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Introduction

Thermal chemistry of hydrocarbons during pyrolysis is important in many research fields as petroleum geochemistry [START_REF] Vandenbroucke | Kinetic modelling of petroleum formation and cracking: implications from the high pressure/high temperature Elgin Field (UK, North Sea)[END_REF][START_REF] Peters | Applications of petroleum geochemistry to exploration and reservoir management[END_REF][START_REF] Hill | Insights into oil cracking based on laboratory experiments[END_REF], refining of crude oils, cracking of hydrocarbons to produce light olefins [START_REF] Bajus | Steam Cracking of Hydrocarbons. 2. Pyrolysis of Methylcyclohexane[END_REF][START_REF] Froment | Kinetics and reactor design in the thermal cracking for olefins production[END_REF][START_REF] Sadrameli | Systematics and modeling representations of naphtha thermal cracking for olefin production[END_REF][START_REF] Van Geem | Molecular reconstruction of naphtha steam cracking feedstocks based on commercial indices[END_REF], thermal decomposition of endothermic jet fuels [START_REF] Edwards | Cracking and deposition behavior of supercritical hydrocarbon aviation fuels[END_REF][START_REF] Herbinet | Primary reactions of the thermal decomposition of tricyclodecane[END_REF][START_REF] Vandewiele | Kinetic Modeling of Jet Propellant-10 Pyrolysis[END_REF], conversion of coal and biomass to liquid fuels [START_REF] Solomon | Cross-linking reactions during coal conversion[END_REF][START_REF] Wang | Kinetics of Coal Liquefaction Distillation Resid Conversion[END_REF][START_REF] Howaniec | Effect of fuel blend composition on the efficiency of hydrogenrich gas production in co-gasification of coal and biomass[END_REF][START_REF] Speight | Coal gasification processes for synthetic liquid fuel production[END_REF], depolymerization and recycling of synthetic polymers [START_REF] Kaminsky | Olefins from polyolefins and mixed plastics by pyrolysis[END_REF][START_REF] Uddin | Thermal and catalytic degradation of structurally different types of polyethylene into fuel oil[END_REF][START_REF] Hajekova | Recycling of low-density polyethylene and polypropylene via copyrolysis of polyalkene oil/waxes with naphtha: product distribution and coke formation[END_REF], pyrocarbon deposition for the elaboration of C/C composite materials [START_REF] Ziegler | Pyrolysis of propane for CVI of pyrocarbon -part I: Experimental and modeling study of the formation of toluene and aliphatic species[END_REF][START_REF] Ziegler | Pyrolysis of propane for CVI of pyrocarbon -part II: Experimental and modeling study of polyaromatic species[END_REF][START_REF] Lacroix | Kinetic Modeling of Surface Reactions Involved in CVI of Pyrocarbon obtained by propane pyrolysis[END_REF], etc. The reaction conditions considered cover a very wide range of time and temperature, from 150°C during several millions of years in geochemistry studies, to 900°C for a few milliseconds or seconds during ethane/propane steam-cracking for instance. The pressure (and consequently the concentration of hydrocarbons) can also vary in a very large domain, from some millibars to 1000 bar. This diversity of pyrolysis conditions is illustrated in different reviews (e.g. [START_REF] Moldoveanu | Pyrolysis of organic molecules-Applications to Health and Environmental 16 Issues[END_REF][START_REF] Savage | Mechanisms and kinetics models for hydrocarbon pyrolysis[END_REF]).

Free-radical reaction pathways are considered as the dominant mechanisms for pyrolysis reactions of organic materials (e.g. [START_REF] Savage | Mechanisms and kinetics models for hydrocarbon pyrolysis[END_REF][23][START_REF] Poutsma | Fundamental reactions of free radicals relevant to pyrolysis reactions[END_REF]). The pyrolysis chemistry of the same reactant (and the main products formed) can largely be modified according to the conditions of the reaction (temperature, pressure and time). The knowledge of the thermal reaction mechanism and the rate of the different pathways provide means to better understand hydrocarbon pyrolysis as well as valuable information for kinetic modelling.

