad H2 uptake at high temperature (above 700 ºC) ascribed to ceria bulk reduction, whereas Pt@CeZrO2 did not show any relevant reduction peak at the entire range of temperature. This result indicates that doping of ceria with Zr promoted the mobility of oxygen from the bulk to surface during the process of oxygen release [START_REF] Silva | Effect of Ce/Zr ratio on the performance of Pt/CeZrO2/Al2O3 catalysts for methane partial oxidation[END_REF][START_REF] Hori | Thermal stability of oxygen storage properties in a mixed CeO2-ZrO2 system[END_REF][START_REF] Mattos | Partial oxidation of methane on Pt/Ce-ZrO2 catalysts[END_REF][START_REF] Fornasiero | Rh-Loaded CeO2-ZrO2 Solid-Solutions as Highly Efficient Oxygen Exchangers: Dependence of the Reduction Behavior and the Oxygen Storage Capacity on the Structural-Properties[END_REF]. The H2 uptake and CeO2 reduction degree were determined by considering three regions of temperatures: room temperature, below 500 °C and above 500 °C. The results are presented in Table 2. The Pt@CeO2 and Pt@CeZrO2 catalysts exhibited a higher H2 uptake, mainly at room temperature. The Pt/CeO2 catalyst is harder to reduce compared to embedded catalysts. The data shows the difficulty of the metal to activate the H2 over its surface and it suggests that this metal can have some particularity in its boundary. The formation of isolated nanoparticles of Pt oxides into embedded structure promotes a higher contact area between Pt and CeO2 that favors the process of release oxygen from ceria structure, increasing ceria reducibility. The literature reports that the interaction between noble metals and ceria can increase the spillover effect [START_REF] Vayssilov | Support nanostructure boosts oxygen transfer to catalytically active platinum nanoparticles[END_REF][START_REF] Varga | Probing the of Rh, Co and bimetallic Rh-Co nanoparticles with the CeO2 support: catalytic materials for alternative energy generation[END_REF]. Ali et al. [START_REF] Ali | Synthesis, characterization and performance of Pd-based core-shell methane oxidation nanocatalysts[END_REF] showed that the high activity of Pd@CeO2.SiO2.Al2O3 in the methane oxidation reaction is ascribed to the intimate interaction between the noble metal and ceria, resulting in an efficient oxygen spillover in the metal-ceria interface. Similar conclusion was addressed by Wang et al. [START_REF] Wang | Pt@CeO2 multicore@shell self-assembled nanospheres: clean synthesis, structure optimization, and catalytic applications[END_REF] by comparing the Pt@CeO2 catalyst with a physical mixture of Pt nanoparticles and CeO2. The authors observed a high CO oxidation activity and stability for Pt@CeO2 due to the stronger interaction between Pt and CeO2 in the core-shell structure as a consequence of the higher metal-support contact area.

Therefore, the formation of embedded structure enhanced the extent of ceria reduction, promoting the creation of oxygen vacancies in the material during reduction of active phase. Pt@CeZrO2 983 ------20

The TPOIE curves (Fig. 5) reveal that the embedded structure has a great influence in the oxygen exchange process, decreasing the initial temperature to begin the exchange.

Oxygen exchange activity for Pt/CeO2 catalyst begins at 380 °C (Ne = 29 x 10 20 at.g -1 at 500 °C). The embedded Pt@CeO2 catalyst presents lower initial temperature of exchange (360 °C) and the Ne at 500 °C is higher than the calculated for Pt/CeO2 (Ne = 33 x 10 20 at.g -1 ). Doping CeO2 with Zr decreased the temperature to oxygen exchange (300 °C) and increased the value of Ne for all range of temperature (Ne = 38 x 10 20 at.g -1 ). All the catalysts showed similar isotopomer distribution during the experiment, indicating the occurrence of both simple and multiple heterolytic exchange mechanisms [START_REF] Madier | Oxygen Mobility in CeO2 and CexZr(1-x)O2 Compounds: Study by CO Transient Oxidation and 18 O/ 16 O Isotopic Exchange[END_REF]. 3). Moreover, the participation of oxygen species from bulk phase enhances the value of Ne in the Pt@CeZrO2 catalyst. At 500 °C the equilibrium is rapidly reached and the O atoms exchanged will be similar for all catalysts. 

