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Introduction

Ni-based catalysts are currently used for the conversion of syngas (CO+H2) into methane as synthetic natural gas (SNG) due to their relatively high activity and low cost. The basic requirements for performing methanation catalysts are both high activity at low temperatures and high stability at high temperatures. However, Ni-based catalysts suffer from various aging processes including sintering of the Ni particles as well as coke formation under harsh reaction conditions, as reviewed in [1,[START_REF] Miao | Catalysis mechanisms of CO2 and CO methanation[END_REF]. Recently, attention has been paid to new eco-friendly processes linked to biomass or solid waste gasification. These alternative resources lead to a syngas feed containing a variety of impurities among which NH3, HCl, H2S, tars and various alkali. Despite large efforts for syngas downstream cleaning, traces of these impurities remain detrimental for the catalytic conversion of syngas to substitute natural gas processes [3,[START_REF] Aravind | Evaluation of high temperature gas cleaning options for biomass gasification product gas for solid oxide fuel cells[END_REF]. In this context, the exact role and effect of these biomass-derived impurities on methanation catalysts remains an open debate, especially when aging factors like poisoning (or promoting) combine with structural processes such as metal sintering under operating conditions. More precisely the proper impact of these various combined aging factors on methanation mechanism and kinetics remains poorly explored. To that end, Steady-State Isotopic Transient Kinetic Analysis (or SSITKA), which was found well adapted to understand the mechanism of methanation in the absence of poisoning effects, [1,[START_REF] Miao | Catalysis mechanisms of CO2 and CO methanation[END_REF][START_REF] Agnelli | CO Hydrogenation on a Nickel Catalyst II. A Mechanistic Study by Transient Kinetics and Infrared Spectroscopy[END_REF][START_REF] Ledesma | Recent Approaches in Mechanistic and Kinetic Studies of Catalytic Reactions Using SSITKA Technique[END_REF], was used in the present work in the presence of those impurities. In the absence of any impurities, as reported in [START_REF] Agnelli | CO Hydrogenation on a Nickel Catalyst I. Kinetics and Modeling of a low temperature sintering process[END_REF][START_REF] Lorito | Understanding deactivation processes during bio-syngas 1 methanation: DRIFTS and SSITKA experiments and modeling over 2 Ni/Al2O3 catalysts[END_REF], both Ni sintering and carbon deposition were shown to control the deactivation mechanism. After an initial period of carbon deposition, fast sintering and particle smoothing via nickel carbonyl transfer, the reacting surface was described as a layer of nickel carbide, largely covered by CO adspecies. The rate of hydrogenation was shown to be controlled by the probability for a dihydrogen molecule to collide with a carbonaceous adspecies (CHX) issued from the carbide layer, surrounded by Ni atoms free from adsorbed CO. The regeneration of the carbidic layer is ensured by CO dissociation after methane desorption. A rate equation was proposed with physically meaningful kinetic parameters [START_REF] Lorito | Understanding deactivation processes during bio-syngas 1 methanation: DRIFTS and SSITKA experiments and modeling over 2 Ni/Al2O3 catalysts[END_REF].

In the present study, the sensitivity of this type of kinetic analysis to the effect of poisons representative of syngas obtained from biomass gasification, is evaluated. Ammonia and acetonitrile were selected for representing N-containing compounds, trichloroethylene for Cl-containing compounds and toluene as tar representative. The effects of sulfur containing molecules can be found in [START_REF] Legras | Impact and Detailed Action of Sulfur in Syngas on Methane Synthesis on Ni/γ-Al2O3 Catalyst[END_REF]. Ni/Al2O3 catalysts were used, being recognized as more sintering resistant than Ni/SiO2 catalysts.

Experimental

Catalyst characterization

All kinetic experiments were performed over a well-dispersed 20%Ni/Al2O3 catalyst. The nickel loading was determined by inductively coupled plasma mass spectrometry (ICP-MS) technique. The BET surface area, pore volume and average pore diameter were determined by N2 sorption/desorption isotherms at 77K on a BELSORP-Mini (BelJapan) automated system. The samples were outgassed under vacuum (≈10 -4 mbar) at 473 K for 12h before starting the kinetic measurements. BET values around 100 m²/gcat were found for the catalysts. Transmission Electron Microscopy (TEM) images were used to determine the distribution of nickel particle size and the overall metal dispersion.