The study of the pyrolysis of n-alkanes is simpler than that of other hydrocarbons or organic components. It is rather well known because it has been widely studied for a long time (e.g. [START_REF] Poutsma | Fundamental reactions of free radicals relevant to pyrolysis reactions[END_REF][START_REF] Rice | The Thermal Decomposition of Organic Compounds from the Standpoint of Free Radicals. VI. The Mechanism of Some Chain Reactions[END_REF][START_REF] Allara | A compilation ok kinetic-parameters for the thermal degradation of normal-alkane molecules[END_REF][START_REF] Ford | Liquid-Phase Thermal Decomposition of Hexadecane: Reaction Mechanisms[END_REF][START_REF] Dominé | Kinetics of hexane pyrolysis at very high pressures. 1. Experimental study[END_REF][START_REF] Dominé | Kinetics of hexane pyrolysis at very high pressures. 2. Computer modeling[END_REF][START_REF] Khorasheh | High-Pressure Thermal Cracking of n-Hexadecane[END_REF][START_REF] Jackson | Temperature and pressure dependence of n-hexadecane cracking[END_REF][START_REF] Herbinet | Thermal stability of n-dodecane: experiments and kinetic modeling[END_REF][START_REF] De Witt | Computer Generation of Reaction Mechanisms Using Quantitative Rate Information: Application to Long-Chain Hydrocarbon Pyrolysis[END_REF][START_REF] Yu | Kinetics of Supercritical-Phase Thermal Decomposition of C10-C14 Normal Alkanes and Their Mixtures Ind[END_REF]). Except for methane, the pyrolysis of alkanes consists of free-radical chain reactions. The chemistry is similar whatever the size of the alkane, yet the number of products formed (and the size of the reaction mechanism) increases with the number of carbon atoms of the molecule. At low and usual pressure (0.1-10 bar), the pyrolysis of an alkane produces 1-alkenes and smaller alkanes or hydrogen by cracking reaction. For example, the pyrolysis of propane leads to two main stoichiometric equations:

C3H8 = C2H4 + CH4 C3H8 = C3H6 + H2
This reaction is used for olefin production by steam-cracking for instance.

In petroleum geochemistry, at high pressure (P>100bar) and low temperature (200<T<500°C), several alkanes were chosen as model molecules of the alkane family in oils. For instance, nhexane was chosen [START_REF] Dominé | Kinetics of hexane pyrolysis at very high pressures. 1. Experimental study[END_REF][START_REF] Dominé | Kinetics of hexane pyrolysis at very high pressures. 2. Computer modeling[END_REF], as well as n-pentacosane [START_REF] Behar | Experimental Determination of the Rate Constants of the n-C25 Thermal Cracking at 120, 400, and 800 bar: Implications for High-Pressure/High-Temperature Prospects[END_REF], n-hexadecane [START_REF] Bounaceur | Inhibiting effect of tetralin on the pyrolytic decomposition of hexadecane. Comparison with toluene[END_REF][START_REF] Burklé-Vitzthum | Kinetic effect of alkylaromatics on the thermal stability of hydrocarbons under geological conditions[END_REF][START_REF] Burklé-Vitzthum | Experimental study and modeling of the role of hydronaphthalenics on the thermal stability of hydrocarbons at laboratory and geological conditions[END_REF] and n-octane [START_REF] Lannuzel | Reassessment of the kinetic influence of toluene on n-alkanes pyrolysis[END_REF]. In HP-LT (High Pressure-Low Temperature) conditions, the pyrolysis of alkanes is a long chain radical-reaction with two major types of propagation chains: a cracking chain and an alkylation one.

