
Atomistic Study of Fluid Transport in Hierarchical Porous Materials

Motivation and Objectives
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Shalegashasreceivedmuchattentionin recentyears. Shalematricesarestructurallycomplexnaturalporousmediawhoseporespaceis

highly heterogeneous,with a poredistributionspanningordersof magnitude,from a few nanometresto a few microns. Describingfluid

transportpropertiesremainschallengingdue to the presenceof multi-scaleporouscharacteristicsand compositionalheterogeneity

within the rocks. A fundamentalunderstandingof fluid transport in shale matricesduring shale gas extraction is important for

improvinggasproductionandloweringbothproductioncostsandenvironmentalfootprint.

In this study,we employ the BD-NEMD approachto simulatemethaneflow throughhierarchicalamorphoussilica porousmaterials

representativeof thosefound in shalegasplays. We collect resultsfor permeabilityand transportdiffusivity, and we correlatesuch

resultswith porestructureinformation. Theempiricalrelationpresentedherefor estimatingtransportdiffusivity andpermeabilitycould

haveimportantimplicationsfor understandingstructure-transportrelations,butalsofor predictingfluid transportin shaleformations.

Fluid Transport Properties
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Simulation Methodology

Molecular Dynamics Simulations

× Newtonôs equations of motion

× The force F is related to the potential energy U
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Transport Diffusivity 

Force Fields

Calculation Methods

This study suggests that an atomistic modelling approach based on BD-NEMD simulations can be used to predict fluid transport properties across sedimentary rocks through an empirical power relation. Bridging the gaps between a few 

pores, a few hundreds of pores and ultimately complex pore networks would be a significant achievement in the development of bottom-up multiscale modelling frameworks with predictive empirical relations. Numerous computational 

and theoretical approaches have shown potentials of techniques for studying fluid transport through porous media at longer length and bigger time scales accounting for fluid-rock interactions andthe wide range of confined fluid states. 

CH4 diffusivity and 

permeability through the 

pores strongly depend on 

the frameworks
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Boundary Driven Non-Equilibrium Molecular Dynamics 

- Porous Materials: Amorphous SiO2ïCLAYFF

- Fluid Molecules: Methane ïTraPPE

- Temperature: 338 K

- Bulk Pressure: �a20 MPa

- External Force: 0.005, 0.01, 0.03, 0.05 kcal/molÅ

- Equilibrate each system with 50 ns with no external 

force applied ïNVT ensemble

Hierarchical Pore Models

× Computational Details

Permeability

De (�u10-7 m2/s) Ke (�u10-5 molm/m2MPa)
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Quantification of Path Length
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log-normal distribution

Shorter walking path length 

�o larger inverse residence 

time 

CH4 travels more easily in 

porous media with no 

blockage where larger 

amounts of mesoporous 

volume is available 

Transport Properties vs Pore Characteristics
Amorphous Silica Fontainebleau Sandstone

PermeabilityKe (�u10-5 molm/m2MPa)
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External Force Fext

Fluid Flow Characterization 

Fluid Density Profiles

At Equilibrium

During Flow

Flow Density and Velocity Vector Map

Entropy Potential Profiles �±Hindrance Effects
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Diffusion in porous media of varying 

channel cross-sectional area = 1D 

diffusion across entropy barriers

Entropic barrier affects travel path 

length �o plays a crucial role in 

controlling fluid transport

- Existence of regions with local backflow = resistance to flow

- Resistance to flow scales with
surface areas = surface roughness

bottlenecks and reduction of cross section

Applied forces do not 

perturb strongly the 

structural properties of 

confined methane

Flow Profiles in Reconstructed Random 

Porous Media 

Lattice Boltzmann Simulation 

Adsorption Process 

Scanning Electron Microscopy of Shales

Haynesville Shale 

pore structures, types, sizes and distributions 

observed
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