Catalytic test

The SSITKA device used in this work is described in [START_REF] Lorito | Understanding deactivation processes during bio-syngas 1 methanation: DRIFTS and SSITKA experiments and modeling over 2 Ni/Al2O3 catalysts[END_REF]. It contains two independent feed lines. The first line is dedicated to unlabeled compounds ( 12 CO, H2, Ar), the second one to the isotopic compounds and the tracer ( 13 CO, H2, Ar and Kr). The pressure transducers are used to adjust the same pressure drop for both lines. Isotopic switches were realized using a two-position four way Valco-valve and monitored with an online INFICON quadrupole mass spectrometer.

Steady-state and transient kinetic experiments

Reference steady-state and transient SSITKA experiments. In the absence of poisons, reference SSITKA experiments were performed in a fixed-bed reactor (Din=7mm, Lbed=1cm) filled with 0.2 g of catalysts diluted with SiC, to reduce dead volume in the reactor. The catalysts pellet size was in the range of 100÷200 µm. The Ni catalyst was reduced in situ at 500°C for 10h (temperature ramping at 1°C/min) under a 20%H2/80%Ar gas flow at 100 mL/min. The catalyst was then exposed to the 15%CO/60%H2/25%Ar reaction mixture, at a total flowrate of 100 mL/min. The pressure transducers allowed to adjust the same pressure drop for both lines. Isotopic switches were performed at 4 different TOS (2h, 50h, 72h, 164h) from 12 CO/H2/Ar to 13 CO/H2/Ar and Kr Inert Krypton has been added to analyze the gas hold up of reactor system 8 . All the SSITKA experiments were performed at 225 °C, atmospheric pressure and a H2/CO ratio equal to 4. Steady-state and transient kinetic experiments in the presence of poisons. The same reference SSITKA experiments were then performed under poisoned gas flows. To feed these molecules a flowrate of 5 mL/min of argon was sent to a temperature-controlled saturator that contained a certain catalyst "poison". Through a calibration curve, the amount of these components was controlled and kept constant during the whole kinetic experiment. When the steady-state conditions were reached a SSITKA switch was performed again. All reaction product containing lines and valves were heated at 393 K. The selected poisons were acetonitrile, trichloroethylene and toluene. Under operating methanation conditions it was checked that acetonitrile was totally decomposed into ammonia and methane, the latter being accounted for in the conversion calculation. For the case of trichloroethylene it was decomposed into chlorine and hydrocarbons by-products (essentially ethylene). It was chosen to work at low concentration of poisoning molecule, 0.23 and 0.13 vol.% for the acetonitrile and trichloroethylene, respectively, to mimic realistic conditions of bio-mass derived syngas composition (after up-stream cleaning), also keeping a negligible contribution of decomposition products to the methanation reaction products. For mimicking the effect of tar on the methanation rate, toluene was fed with the syngas feed at the concentration of 0.13 vol.% (see Table 1 

Results and discussion

3.1 Catalyst sintering with time-on-stream in the absence of poisons Drastic changes in nickel dispersion have been observed with time on stream under non poisoned methanation feed conditions by TEM and DRX analyses, as reported in [START_REF] Agnelli | CO Hydrogenation on a Nickel Catalyst I. Kinetics and Modeling of a low temperature sintering process[END_REF][START_REF] Lorito | Understanding deactivation processes during bio-syngas 1 methanation: DRIFTS and SSITKA experiments and modeling over 2 Ni/Al2O3 catalysts[END_REF] and completed by new TEM analyses. The Ni dispersion observed on the freshly reduced sample displays a rather narrow particle size distribution centered around 5 nm [START_REF] Agnelli | CO Hydrogenation on a Nickel Catalyst I. Kinetics and Modeling of a low temperature sintering process[END_REF][START_REF] Lorito | Understanding deactivation processes during bio-syngas 1 methanation: DRIFTS and SSITKA experiments and modeling over 2 Ni/Al2O3 catalysts[END_REF]. As shown in Figure 1A, the observed Ni particles by TEM reveal rather spherical shape, but rough surfaces and the hkl plan indexes indicate dominant NiO structure as expected from the reoxidation occurring during the sample preparation for TEM analysis. Such a reoxidation of small particles was also reported in [START_REF] Agnelli | CO Hydrogenation on a Nickel Catalyst I. Kinetics and Modeling of a low temperature sintering process[END_REF] for close samples analyzed by XRD, while in situ magnetic measurements i.e., without any contact with air, indicated that the dominant phase was metallic nickel.