In HP-LT conditions, the detailed kinetic model of alkane pyrolysis was already investigated by several authors (e.g. [START_REF] Poutsma | Fundamental reactions of free radicals relevant to pyrolysis reactions[END_REF][START_REF] Dominé | Kinetics of hexane pyrolysis at very high pressures. 2. Computer modeling[END_REF][START_REF] Bounaceur | Modeling of hydrocarbons pyrolysis at low temperature. Automatic generation of free radicals mechanisms[END_REF][START_REF] Dominé | Up to what temperature is petroleum stable ? New insights from a 5200 free radical reactions model[END_REF][START_REF] Burklé-Vitzthum | Thermal evolution of n-and iso-alkanes in oils -Part 1: Pyrolysis model for a mixture of 78 alkanes (C1-C32) including 13,206 free radical reactions[END_REF]). Therefore, only the major aspects will be recalled here.

The pyrolysis of an alkane (here called « µH » [START_REF] Bounaceur | Modeling of hydrocarbons pyrolysis at low temperature. Automatic generation of free radicals mechanisms[END_REF]) can be schematized by the following freeradical cracking mechanism where µ . and β . are free radicals.

Each cracking propagation chain includes two steps: a decomposition reaction by β-scission and an H-transfer reaction:

Cracking chain:

µ . → alkene + β . β . + µH → alkane-minus + µ .
The corresponding cracking stoichiometric equation (I) is:

µH = alkane-minus + alkene
where β . is a radical lighter than µ . , and « alkane-minus » is an alkane lighter than the reactant µH.

The alkylation propagation chains include two types of free radical reactions: additions of µ .

radicals to alkenes and H-transfers:

Alkylation chain: µ . + alkene → µ-alk-plus .

µ-alk-plus . + µH → alkane-plus + µ .

It leads to the alkylation stoichiometric equation (II):

alkene + µH = alkane-plus where µ-alk-plus . is a radical heavier than µ . , and « alkane-plus » is the corresponding alkane which is heavier than the reactant µH.

At low temperature, the addition reactions are fast and the alkylation chains become important, because the activation energy of the additions is particularly low (about 25-34 kJ/mol). So the alkenes become minor products and the global (I + II) stoichiometric equation is:

µH + µH = alkane-minus + alkane-plus

Isomerization reactions also play an important role in product distribution. They can be unimolecular (1,4 and 1,5 H shift isomerization) and bimolecular by H-transfers between the reactant µH and one of its associated radicals µi . leading to another isomer radical µj . : µi . µj .

µi . + µH µj . + µH

We already studied and modelled the pyrolysis at high pressure (700 bar) and low temperature (300-400°C) of n-octane [START_REF] Lannuzel | Reassessment of the kinetic influence of toluene on n-alkanes pyrolysis[END_REF] and hexadecane [START_REF] Bounaceur | Inhibiting effect of tetralin on the pyrolytic decomposition of hexadecane. Comparison with toluene[END_REF][START_REF] Burklé-Vitzthum | Kinetic effect of alkylaromatics on the thermal stability of hydrocarbons under geological conditions[END_REF][START_REF] Burklé-Vitzthum | Experimental study and modeling of the role of hydronaphthalenics on the thermal stability of hydrocarbons at laboratory and geological conditions[END_REF]. The mechanisms described above lead to modelling results consistent with the experimental ones and they are therefore considered as sufficiently complete (meaning that no major reaction was missing).

For n-octane pyrolysis, there are 4 radicals µi . (i = 1 to 4, Figure 1) and 6 stoichiometric equations. The major products are:

-6 "alkane-minus": CH4 to C6H14 -6 "alkane-plus": C10H22 to C15H32 and the alkenes are minor products : C2H4 to C7H14