DRM reaction

The stability tests were performed with a CH4/CO2 molar ratio of 1.0 and 1.5, simulating a real biogas during 24 hours at 800 °C. Fig. 7 shows the conversion of CH4 and CO2 during time on stream (TOS) for all catalysts. The results revealed that all catalysts were quite stable during the reaction, even under high CH4/CO2 molar of 1.5, and there are not huge modifications in terms of conversion. CH4 and CO2 conversions presented similar behavior for all catalysts, and there is no deactivation process apparently, indicating that both structures were stable during TOS. The CO2 conversion was higher than the CH4 conversion for all tests, with a H2/CO molar ratio lower than 1.0, which indicates the occurrence of the Reverse Water Gas-Shift Reaction (RWGS) [START_REF] Faria | Hydrogen production through CO2reforming of methane over Ni/CeZrO2/Al2O3 catalysts[END_REF][START_REF] Da Fonseca | Study the effect of Gd-doping ceria on the performance of Pt/GdCeO2/Al2O3 catalysts for the dry reforming of methane[END_REF]. The increase in CH4/CO2 molar ratio diminishes the CH4 conversion because of the excess of methane in the feed in comparison to the stoichiometric value, increasing the CO2 conversion and H2/CO molar ratio. Serrano-Lotina and Daza [START_REF] Serrano-Lotina | Influence of the operating parameters over dry reforming of methane to syngas[END_REF] also observed a decrease in CH4 conversion with higher H2 selectivity upon feeding the reactor with CH4/CO2 higher than one. At this condition, the RWGS is less favorable, decreasing the consumption of H2 to produce CO. The CH4 and CO2 conversions obtained for all catalysts are far from the equilibrium conversions, which were calculated using Gibbs free energy minimization algorithm on Aspen Plus software (values obtained at 800 °C:

CH4/CO2=1.0 -X eq CH4=89% and X eq CO2=95%; CH4/CO2=1.5 -X eq CH4=64% and X eq CO2=98%). More information about the equilibrium data as a function of temperature and CH4/CO2 molar ratio are available in the Supplementary information. 

Characterization of post-reaction catalysts.

The deactivation by coke formation is one of the major problems to the design of catalysts for the DRM reaction. In order to investigate the amount of carbon and its morphology, the spent catalysts were analyzed by TEM and TPO. The TPO experiments were performed to quantify the amount of carbon formed during the DRM using CH4/CO2 = 1.5 and the profiles are shown in Fig. 8. The TPO profiles presented two peaks at around 570 and 755 °C. However, the intensity of these peaks is clearly different depending on the catalysts. The intensity of the peak at low temperature region was higher in the TPO profile of Pt/CeO2. Pt@CeO2 and Pt@CeZrO2 catalysts showed similar TPO profiles. Noronha et al. [START_REF] Noronha | Correlation between catalytic activity and support reducibility in the CO2 reforming of methane over Pt/CexZr1-xO2 catalysts[END_REF] also observed two different regions of carbon oxidation over Pt/CexZr1-xO2 catalysts after dry reforming of methane, one at low temperature (350-450 °C) and another one at higher temperature (600-700 °C). They concluded that the peak at lower temperature is ascribed to the oxidation of carbon near the Pt particle, while the peak at higher temperature is correlated to the carbon that is not present in the metalsupport interface. In our work, the embedded catalysts have a higher metal-support contact and oxygen mobility, which inhibits carbon formation at the metal-support interface. Therefore, the intensity of the peak corresponding to the oxidation of carbon at the metal-support interface on the embedded catalysts is lower than that one for the impregnated catalyst. The formation of carbon deposits is preferential over Pt/CeO2 catalyst prepared by impregnation. Table 5 lists the rate of carbon formation for all catalysts compared with literature data. The rate of carbon formation for Pt/CeO2 catalyst was two-fold higher than that for Pt@CeO2 and Pt@CeZrO2 catalysts. Despite Pt/CeO2 catalyst presented higher carbon formation rate, it does not affect its stability during TOS, since the conversions were stable. However, considering a long-time operation, it is possible to infer that this catalyst will deactivate first because its higher rate of carbon formation and the presence of carbon in the metal-support interface will cause the encapsulating of Pt nanoparticles.