A/ B/ -In contrast, the catalyst aged for 164h under methanation conditions exhibits a particle size distribution now centered on 30 nm [START_REF] Agnelli | CO Hydrogenation on a Nickel Catalyst I. Kinetics and Modeling of a low temperature sintering process[END_REF][START_REF] Lorito | Understanding deactivation processes during bio-syngas 1 methanation: DRIFTS and SSITKA experiments and modeling over 2 Ni/Al2O3 catalysts[END_REF], but displaying also very large particles, over 50 nm in diameter. For the latter most images revealed the formation of flat terraces separated by step structures. From XRD patterns [START_REF] Agnelli | CO Hydrogenation on a Nickel Catalyst I. Kinetics and Modeling of a low temperature sintering process[END_REF], the nickel phase of all these large particles was kept essentially as a metal, showing the resistance of the sintered nickel to reoxidation. In situ magnetic measurements confirmed that the sintered particles were formed of metallic nickel while a layer of carbide Ni3C was surrounding the particles [START_REF] Agnelli | CO Hydrogenation on a Nickel Catalyst I. Kinetics and Modeling of a low temperature sintering process[END_REF].

The change in the metal phase dispersion, D (%), was estimated from the formula:

𝐷𝐷 = 6 ( 𝑣𝑣 𝑚𝑚 𝑎𝑎 𝑚𝑚 ) 𝑑𝑑 𝑉𝑉𝑉𝑉 * 100%
where vm is the volume occupied by a Ni atom in the bulk, am the surface area occupied by an atom of Ni and dVA the average particle size estimated by TEM measurements. As a result, the Ni dispersion changed from 20% to less than 5% after long term methanation.

From the outlet gas analysis, the conversion profile revealed a fast initial decay within the first 2 h on stream as detailed in [START_REF] Lorito | Understanding deactivation processes during bio-syngas 1 methanation: DRIFTS and SSITKA experiments and modeling over 2 Ni/Al2O3 catalysts[END_REF], followed by a much slower and regular decay for longer time on stream as depicted in Figure 2. That series of long term experiments was combined with SSITKA experiments, as shown later on. .

Active surface characterization by SSITKA

Once the steady state was achieved (i.e. after at least 2 h on methanation stream), the SSITKA switch was performed as described in the experimental part. The delay observed between the reference Kr inert tracer transient and the 13 CO / 12 CO responses results from the time required for the labeled carbon monoxide to replace the surface reservoir of unlabeled one. This phenomenon is commonly referred to as a chromatographic effect [START_REF] Shannon | Characterization of Catalytic Surfaces by Isotopic-Transient Kinetics during steady-state reaction[END_REF]. From this time lag and knowing the flow rate of carbon monoxide, the amount of this reversibly adsorbed CO reservoir at steady-state can be directly deduced. The same reasoning holds for the labelled and unlabeled methane responses, which are controlled by the residence time of methane precursors on the working surface. The delay between the inert tracer curve and the labeled CO and CH4 molecules transient responses is representative of the mean surface lifetime, respectively indicated as τCO and τCHx (s), of the active intermediates accumulated on the surface under steady-state conditions. From the mean surface lifetime estimate, it is also possible to quantify the amounts of CO adsorbed in equilibrium with the gas phase and the amounts of reacting intermediates CHx adsorbed on the surface, referred to as NCO and NCHx, (µmol/gcat) respectively [START_REF] Lorito | Understanding deactivation processes during bio-syngas 1 methanation: DRIFTS and SSITKA experiments and modeling over 2 Ni/Al2O3 catalysts[END_REF].