The objective of this work is to provide background information on the radical reactions occurring during the pyrolysis of n-octane at very low reactant concentration (1 mbar diluted in inert gas -total pressure 1500 mbar -molar fraction 0.07%). It is to be noted that the pressure dependence of rate constant ("fall-off") [e.g. 23] is not studied here, because the total pressure is always above 1 bar. These results are used for constructing a kinetic model. Conditions of low reactant concentration (≤ 10 mbar of partial pressure) can be found in various processes or natural conditions: unburned gas and pollutants in fumes [START_REF] Ziegler-Devin | Kinetic study of abatement of low concentration of dibenzofuran by oxidation -Effects of co-reactants[END_REF][START_REF] Tritz | Experimental study of the oxidation and pyrolysis of dibenzofuran at very low concentration[END_REF], low pressure plasmas, chemical vapor deposition (CVD) [START_REF] Vignoles | CVD and CVI of pyrocarbon from various precursors[END_REF][START_REF] Norinaga | Detailed kinetic modeling of gas-phase reactions in the chemical vapor deposit of carbon from light hydrocarbons[END_REF][START_REF] Frenklach | Detailed surface and gas-phase chemical kinetics of diamond deposit[END_REF][START_REF] Benson | Very Low Pressure Pyrolysis. III t-butyl hydroperoxide in Fused Silica and Stainless Steel Reactors[END_REF], very low pressure pyrolysis (VLPP) studies [START_REF] Rice | The Thermal Decomposition of Organic Compounds from the Standpoint of Free Radicals. VI. The Mechanism of Some Chain Reactions[END_REF][START_REF] Allara | A compilation ok kinetic-parameters for the thermal degradation of normal-alkane molecules[END_REF][START_REF] Ford | Liquid-Phase Thermal Decomposition of Hexadecane: Reaction Mechanisms[END_REF][START_REF] Dominé | Kinetics of hexane pyrolysis at very high pressures. 1. Experimental study[END_REF],

atmospheric chemistry (earth or other planets) [START_REF] Atkinson | Atmospheric chemistry of alkanes: Review and recent developments[END_REF][START_REF] Venot | A new chemical scheme to study carbon-rich exoplanet atmospheres Astronomy & Astrophysics[END_REF], etc.

Experimental technique

The experimental pyrolysis study of n-octane has been performed in gas phase at very low reactant pressure (1 mbar) in a closed reactor (1 L) made of Pyrex. The n-octane is diluted in argon and the total pressure is close to 1500 mbar. Special care was taken to avoid oxygen traces.

The temperatures range between 350°C and 450°C and the reaction time from 1 h to 70 h. The analysis was performed by two on-line gas chromatographs. Figure 2 shows the flow sheet of the experimental apparatus.

The experimental setup is connected to a vacuum pump (< 10 -3 mbar). The gases are introduced in the reactor via a round-bottomed flask (2 L) which allows the mixing of the reactant and the inert gas (argon). The liquid reactant (n-octane) is introduced by a syringe through a double septum, protected from the air by a flow of argon. The amount of reactant is very small (10-50 µL), as to ensure that it is totally vaporized in the mixer which is under vacuum (<10 -3 mbar).

Inert gas is introduced by a central injector equipped with 4 nozzles in order to homogenize the mixture. The total pressure in the mixer reaches 2-3 bar, which allows the expansion of the gas toward the reactor in a second step.

The main three steps of an experiment are:

-pumping of all experimental setup and heating of the empty reactor, -mixing of the reactant-argon mixture in the mixer and waiting for the homogenization during 10 min, -expansion of the gases toward the reactor and beginning of the thermal reaction.

During the same experiment, an aliquot fraction is removed at different reaction times from the reactor by expansion toward the heated analysis line. The amount of the aliquot fraction is very small and controlled by the pressure in the reactor (maximum drop of pressure = 20 mbar). The pressure drops are small in regards to the total pressure in the reactor (1500 mbar). Therefore, several aliquot fractions can be removed from the reactor without disturbing the reaction.

The analysis of the reactant and the products is performed by two online Gas Chromatographs.