The higher resistance to carbon formation observed for the embedded catalysts is a consequence of the higher oxygen mobility in these materials. The capacity of the support to transfer oxygen from its structure to the coked metal promotes the carbon removal mechanism [START_REF] Noronha | Correlation between catalytic activity and support reducibility in the CO2 reforming of methane over Pt/CexZr1-xO2 catalysts[END_REF]. This carbon removal mechanism will be better discussed with in-situ DRIFTS in the next section.

Table 5. Rates of carbon formation during the DRM reaction (T = 800 °C during 24 h, CH4/CO2 = 1.5), compared with literature data. 5 and indicate that reducible supports could decrease the carbon formation rates, because of the promotion of the carbon removal mechanism. The same is observed when the solid solution is formed between Ce-Zr [START_REF] Noronha | Correlation between catalytic activity and support reducibility in the CO2 reforming of methane over Pt/CexZr1-xO2 catalysts[END_REF]. All catalysts presented in Table 5 show higher carbon formation rates compared to our work. Moreover, it is worth emphasizing that we performed catalytic tests with CH4/CO2 molar ratio equal to 1.5, which thermodynamically favors more carbon formation than CH4/CO2 = 1. Therefore, our catalytic system presents a high efficiency in carbon removal than others in the literature.

Catalyst

Fig. 9 shows the TEM images of the post-reaction Pt/CeO2, Pt@CeO2 and Pt@CeZrO2 catalysts. The amount of carbon is very low and the TEM images do not show the presence of carbon deposits for all samples. However, it is possible to observe some particularity of Pt particles after reaction. Pt/CeO2 catalyst still maintained small Pt particles around 5 nm. The Pt@CeO2 catalyst exhibits small Pt particles that are well dispersed over CeO2 support, which is likely due to the embedded structure. The Pt@CeZrO2 catalyst presented a slightly increase in Pt size compared to reduced sample 

Mechanism of carbon formation

To study the carbon removal mechanism, DRIFTS was performed switching the feed between CH4/N2 (Fig. 10), CO2/N2 (Fig. 11), CH4/N2 (Fig. 12) and CH4/CO2 (Fig. 13) flows (the last one as the reactional mixture with a CH4:CO2 = 1:1). The spectra were divided by regions for better understanding due to the difference in the intensities;

and the wavenumber range higher than 2600 cm -1 was suppressed in the spectra due to the presence of intense bands related to CH4 in gas phase. Under CH4 atmosphere, Pt/CeO2 catalyst presented a band centered at 1910 cm -1 , close to values obtained in the literature for CO adsorbed on Pt particles [START_REF] Pozdnyakova | Preferential CO oxidation in hydrogen (PROX) on ceria-supported catalysts, part I: Oxidation state and surface species on Pt/CeO2 under reaction conditions[END_REF]. For Pt@CeO2 and Pt@CeZrO2 catalysts, this band appears at 1890 and 1915 cm -1 , respectively. It is well accepted in the literature [START_REF] Rostrup-Nielsen | CO2 Reforming of Methane over Transition Metals[END_REF][START_REF] O'connor | An In-situ DRIFTS Study of the Mechanism of the CO2 Reforming of CH4 over a Pt/ZrO2 Catalyst[END_REF][START_REF] Rostrup-Nielsen | Equilibria of decomposition reactions of carbon monoxide and methane over nickel catalysts[END_REF] that the CH4 dehydrogenation occurs on the metal particle, generating reactive carbon structures, called as Cα. This carbon can polymerize towards inactive carbon species (Cβ) or to be oxidized by oxygen from the support, generating CO [START_REF] Rostrup-Nielsen | Coking on nickel catalysts for steam reforming of hydrocarbons[END_REF]. The donation of oxygen changes the oxidation state of Ce 4+ to Ce 3+ , creating oxygen vacancies. The formation of Ce 3+ species can be assumed to occur for Pt/CeO2 catalyst due to the band observed at 2110 cm -1 , which are characteristic from the forbidden 2 F5/2 → 2 F7/2 electronic transition of Ce 3+ [START_REF] Binet | A Spectroscopic Characterization of the Reduction of Ceria from Electronic Transitions of Intrinsic Point Defects[END_REF]. The formation of Ce 3+ species also occurs over Pt@CeO2 and Pt@CeZrO2 catalysts but it is more difficult to observe its characteristic band due to the overlapping with other bands ascribed to CO adsorbed in the range 2000- Bands assigned to C-H bond [START_REF] Vermöhlen | Adsorption of polyacrylic acid on aluminium oxide: DRIFT spectroscopy and ab initio calculations[END_REF] were observed in the range of 1600 and 1000 cm - 1 . The intense bands around 1300 and 1355 cm -1 are characteristic of CH4 in gas phase.