Where Fi (mol/s) is the molar flow, Wcat (kg), the catalyst mass, X SS the steady-state CO conversion, Ei(t) (-), the normalized transient response and t (s), the time. From these surface concentrations of reversibly adsorbed CO and of CH4 precursors, the steady-state coverage of these ad-species can be derived, accounting for the effective metal dispersion and amount of catalyst involved in each SSITKA experiment. These values are reported in Table 2 Figure 4 shows the changes in 13 CO SSITKA responses as a function of TOS. As can be seen, the amount of reversibly adsorbed CO is decreasing with time on stream, in line with the Ni particles sintering/restructuring upon catalyst aging. As can be seen, on the still well dispersed sample after 2h of reaction (black dots), the decay of 12 C into methane product is essentially fast and linear, which reveals a single type of kinetic behavior. It might indicate a single or a dominant reaction mechanism for methanation. In contrast, after 50h on stream, the log transform (grey dots) clearly indicated two SSITKA decay regimes, one close to the previous one, and a second one with a much slower dynamic response, progressively merging with the labelled signal noise. As such, it is revealed that upon aging, the dynamics of the catalyst move from a single mode as observed on fresh samples to a double mode on aged ones, in line with the previously observed changes in catalyst structure [START_REF] Lorito | Understanding deactivation processes during bio-syngas 1 methanation: DRIFTS and SSITKA experiments and modeling over 2 Ni/Al2O3 catalysts[END_REF].

N 13CH 4 = τ 13CH 4 F 13CO X 𝐶𝐶𝐶𝐶 𝑠𝑠𝑠𝑠 W cat = F 13CO X 𝐶𝐶𝐶𝐶 𝑠𝑠𝑠𝑠 W cat � �E Kr (t) -E 13CH 4 (t)� 𝑡𝑡 0 dt N 13CO = τ 13CO F 13CO W cat = F 13CO W cat � [E Kr (t) -E 13CO (t)] 𝑡𝑡 0 dt

Effect of poisons on methanation kinetics

As said before, the methanation SSITKA experiments were carried out alternatively in the presence of acetonitrile, trichloroethylene and toluene in the SSITKA feeds. In line with the above analysis revealing changes in methane responses with TOS, we report here essentially the log transform of the methane response in order to identify potential changes in surface dynamics upon the various selected poisonings. In order to identify specifically poison effects on the SSITKA curves, these experiments were carried out after similar TOS for the three tested poisons, i.e., after ca. 24h on stream for each experiment. Thus, Figure 6 describes the log transform of the CH4 SSITKA response in the absence and in the presence of the three different added poisons. These data were regressed following a sequence of two linear models and Table 3 -In the presence of acetonitrile, i.e., a N-containing poison (Fig 6B ), a two-zone log transform is still observed, though a deactivation process affecting those two zones of log transform decay was revealed. As such, the slopes of the two-zone semi-log transform are slightly decreased, in line with that deactivation process. -In the presence of trichloroethylene, i.e., a Cl-containing poison (Fig 6C ), a major change is observed since only a single-zone log transform remains over the whole SSITKA relaxation zone. This would indicate that the part of the catalyst responsible for the second-zone semi-log transform has been completely deactivated. A similar decrease in the value of log transform slope as for acetonitrile is observed in Table 3. -In the presence of toluene (Fig 6D ), the SSITKA transforms are similar to the ones of the reference data, as also seen in Table 3. 

Mechanistic rationale

As above pointed out, the poisons effects can be ranked by comparing the rate values and the SSITKA dynamics with i) a measurable poisoning effect after acetonitrile addition (i.e., ammonia effect) and ii) a still more intense poisoning effect after trichloroethylene addition (i.e., chlorine effect), iii) no measurable effect after toluene addition (i.e. no coke effect superimposed to the overall deactivation). As reported in [START_REF] Lorito | Understanding deactivation processes during bio-syngas 1 methanation: DRIFTS and SSITKA experiments and modeling over 2 Ni/Al2O3 catalysts[END_REF], a similar ranking was observed both for CO coverages observed by DRIFT carbonyl band intensity and θCO from SSITKA. The next step in the reasoning is now to determine if one can correlate the above reported SSITKA effects (changes in methane response dynamics via the semi-log transforms) to the morphology of the tested samples. From the TEM analyses (Fig1) completed by hydrogen adsorption measurements, one can consider that the Ni phase for all the samples tested in the present study consists in a mix of i) small and rather rough particles (indexed as NiO after reoxidation in the open air) and of ii) large flat and rafted ones, with poly-crystalline structures and many defects such as steps between low index terrace planes [START_REF] Paredes-Nunez | Origins of the poisoning effect of chlorine on the CO hydrogenation activity of alumina-supported cobalt monitored by operando FT-IR spectroscopy[END_REF].