The chromatograph HEWLETT-PACKARD HP 6850 is equipped with a FID and a semicapillary column (GS-Alumina, length 30 m, diameter 0.53 mm). The temperature program of the oven is as follows: the initial temperature is set at 40°C during 10 min, then a heating rate of 10 °C/min is applied up to 190°C, and the final temperature is kept at 190°C during 20 min. This allows the analysis of the light alkanes and alkenes (from C1 to C8). In this setup, hydrogen cannot be measured.

The chromatograph SHIMADZU GC 17 is equipped with a FID and a packed column (Alltech, length 3.6 m, stationary phase: 35% BCEF -10% OV 101), which works isothermally at 50°C.

It is particularly well adapted to the analysis of the heavy alkanes from C9 to C15, but none of them was detected in the entire study. The GC calibrations were performed by using several standard mixtures.

All data presented in this paper were generally verified by three or four sets of GC data. The repeatability for the molar fractions is usually less than 5% for the major products. The carbon balance is typically 1±0.05 and the C/H ratio remains quite constant (between 0.40 and 0.44 at 400°C and between 0.44 and 0.47 at 450°C).

Experimental results

The major products obtained are methane, ethane and 1-alkenes (C2H4 to C7H14). Figures 3 show the evolution of conversion versus reaction time at different temperatures.

At 450°C and 4 h, the n-octane conversion is greater than 8% and the three main reaction products are ethylene, propene and methane, with molar fractions ranging in the following order:

C2H4 > C3H6  CH4 followed by higher alkenes and ethane:

C4H8 > C5H10 > C6H12  C2H6 > C7H14
The minor products observed are alkanes from C3H8 to C7H16.

The evolution of products versus reaction time will be detailed beneath in section 5 dedicated to the modeling. Figure 4 represents the global evolution of alkanes-minus and alkenes that are the two families of products.

It should be noted that these experimental results are very different from the thermal decomposition of n-alkanes at the same low temperature but at high pressure [START_REF] Lannuzel | Reassessment of the kinetic influence of toluene on n-alkanes pyrolysis[END_REF]. In particular, the cracking stoichiometric equations (for example: C8H18 = C2H4 + C6H14) are not observed since C3 + alkanes are in very low quantities and the alkylation stoichiometric equation (for example: C8H18 + C2H4 = C10H22) are negligible: alkenes are important and alkanes-plus (C8 + ) are not detected. The experimental results at 450°C are given in Table 1 and the details as Supplementary Materials.

4. Discussion: kinetic mechanism of n-octane pyrolysis at very low concentration

In comparison with the study of the pyrolysis of n-octane at 700 bar [START_REF] Lannuzel | Reassessment of the kinetic influence of toluene on n-alkanes pyrolysis[END_REF], the range of temperature is the same (350-450°C), but the reactant partial pressure (1 mbar) is very different, the initial concentration of reactant being lower by more than a factor of 10 5 . The very low concentration of reactant (called µH) minimizes the importance of the bimolecular reactions in the mechanism, in particular the H-transfer in the cracking propagation chain:

µ . → alkene + β .
(decomposition by -scission)

β . + µH → βH + µ . (H-transfer)
In our low concentration conditions, the radicals are decomposed by β-scission of C-C bonds as much as possible (unimolecular reaction), rather than reacting by H-transfer with the reactant (bimolecular reaction, which produces an alkane). The methyl and ethyl radicals cannot be decomposed by β-scission of C-C bonds, so they react by H-transfer with the reactant and produce methane or ethane and µ . which is the chain carrier radical. At low temperature and low pressure, the cracking propagation chain becomes:

µ . → alkene-1 + β .
β . → alkene-2 + βi .

βi . → alkene-3 + βj . and when βj . = CH3 . or C2H5 . , CH3 . or C2H5 . + µH → CH4 or C2H6 + µ .

For the n-octane pyrolysis, there are 4 µi . radicals (Figure 1), which lead to 4 cracking propagation chains and 4 stoichiometric equations.