After 1 min under CH4/N2, the Pt/CeO2 catalyst presented a broad and at 1462 cm -1 which shifted to 1433 cm -1 after 20 minutes. These bands are ascribed to δ(CH2)n vibration [START_REF] Vermöhlen | Adsorption of polyacrylic acid on aluminium oxide: DRIFT spectroscopy and ab initio calculations[END_REF] corresponding to CHx species and are attributed to coke precursors during the DRM.

Pt@CeO2 catalyst also presented band ascribed to δ(CH2)n vibration at 1480 cm -1 , which shifted to 1462 cm -1 after 20 minutes. On the other hand, Pt@CeZrO2 presented a band at higher wavenumber (1522 cm -1 ) and only CH4 in gas phase was detected after 20 minutes. This result indicates the efficiency of the embedded Ce-Zr catalyst to remove coke precursors, promoting a faster oxidation of these species to CO. Based on DRIFTS results, the first path in the carbon removal mechanism can be proposed as follows, in which * represents a metallic site, OL is a lattice oxygen and VO is an oxygen vacancy.

Methane adsorbs on a metallic site (Eq. 6), followed by dehydrogenation steps towards the formation of reactive carbon (Eqs. 7-10), which may abstract an oxygen from CeO2 and CeZrO2 lattice, creating an oxygen vacancy (Eq. 11). Upon replacing CH4/N2 flow with CO2/N2, we observe an overlap of bands (1850 -2250 cm -1 ) assigned to different adsorbed CO species on the embedded Pt@CeO2 and Pt@CeZrO2 catalysts. These results are due to the replenishment of oxygen vacancies generated during the carbon oxidation step (Eq. 11) by CO2, which supplies oxygen species and CO to the matrix surface (Eq. 12). These (lattice) oxygen species react with C* (Eq. 13), promoting the carbon removal from the metal particles by desorbing CO (Eq. 14). On the other hand, CO formed from the CO2 scission on oxygen vacancy (VO) desorbs immediately from the CeO2 or CeZrO2 matrix (Eq. 15). Furthermore, CO2 acts as a Lewis acid adsorbing on O2 -surface ions (Eq. 16) present on ceria, forming different carbonate species [START_REF] Binet | IR study of polycrystalline ceria properties in oxidised and reduced states[END_REF], as indicated by the bands in the region between 1600 and 1000 cm -1 . The bands at 1490, 1385 and 1300 cm After 20 min, the flow was switched back to CH4/N2 and we observe different bands in the range 2600-1600 cm -1 (Fig. 12), which may be interpreted as carbon oxidation. All catalysts presented a band around 2150 cm -1 ascribed to CO in gas phase and a band at 1910 cm -1 assigned to CO adsorbed on Pt, as previously observed under CH4/N2 atmosphere. Furthermore, a consumption of carbonate species occurs as suggested by the decrease of the intensities of the bands in the range between 1600-1000 cm -1 . Pt/CeO2 and Pt@CeO2 catalysts after 20 minutes under CH4 atmosphere presented only a band at 1439 cm -1 ascribed to δ(CH2)n vibration, close to the value observed before the addition of CO2. Therefore, the carbonates were consumed during the CH4 decomposition. In this sense, the carbonates species are not spectators in the mechanism, but carbonates supply oxygen to the vacancies (Eq. 17), which are generated during the carbon oxidation step (Eq. 18). Similar mechanism was observed by O'Connor et al. [START_REF] O'connor | An In-situ DRIFTS Study of the Mechanism of the CO2 Reforming of CH4 over a Pt/ZrO2 Catalyst[END_REF] during the DRM reaction using in-situ DRIFT spectroscopy. The Pt@CeZrO2 catalyst still present the characteristic band of monodentate carbonate at 1500 cm -1 even after 20 min. The CH4 decomposition is not favored on Pt@CeZrO2 and the carbon oxidized was very low compared to other catalysts. The third part of carbon removal mechanism can be proposed: Figure 13 shows the DRIFT spectra under dry reforming conditions for all catalysts by switching CH4/N2 flow to CH4/CO2. In the 2600 -1600 cm -1 range (not shown), only CO and CO2 in gas phase were observed. Between 1600 -1000 cm -1 , the catalysts presented the characteristic bands of monodentate carbonate, which increases as a function of time, especially for Pt@CeZrO2 catalyst. 