In line with our previous study on Ni sintering under methanation conditions [START_REF] Agnelli | CO Hydrogenation on a Nickel Catalyst I. Kinetics and Modeling of a low temperature sintering process[END_REF], the large particles develop with TOS at the detriment of the small ones via Ni carbonyls transfer. Thus, the Ni phase corresponding to the mid-aging period tested for this SSITKA analysis is a complex combination of surface defects and flat zones distributed over a large domain of particle size. Based on these results, the question arises now as to relate these SSITKA analyses to the methanation mechanism(s). i) Methanation mechanisms in the absence of poisons. Refereeing to our previous papers on methanation [START_REF] Agnelli | CO Hydrogenation on a Nickel Catalyst II. A Mechanistic Study by Transient Kinetics and Infrared Spectroscopy[END_REF][START_REF] Lorito | Understanding deactivation processes during bio-syngas 1 methanation: DRIFTS and SSITKA experiments and modeling over 2 Ni/Al2O3 catalysts[END_REF], it was proposed that in the absence of any poison, the rate determining step is essentially controlled by the probability for gaseous hydrogen to dissociate around a CH x adsorbate on the nickel surface. As determined from the kinetic modeling of the transient SSITKA responses reported in [START_REF] Lorito | Understanding deactivation processes during bio-syngas 1 methanation: DRIFTS and SSITKA experiments and modeling over 2 Ni/Al2O3 catalysts[END_REF], the typical reacting site would correspond to an ensemble of few adjacent Ni atoms around a CHX adspecies issued from CO dissociation. Here the "active site" description is directly deduced from the SSITKA curves modeling, without any direct information on the precise structure of the Ni ensembles allowing the CO activation and its further hydrogenation into methane. Note in addition that a carbide-like pool of C stored within the Ni particles during the initial period on methanation stream might also participate to the methanation process. As a matter of fact, a carbide like layer (Ni3C) was shown to build around the Ni particles as soon as the methanation reacting mixture was admitted on a fresh catalyst, by using a special reactor designed for allowing in situ magnetic measurements [START_REF] Agnelli | CO Hydrogenation on a Nickel Catalyst I. Kinetics and Modeling of a low temperature sintering process[END_REF]. This result was obtained by relating i) the loss of ferromagnetism of a freshly reduced sample after contact with the methanation mixture (Ni carbide is no more ferromagnetic) and ii) the amount of C deposits measured by TPO. In order to discuss a step further the methanation mechanism in the absence of poison, let us quote an important statement about active site structure on group VIII metals as proposed by Ojeda et al [START_REF] Ojeda | CO activation pathways and the mechanism of Fischer-Tropsch synthesis[END_REF]. Here two types of CO activation modes are assumed to occur in the presence of hydrogen as depicted in Fig 7. A close H-assisted model was also recently proposed by Quindimil et al [START_REF] Quindimil | Intrinsic kinetics of CO2 methanation on low-loaded Ni/Al2O3 catalyst: Mechanism, model discrimination and parameter estimation[END_REF] for the CO2 methanation reaction over Ni/Al2O3, also involving rate determining steps such as the step 6 of the above model. On the basis of our own SSITKA analyses on Ni/Al203 and of the above proposal of two modes for CO activation (steps 3 and 6 in Fig. 7), we tentatively assume that, at least for the present case of Ni-based catalysts, the two processes are competing, depending on the active site structure for the initial surface carbonyl formation, either as bridged or linearly adsorbed species. In that respect, one could consider that on particle defects (steps, kinks, corners, etc) the bridged CO adsorption unassisted by hydrogen would be thermodynamically and kinetically more favored than on flat and defect-free surfaces. Inversely, linear carbonyl species adsorbed on flat terraces would require H-assistance for dissociation. Such a statement agrees with the DFT calculations and experimental data reported in the literature [START_REF] Andersson | Structure sensitivity