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Abstract

Hydrocarbon production from shales has significantly increased in the past years. However, the recovery process remains largely unknown, which hinders the sustainability of such resources. In particular, hydrocarbons in shales are mostly located in microporous nodules of organic matter, the so-called kerogen, which are likely to act as selective barriers to hydrocarbon flow [START_REF] Falk | Subcontinuum mass transport of condensed hydrocarbons in nanoporous media[END_REF].

In this work, hydrocarbon transport properties through microporous kerogen membranes [START_REF] Collell | Molecular Simulation of Bulk Organic Matter in Type II Shales in the Middle of the Oil Formation Window[END_REF] were investigated by the means of molecular simulations. To do so, Boundary-Driven Non Equilibrium Molecular Dynamic (BD-NEMD) [START_REF] Frentrup | Transport diffusivities of fluids in nanopores by nonequilibrium molecular dynamics simulation[END_REF] simulations (see figure 1) have been performed to study the mechanisms of pure fluids transport through kerogen porous structure. By expressing the one-dimensional mass flux across the porous structure as a function of chemical potential gradient, mass transfer coefficient (𝜒 𝑡 0 ) through the kerogen membrane has been determined. These mass transfer coefficients were compared to Maxwell-Stefan diffusivities ( 𝐷 ), obtained from Equilibrium Molecular Dynamic (EMD) simulations. Within uncertainties, these two coefficients are equals. As an illustration, in figure 2 are presented the results obtained for pure methane and pure carbon dioxide. Thus, our results show that hydrocarbon transport within kerogen is essentially caused by a diffusion process. In addition, it has been found that Maxwell-Stefan diffusivities could be well approximated by the self-diffusivities, which could be obtained experimentally.

______________________________________________________________________________________________________ JEMP 2016 -Anglet, France -12-14 Octobre 2016. Based on these observations, linear hydrocarbon (n-alkane) diffusion was investigated. The impact of hydrocarbon chain length and the thermodynamic conditions (temperature and adsorbed amount) was quantified and modeled.

Then, from the conclusions drawn on pure compounds, diffusion of binary and ternary hydrocarbon mixtures, as well as a realistic reservoir fluid mimicking a typical condensate gas [START_REF] Collell | Molecular Simulation of Bulk Organic Matter in Type II Shales in the Middle of the Oil Formation Window[END_REF] has been studied. The Onsager's matrix, characterizing the diffusive flux, has been quantified. This matrix is dominated by its diagonal coefficients, whereas Onsager's cross-correlation coefficients are negligible. This indicates that diffusive fluxes induced by interspecies friction are negligible compared to the diffusive fluxes induced by friction with the porous structure. Such behavior can be explained by the important confinement of the fluid species, within the kerogen micropores. Finally, inspired by the Rouse and surface diffusion theories, we propose a simple scaling law that predicts the transport coefficients of linear alkanes in the mixture in good agreement with our simulations data [START_REF] Collell | Transport of Multicomponent Hydrocarbon Mixtures in Shales Organic Matter by Molecular Simulations[END_REF].
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 1 Figure 1: Schematic representation of NEMD algorithm used in this work. Kerogen membrane is immersed within two fluid reservoirs. A pressure difference is generated between the two reservoirs, thanks to an external field applied in the so-called perturbation region, which results in a fluid flow within the kerogen membrane.
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 2 Figure 2: Comparison of mass transfer coefficients 𝜒 𝑡 0 with Maxwell-Stefan diffusivities 𝐷 obtained on pure methane and carbon dioxide, as a function of the average reservoir pressure.