C* + OL ⇌ CO* + VO (17) 

The effect of Pt embedded into CeO2 on the resistance to carbon formation during the DRM.

The mechanism DRM is extensively studied in the literature [START_REF] Bradford | CO2 Reforming of CH4[END_REF][START_REF] Wei | Isotopic and kinetic assessment of the mechanism of reactions of CH4 with CO2 or H2O to form synthesis gas and carbon on nickel catalysts[END_REF] and there is a consensus about the role of metal and support. The metal acts as site for CH4 adsorption and subsequent dehydrogenation towards formation of carbon species, which can be precursor of coke. The role of redox supports is to prevent the formation of coke by its oxidation using the lattice oxygen. Therefore, the reactivity of these lattice oxygen species and the interaction between the support and metal are important features of the catalyst to promote the mechanism of carbon removal. Yan et al. [START_REF] Yan | Highly efficient and stable Ni/CeO2-SiO2 catalyst for dry reforming of methane: Effect of interfacial structure of Ni/CeO2 on SiO2[END_REF] have demonstrated the importance of reactive oxygen species in contact with Ni particles to prevent carbon formation on the Ni/CeO2-SiO2 catalyst. The interaction between Ni and lattice oxygen from CeO2 allows the oxidation of Cα to CO before the formation of stable carbon structures, as observed in this present work by DRIFTS measurements.

The rate of CH4 dehydrogenation is strongly affected by the metal particle size [START_REF] Rostrup-Nielsen | Equilibria of decomposition reactions of carbon monoxide and methane over nickel catalysts[END_REF]. The presence of small particles inhibits the initiation step of coke formation [START_REF] Bitter | Deactivation and Coke Accumulation during CO2/CH4 Reforming over Pt Catalysts[END_REF]. In our previous work [START_REF] Marinho | Embedded Ni nanoparticles in CeZrO2 as stable catalyst for dry reforming of methane[END_REF], we performed a comparative study between embedded Ni@CeO2 and Ni@CeZrO2 catalysts and Ni/CeO2 prepared by incipient wetness impregnation.

Ni@CeZrO2 catalytic system presented two remarkable features: (i) it inhibited the growth of the embedded Ni particles; and (ii) it enhanced the oxygen mobility, which both promoted the carbon removal mechanism. In the present work, we did not find evidences of metal sintering for the Pt/CeO2 and Pt@CeO2 catalysts here studied.

Therefore, once these catalysts presented Pt metal particles with similar small size, the mechanism of accumulation and removal of carbon species (coke) was influenced by the oxygen mobility rather than the metal particle size. The rates of carbon formation were relatively slow for all samples (Table 5), which can be specially ascribed to the small size of Pt nanoparticles. However, the rates were slower for the embedded catalysts, indicating that the highest oxygen mobility of these materials ceria reducibility (which removes carbon more efficiently) leads to a more desirable balance between the rates of carbon formation and carbon removal.

The oxygen mobility is strongly affected by the location of Pt in the catalyst. The embedded structure presented higher oxygen mobility due to the intimate contact between Pt and CeO2 or CeZrO2. The reactive oxygen species observed by TPR, ISOE and DRIFTS in our work promotes the carbon removal mechanism for Pt@CeO2 and Pt@CeZrO2 catalysts.