of the methanation reaction: H2-induced CO dissociation on nickel surfaces[END_REF][START_REF] Ge | Adsorption and Activation of CO over Flat and Stepped Co Surfaces: A First Principles Analysis[END_REF][START_REF] Qi | Discrimination of the mechanism of CH4 formation in Fischer-Tropsch synthesis on Co catalysts: a combined approach of DFT, kinetic isotope effects and kinetic analysis[END_REF] The above reasoning might explain the present observation revealed by the SSITKA analysis showing two distinct types of dynamics during the methanation process: -on freshly reduced samples, i.e., on small and rough particles, the "direct dissociation process" would dominate for CO activation. In addition, multi carbonyl formation would occur on defects such as corner and edge Ni atoms leading to tetra-carbonyl gaseous species explaining the nickel transfer from small to large particles as described in [START_REF] Agnelli | CO Hydrogenation on a Nickel Catalyst I. Kinetics and Modeling of a low temperature sintering process[END_REF], -on aged samples, where step defects develop between smooth terrace-like planes, the two modes for CO activation, H-assisted and direct dissociation processes, would co-exist. The H-assisted process would be favored on the flat planes and terraces, while the direct dissociation of CO would be favored on steps and surface defects. A schematic view of these two CO activation processes occurring during methanation on Ni-based catalysts in the presence of hydrogen but in the absence of poisons is presented in Fig 8. ii) Specificity of the tested poisons on surface dynamics. On the basis of the above reasoning, one can now schematize the observed impact of the various tested poisons on the SSITKA dynamics: -In the presence of a mild poison such as nitrogen containing molecules (ammonia or acetonitrile type) the probability for CO hydrogenation into CHx and further on into methane is slightly decreased by the presence of weakly adsorbed nitrogen around all types of active sites. This weak and non-selective adsorption would decrease only slightly the sites reactivity, as suggested by the rather unchanged SSITKA dynamics. As such, the N-based poisoning can be considered as structure insensitive. -In the presence of a strong but reversible poisoning by chlorine containing compounds (trichloroethylene type), Cl -ions would preferentially adsorb on or close to the step/defects sites. That specificity was also proposed by Paredes-Nunez et al in [START_REF] Paredes-Nunez | Origins of the poisoning effect of chlorine on the CO hydrogenation activity of alumina-supported cobalt monitored by operando FT-IR spectroscopy[END_REF] assuming that the strength of the C-O bond in carbonyl adspecies on metal particles (Co for that case) was increased in the presence of chlorine, due to a weaker electron back-donation from the metal d-orbitals into the CO anti-bonding π* molecular orbital. Thus, by increasing the C-O bond strength, the direct CO dissociation would logically be slowed down. As such, this specific chlorine effect would explain that the SSITKA semi-log transform typical of sintered samples more or less vanishes after Cl -poisoning. Fig. 9 illustrates that specific effect of chlorine ions on defects sites carbonylation, such as steps between flat planes, which makes that poisoning type as structure sensitive. Step sites and defects, typical of small particles, but also developing on sintered particles, favoring the unassisted CO activation  Plane sites, typical of large sintered particles favoring the H-assisted process -For the case of toluene and other aromatics, the absence of measurable poisoning effects either on conversion rates or intrinsic kinetic parameters can be assigned to the weak chemical interaction of these aromatics with the metallic or more precisely already carbided surface (essentially via π-bonding close to physical adsorption). As such, only a further polymerization and severe coking leading to external carbon deposits (filament type) favored at increasing temperature might generate a poisoning effect by hindering the diffusion to and from the surface of the active methanation components. In a word, the C-based poisoning can be considered as structure insensitive.