From µ1 • radical, the low pressure propagation chain is:

µ1 • → C2H4 + C6H13 • C6H13 • → C2H4 + C4H9 • C4H9 • → C2H4 + C2H5 • C2H5 • + C8H18 → C2H6 + µ • (all µi . radicals, including µ1 . )
The corresponding cracking stoichiometric equation is:

C8H18 = 3 C2H4 + C2H6 (I')
From µ2 • radical, an equivalent propagation chain leads to the stoichiometric equation:

C8H18 = C3H6 + 2 C2H4 + CH4 (II')
In the case of µ3 • , there are two possibilities of C-C bond scission:

µ3 • → C7H14 + CH3 • and µ3 • → C4H8 + C4H9 •
These chain reactions lead to the following stoichiometric equations:

C8H18 = CH4 + C7H14 (III'a) C8H18 = C4H8 + C2H4 + C2H6 (III'b)
In the µ4 • radical, there are also two possibilities of C-C bond scission and the stoichiometric equations are:

C8H18 = C6H12 + C2H6 (IV'a) C8H18 = C5H10 + C2H4 + CH4 (IV'b)
So, the stoichiometric equations lead to the formation of two alkanes, CH4 and C2H6, and all alkenes from C2 to C7. This well agrees with the main products observed when the pyrolysis of n-octane is performed at very low reactant concentration.

If we suppose, in a first approximation, that all the cracking stoichiometric equations have the same rate, the global stoichiometric equation is:
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That leads to the following classification:

C2H4 > CH4 = C2H6 > C3H6 = C4H8 = C5H10 = C6H12 = C7H14 (without alkanes in C3+)
The classification has to be compared with our experimental results at 450°C and 4 h (Figures 5 and6):

C2H4 > CH4 ≈ C3H6 > C4H8 > C5H10 ≈ C6H12 > C2H6 > C7H14>> C3H8, C4H10, C5H12, C6H14 and

C7H16

The little quantitative differences between the experimental classification and the classification obtained by the stoichiometric equations could be explained by three approximations. First, the concentrations of the µi • are not equal, because µ1 . is a primary radical which is less stable than a secondary one:

[µ1 . ] < [µ2 . ] ~ [µ3 . ] ~ [µ4 . ]
Consequently, the stoichiometric equation I' (leading to C2H6) is overestimated in the argument which only considers the stoichiometric equations.

Another correction is that the decompositions by β-scission of C-H bonds are not completely negligible at 450°C. They lead to the conversion of ethane into ethylene, which is the major product:

C2H5 • → C2H4 + H • H • + C8H18 → H2 + µ •
Finally, the formation of C3 + alkanes in very low quantities indicates that the H transfer reactions of β . radicals (C3-C6 radicals) are not totally negligible and produce C3 + alkanes:

β . + µH → C3+ alkanes + µ .
This brief kinetic interpretation well explains the chemistry observed for the n-octane pyrolysis at low reactant concentration and low temperature, and the differences in the product distribution obtained at high concentration and pressure (competition: unimolecular versus bimolecular reactions).

5. Modeling of n-octane thermal decomposition at very low reactant concentration.

On the basis of these free-radical reactions, a systematic approach is used to build a detailed mechanism of n-octane pyrolysis at low reactant concentration and low temperature. Using EXGAS software [START_REF] Bounaceur | Modeling of hydrocarbons pyrolysis at low temperature. Automatic generation of free radicals mechanisms[END_REF][START_REF] Battin-Leclerc | EXGAS-ALKANES-ESTERS: A software for the automatic generation of mechanisms for the oxidation of alkanes and esters[END_REF], the mechanism (primary and partial secondary) is made of 184 reactions involving 34 species (16 molecules and 18 radicals). The kinetic data originate from NIST Database [START_REF] Manion | NIST Chemical Kinetics Database[END_REF] or literature and are summarized in [START_REF] Bounaceur | Modeling of hydrocarbons pyrolysis at low temperature. Automatic generation of free radicals mechanisms[END_REF]. The simulations are performed using Chemkin II software [START_REF] Kee | Chemkin-II: A Fortran chemical kinetics package for the analysis of gas-phase chemical kinetics[END_REF], in a closed isochoric and isothermal reactor (Senkin).