Conclusions

The preparation of Pt@CeO2 and Pt@CeZrO2 catalysts led to Pt nanoparticles embedded into ceria matrix, promoting the resistance to carbon formation during the dry reforming of biogas. The location of Pt in the embedded structure inhibited the sintering process at high temperature and enhanced the interaction with ceria. Furthermore, the reactivity of lattice oxygen species promotes the carbon removal mechanism, responsible for cleaning up the Pt nanoparticle surface. Therefore, the higher oxygen mobility observed for the embedded catalysts resulted in an efficient mechanism of carbon removal during the dry reforming of biogas.
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 9 Figure 9. TEM images of (A, B) Pt/CeO2, (C, D) Pt@CeO2 and (E, F) Pt@CeZrO2 catalysts after reaction at 800 °C and CH4/CO2 = 1.5.
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Table 2 .

 2 H2 uptake during the TPR experiment.

		H2 uptake (μmol/gcat)	
					Percentage of
			Lower	Higher	
	Catalyst	Room			Ce 4+/ Ce 3+
			Temperature	Temperature	
		Temperature			reduction (%)
			(< 500 °C)	(> 500 °C)	
	Pt/CeO2	---	615	108	13
	Pt@CeO2	1092	---	159	22

Table 3 .

 3 Number and percentage of O atoms exchanged at 400 °C. affects the oxygen mobility, in such a way that Pt embedded into the support structure enhances the oxygen exchange, demanding lower activation energy due to the higher metal-CeO2 interaction.

		Ne (10 20 at.g -1 )		O atoms exchanged (%)
	Catalyst						
		400 °C	450 °C 500 °C 400 °C 450 °C 500 °C
	Pt/CeO2	12	30	37	17	42	52
	Pt@CeO2	26	34	34	37	48	48
	Pt@CeZrO2	33	39	37	45	53	50
	Table 4 presents the initial rate of exchange (Re) for each catalyst evaluated at
	different temperatures and the activation energy for the exchange process. The embedded
	catalysts have lower activation energy with faster exchange rates compared to the
	impregnated Pt/CeO2, resulting in an exchange process more efficient in these catalysts.
	There is a clear difference in the exchange process between the catalysts in terms of Ne

and Re. Embedded-Pt into ceria-zirconia structure presented the highest values of Ne and Re with lower activation energy. Therefore, these results indicate that Pt location in the catalyst structure

Table 4 .

 4 Initial rate of exchange at different temperatures and activation energy for the catalysts.

		Initial Rate of Exchange (Re)	
					Activation Energy
	Catalyst		(10 17 .at.g -1 .s -1 )		
					(kJ.mol -1 )
		400 °C	450 °C	500 °C	
	Pt/CeO2	0.5	2.9	27.5	170.5
	Pt@CeO2	7.1	47.1	176.0	138.8
	Pt@CeZrO2	13.3	48.4	265.0	128.8

  -1 are characteristic of monodentate carbonate, hydrogen carbonate and bidentate carbonate species adsorbed on ceria, respectively[START_REF] Pozdnyakova | Preferential CO oxidation in hydrogen (PROX) on ceria-supported catalysts, part I: Oxidation state and surface species on Pt/CeO2 under reaction conditions[END_REF][START_REF] Binet | IR study of polycrystalline ceria properties in oxidised and reduced states[END_REF]. The results show that the bidentate carbonate is formed only in the embedded catalysts, preferably for Pt@CeZrO2. The formation of bidentate carbonate species requires two lattice oxygen atoms bounded to Ce. This is an indicative that the embedded catalysts have more reactive oxygen on surface, as observed in the isotopic exchange measurements. The high amount of reactive oxygen and oxygen storage capacity observed for Pt@CeZrO2 provides a catalyst with high oxygen mobility. Therefore, the

	second path of carbon removal mechanism can be proposed as follows, in which the
	subscribed Ce indicates an adsorption site in the CeO2 or CeZrO2 matrix:	
	CO2 (g) + VO + Ce ⇌ COCe + OL	(12)
	C* + OL ⇌ CO* + VO	(13)
	CO* ⇌ CO(g) + *	(14)
	COCe ⇌ CO (g) + Ce	(15)
	CO2 (g) + O 2-⇌ CO3 2-Ce	(16)
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