Conclusion

For understanding the role of metal sintering combined with poisoning during the methanation reaction on Ni based catalysts, a rationale of complex aging processes is proposed by using SSITKA dynamics analysis. In the absence of metal poisoning, the changes in the log transforms of the methane SSITKA response is shown to correspond to the continuous changes in the Ni particles morphology via sintering with the Ni transfer from small to large particles as gaseous nickel carbonyl. This morphological aging results in the formation of raft-like larger particles developing step defects, while the smaller and smaller ones are characterized by a higher concentration of surface defects. The sensitivity of the SSITKA dynamics to such deep morphological changes is revealed by a simple change in the semi-log transform slopes of the methane SSITKA responses under overall steady-state kinetic conditions. On that basis, such a statement was further used as a tool for characterizing surface poisoning issued from the biomass gasification before syngas methanation. Here, the various toxicities and poisoning modes of C-N-and Cl-containing molecules were revealed as well by the changes in the SSITKA dynamics. A common explanation is proposed, based on the assumption of two distinct nickel surface sites associated with two different modes of CO activation on a metal surface, as proposed in the literature: an H-assisted and a non-assisted CO activation. The direct CO activation, leading to CO dissociation into surface carbide and adsorbed oxygen, would be favored for bridged carbonyl species on step and edge sites, present both on small and sintered metal particles. The H-assisted CO activation leading to H-CO* intermediates, would happen essentially on sites favoring the density of adsorbed hydrogen around carbonyl adspecies. We assume these sites to develop on terrace sites, typical of sintered particles. From the above statement combined with the observed SSITKA dynamics for the typical poisons tested for methanation, it was deduced that N-containing poisons were only weakly toxic due to weak and unselective adsorption on Ni particles, small or large. In contrast, from quite distinct SSITKA dynamics, the poisoning by Cl containing molecules, such as trichloroethylene, was found much more toxic, especially on large particles, suggesting a preferential poisoning on defects zones for this kind of molecules, typical of a structure sensitive behavior. Finally, carbon deposition induced by toluene decomposition as typical of a third potential type of poisoning was shown to be ineffective for methanation rate, probably due to the fact that the carbonaceous deposits typical of aromatics decomposition (carbon veil and/or filaments) do not change the intrinsic geometry of the Ni sites responsible for CO activation. Therefore, both N-and C-based poisoning can be considered as structure insensitive. As such, this study revealed the efficiency and selective sensitivity of SSITKA dynamics, which then appears to be an efficient tool to detect and unravel complex and low-noise aging phenomena. Combined with a full kinetic modeling as already proposed, this methodology sounds quite well adapted to the new trends in chemistry, which deals with more and more poisons containing feedstocks such as bio-and waste ones.

Figure 1 :

 1 Figure 1 : TEM images and corresponding particle size distribution of A/ freshly reduced Ni/Al2O3 catalyst then reacted for 1h, and B/ reacted catalyst for 164h on methanation stream

Figure 2 :

 2 Figure 2 : CO conversion versus time on stream (TOS) with a 15%CO/60%H2/25%Ar reaction mixture, at a total flowrate of 100 mL/min and at 225 °C. SSITKA experiment were performed at 4 different TOS (2h, 50h, 72h, 164h) corresponding to the conversion data reported in the figure.

  Figure shows typical SSITKA responses at 225°C and 1.2 bar.

Figure 3 :

 3 Figure 3 : Normalized concentration of Kr,12 CO,13 CO, 12 CH4, 13 CH4 as a function of time during 12 CO+H2→13 CO+H2 SSITKA experiment at 225°C after 2h on methanation stream. Similar experimental conditions as in Figure2

Figure 4 :

 4 Figure 4 : Normalized concentration of 13 CO and Kr(dotted line) as a function of time during 12 CO+H2→ 13 CO+H2 SSITKA experiment at 225°C after 2h, 50h, 72h and 164h on methanation stream. Similar experimental data as in Figure 2

Figure 5 :

 5 Figure 5: Semi-log transforms of the 12 C content decay in CH4 response as a function of time during 12 CO+H2→ 13 CO+H2 SSITKA experiment at 225°C after 2h and 50h on methanation stream

  These results can be analyzed as follows: -The reference curve, registered for the pure feed in the absence of any poison (Fig 6A), displays two zones for the log transform, corresponding to a domain with two well differentiated zones as depicted in Fig 5 for used catalysts.

Figure 6 :

 6 Figure 6: Normalized log decay of 12 C content in to CH4 as a function of time during 12 CO+H2→ 13 CO+H2 SSITKA experiment at 225°C on fresh samples: (A) Pure feed, (B) with 0.13% acetonitrile, (C) with 0.23% trichloroethylene, (D) with 0.23% toluene. Similar experimental data as in Figure 2.