The comparison between the experimental results and simulation ones led to the adjustment of some rate constants by a minor factor (less or equal to 10) in order to better account for main pyrolysis products. Figures 5,6 and 7 present the comparison between the experimental data and the simulation results of the molar fractions (n-octane and reaction products) versus time (1 to 240 minutes) at 450°C and 1 mbar of n-octane partial pressure (total pressure 1500 mbar -molar fraction 0.07%).

The detailed kinetic model accounts for the nature of the products observed as well as for their amounts, at least semi-quantitatively. The evolution of alkenes, n-octane and propane is well simulated by the kinetic model, although ethene is very slightly over-estimated, and pentene and hexene are under-estimated, but they are minor products. The overestimation of ethene can be due to additions of some radicals to alkenes, which are secondary reactions not taken into account by the model. Methane and ethane are also very slightly overestimated by the model, probably for the same reason, because methyl and ethyl radicals are the predominant radicals. In the case of ethane, this may also be due to the decomposition of C-H bonds, which is not completely negligible at 450°C and leads to the conversion of ethane into ethylene. Nevertheless we can therefore conclude that the kinetic model is globally validated as well as the kinetic scheme proposed to explain the chemistry observed at very low concentration.

By simulation of the kinetic model, the chain length can be estimated by the ratio of the global propagation rate to the initiation rate. The main H-transfers with n-octane are those implying the methyl and ethyl radicals. The chain length is equal to 120 at 450°C and low n-octane concentration (molar fraction 0.07%). The chain length increases when the temperature decreases and in our conditions, the chain length is always very high.

When a reaction follows a first order kinetic law, the plot of log (1-conversion) versus time must give a linear relationship and the slope corresponds to the rate constant. Assuming a first order kinetics, we can estimate the apparent activation energy of n-octane pyrolysis: it is close to 218 kJ/mol and the frequency factor is about 3.63×10 10 (s -1 ), in the range 350°C -450°C and 1 mbar of n-octane partial pressure. This apparent activation energy is lower than that of alkane pyrolysis at the same temperatures but at high pressure (100-700 bar), which is close to 284-289 kJ/mol [START_REF] Behar | Experimental Determination of the Rate Constants of the n-C25 Thermal Cracking at 120, 400, and 800 bar: Implications for High-Pressure/High-Temperature Prospects[END_REF][START_REF] Lannuzel | Reassessment of the kinetic influence of toluene on n-alkanes pyrolysis[END_REF][START_REF] Burklé-Vitzthum | Thermal evolution of n-and iso-alkanes in oils -Part 1: Pyrolysis model for a mixture of 78 alkanes (C1-C32) including 13,206 free radical reactions[END_REF][START_REF] Behar | Elaboration of a new compositional kinetic schema for oil cracking[END_REF].

This difference can be explained by the concentration of reactant that is totally different in our case in comparison to those applied in [START_REF] Behar | Experimental Determination of the Rate Constants of the n-C25 Thermal Cracking at 120, 400, and 800 bar: Implications for High-Pressure/High-Temperature Prospects[END_REF][START_REF] Lannuzel | Reassessment of the kinetic influence of toluene on n-alkanes pyrolysis[END_REF][START_REF] Burklé-Vitzthum | Thermal evolution of n-and iso-alkanes in oils -Part 1: Pyrolysis model for a mixture of 78 alkanes (C1-C32) including 13,206 free radical reactions[END_REF]. The elementary reactions that are important, are also different, depending on the reaction conditions. Indeed, in the chain propagation, the Htransfers of radicals with reactant, which produce smaller alkanes than the reactant, are in competition with the decomposition of this radical by β-scission which produce smaller alkenes:

β . → alkene + β' . β . + µH → alkane βH + µ .
At very low reactant concentration, unimolecular decomposition reactions are greatly favored over bimolecular reactions, and that leads to very different apparent activation energies.

Conclusion

An experimental study of the pyrolysis of n-octane has been performed at very low reactant concentration (1 mbar diluted in inert gas -total pressure 1500 mbar -molar fraction 0.07%) in a closed reactor, at temperatures between 350°C and 450°C and reaction time from 1 h to 70 h.

The major products of the reaction are 1-alkenes (C2H4 to C7H14), methane and ethane. These experimental results are different from the thermal decomposition of n-octane at the same low temperature but at high pressure (the major products are only alkanes at 700 bar).

Indeed, at very low reactant concentration, unimolecular decomposition reactions are greatly favored over bimolecular reactions. In our low concentration conditions, radicals decompose several times by β-scission of C-C bonds as much as possible (unimolecular reaction), rather than react by H-transfer with the reactant (bimolecular reaction) which produces an alkane. The methyl and ethyl radicals cannot decompose by C-C β-scission, and so they react by H-transfer with the reactant and produce methane or ethane and µ . , which is the chain carrier radical.

On the basis of these free-radical reactions, a detailed kinetic model (184 reactions, 16 molecules and 18 radicals) is proposed, which allows a satisfying description of the experimental results:

-the nature of the principal reaction products is correct, -C2H4 is the most important product, -CH4 and C2H6 are the only two important alkanes, -the alkenes from C3 to C7 are formed in rather close quantities, -the C3 + alkanes are very minor products.

These results of n-octane pyrolysis obtained at very low reactant concentration underline the crucial role of concentration and partial pressure in the reaction pathways and products of the alkane pyrolysis. They clearly demonstrate that results obtained at low partial pressure cannot be extrapolated at high pressure and vice versa. 

Figure 1 .

 1 Figure 1. The µi . radicals of n-octane. Names used in the equations of reactions.

Figure 2 .

 2 Figure 2. Flow sheet of the experimental setup.

Figures 3 .Figure 4 .

 34 Figures 3. Evolution of n-octane conversion as a function of time, a) at 400°C, up to 4300 min,

Figures 5 .

 5 Figures 5. Comparison between experimental (dots) and simulation (solid lines) molar fractions

Figures 6 .

 6 Figures 6. Comparison between experimental (dots) and simulation (solid lines) molar fractions

  

  

  

TABLE CAPTION Table 1 :

 CAPTION1 Product distribution in mol. % -Octane pyrolysis at 450°C-initial pressure of octane = 1 mbar -total pressure = 1500mbar

	Time [min]	1	60	120	180	240
	CH4	-	9.40×10 -4	1.39×10 -3	1.87×10 -3	2.25×10 -3
	C2H6	-	2.40×10 -4	3.21×10 -4	4.06×10 -4	5.32×10 -4
	C3H8	-	8.07×10 -6	1.01×10 -5	9.46×10 -6	1.31×10 -5
	C4H10	-	3.23×10 -6	4.90×10 -6	4.71×10 -6	5.27×10 -6
	C2H4	-	3.28×10 -3	4.79×10 -3	6.31×10 -3	7.56×10 -3
	C3H6	-	1.32×10 -3	1.94×10 -3	2.65×10 -3	3.22×10 -3
	C4H8	-	6.56×10 -4	8.85×10 -4	1.16×10 -3	1.40×10 -3
	C5H10	-	5.18×10 -4	7.50×10 -4	8.74×10 -4	9.61×10 -4
	C6H12	-	4.94×10 -4	6.43×10 -4	7.50×10 -4	8.60×10 -4
	C7H14	-	1.02×10 -4	1.43×10 -4	2.16×10 -4	2.02×10 -4
	C8H18	6.65×10 -2	6.49×10 -2	6.31×10 -2	6.21×10 -2	6.11×10 -2