Fig 7 :

 7 Fig 7: Mechanistic scheme proposed by Ojeda et al [Error! Bookmark not defined.] for CO hydrogenation process over group VIII metal particles.A close H-assisted model was also recently proposed by Quindimil et al[START_REF] Quindimil | Intrinsic kinetics of CO2 methanation on low-loaded Ni/Al2O3 catalyst: Mechanism, model discrimination and parameter estimation[END_REF] for the CO2 methanation reaction over Ni/Al2O3, also involving rate determining steps such as the step 6 of the above model. On the basis of our own SSITKA analyses on Ni/Al203 and of the above proposal of two modes for CO activation (steps 3 and 6 in Fig.7), we tentatively assume that, at least for the present case of Ni-based catalysts, the two processes are competing, depending on the active site structure for the initial surface carbonyl formation, either as bridged or linearly adsorbed species. In that respect, one could consider that on particle defects (steps, kinks, corners, etc) the bridged CO adsorption unassisted by hydrogen would be thermodynamically and kinetically more favored than on flat and defect-free surfaces. Inversely, linear carbonyl species adsorbed on flat terraces would require H-assistance for dissociation. Such a statement agrees with the DFT calculations and experimental data reported in the literature[START_REF] Andersson | Structure sensitivity of the methanation reaction: H2-induced CO dissociation on nickel surfaces[END_REF][START_REF] Ge | Adsorption and Activation of CO over Flat and Stepped Co Surfaces: A First Principles Analysis[END_REF][START_REF] Qi | Discrimination of the mechanism of CH4 formation in Fischer-Tropsch synthesis on Co catalysts: a combined approach of DFT, kinetic isotope effects and kinetic analysis[END_REF] The above reasoning might explain the present observation revealed by the SSITKA analysis showing two distinct types of dynamics during the methanation process: -on freshly reduced samples, i.e., on small and rough particles, the "direct dissociation process" would dominate for CO activation. In addition, multi carbonyl formation would occur on defects such as corner and edge Ni atoms leading to tetra-carbonyl gaseous species explaining the nickel transfer from small to large particles as described in[START_REF] Agnelli | CO Hydrogenation on a Nickel Catalyst I. Kinetics and Modeling of a low temperature sintering process[END_REF], -on aged samples, where step defects develop between smooth terrace-like planes, the two modes for CO activation, H-assisted and direct dissociation processes, would co-exist. The H-assisted process would be favored on the flat planes and terraces, while the direct dissociation of CO would be favored on steps and surface defects. A schematic view of these two CO activation processes occurring during methanation on Ni-based catalysts in the presence of hydrogen but in the absence of poisons is presented inFig 8. 

Figure 8 :

 8 Figure 8 : Scheme of the two main types of active sites on Ni particles for CO activation in the methanation process. Multi-carbonyl sites leading to Ni transport via Ni(CO)4 are not included.

Fig. 9 :

 9 Fig. 9: Scheme of active sites developing on step sites inhibited in the presence of chlorine, reinforcing the C=O bonding via electron transfer to the Cl ions (adapted from Fig 8 in [Error! Bookmark not defined.])

Table 1 :

 1 ). Concentration of poisoning species determined from operating conditions (flowrate and saturator temperature).

		Tsaturator[°C]	PPMV	%vol*
	Acetonitrile(C2H3N)	10	2340	0.23
	Trichloroethylene(C2HCl3) 0	1328	0.13
	Toluene(C7H8)	22	1345	0.13
	*Total Flowrate=100mL/min			

Table 2 Amounts

 2 

of reversibly adsorbed CO and of reacting intermediates CHx determined by SSITKA experiments at 225°C and H2/CO=4, in the absence of any poison. The surface coverage θCO and θCHx are calculated by dividing the surface concentration N (µmol/gcat) values by the number of surface Ni atoms NiS determined from TEM dispersion measurements, i.e. assuming a surface stoichiometry CO/NiS = CHx/Nis= 1 and the evolution of metal phase dispersion proportionally to the TOS.

Table 3 :

 3 reports the slope obtained from the semi-log transform regression. SSITKA conditions a Slope parameter (a) obtained from the linear regressions of semi-log transforms of methane responses in SSITKA experiments (y=ax +b). * symbol means that only one linear model was observed for that case.

	Without added poisons	-0.0141	-0.0022
	+ 0.13% acetonitrile	-0.0096	-0.0045
	+ 0.23% trichloroethylene	-0.0096	*
	+ 0.13% toluene	-0.0151	-0.0011
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