
The Influence of Nanoporosity on the Behaviour of Carbon-bearing Fluids

Motivation and Objectives
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Material
Diffusivity

Dt (³10-10 m2/s)

Silica 7.8 °0.5

MgO 5.9 °0.2

Alumina 4.0°0.7

Porosity and permeabilityare key variableslinking Origin , Form, Movement, and Quantity of carbon-

bearingfluids thatcollectivelydictatethephysicalandchemicalevolutionof fluid-gas-rock systems.óOriginô

is knownasthecollectivestructureandpropertiesof bulk fluids.óFormôis relatedto themolecularstructure

of confinedfluids, which includessegregationof molecularspeciesacrossthepore.óMovementôis reflected

on thediffusion andtransportmechanismsof confinedfluids.óQuantityôis definedasthesolubility of gases

in confined fluids. There is generalagreementthat the collective structureand propertiesof bulk fluids

óOriginôarealteredby solid substrates,confinementbetweentwo mineralsurfacesor in narrowporesdueto

the interplay of the intrinsic length scalesof the fluid moleculesand the length scaleof fluid-solid (i.e.,

confinement)interactions. The goal is to showhow the structureof nanoporesis responsiblefor a variety of

effects relevant to Origin , Form, Movement, and Quantity of carbon-bearing fluids using Molecular

Simulation techniques.

Transport Mechanisms Under Nanoconfinement

Tuan A. Ho, Anh Phan, Thu Le, Tai Bui, Sakiru Badmos, Tran Le and Alberto Striolo

University College London, Department of Chemical Engineering, Torrington Place, London, WC1 E7JE, United Kingdom

Siddharth Gautam, David R. Cole

School of Earth Sciences, The Ohio State University, Columbus, Ohio 43210, USA

Simulation Methodology

Order of ôSolubilityõ

Silica > Alumina > MgO

Molecular Dynamics Simulations

× Newtonôs equations of motion

× The force F is related to the potential energy U
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Steric effects enhance surface vs. pore diffusion

Transport of guest molecules in confined fluids

Solvation Behavior

Methane Transport

Correlation between Dynamics of óGuestô Methane and óHostô WaterFree Energy Landscapes

Confinement Effects on Solubility

Confinement Effects on Reactivity

Methanation of carbon dioxide

CO2 Production from Methanation Process by RxMC approach

CO2 + 4H2ª CH4 + 2H2O

Reactive Ensemble Monte Carlo

Force Fields (FF)
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Exploring the behaviour of complex geo-fluids confined in micro- and mesoporous networks provides the foundation for quantifying geologically relevant systems where mass and energy exchange occur. Nanoconfinementin porous 

systems gives rise to rich behaviour that results from the interplay of geometrical restriction imposed by different pore features (size, geometry, chemical composition, among others), the interaction between the porous material and the fluid, 
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fluid behaviour in confined geometries underscores the need to adopt a multidisciplinary approach including experimental approaches and molecular simulations.

WaterMethane

Diffusion of aqueous methane 

can be anisotropic 
Calcite Pores

Density fluctuations of confined water impact methane transport 

Methane Solubility in Confined Water
Water Fluctuations

Order of ôHydrophobicityõ

Silica > MgO > Alumina

Silica Pores

Confinement could alter the 

expected equilibrium regarding 

CO2 methanation reaction??? 

Equilibrium composition 

shifted towards CH4

production ­ thermal 

hydrocarbon synthesis near 

hydrothermal vents, and 

deeper in the magma-

hydrothermal system is 

possible
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Sample
Experimental 

Conditions

Diffusion Coefficient

D (³10-6 cm2/s)

Propane 8 bar, 337 K 3.06 °0.36

58 bar,337 K 75.90 °12.14

Propane + CO2 43bar, 300 K 113.10 °7.40

75 bar, 300 K 129.56 °17.60
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Adding another fluid preferentially 

adsorbed on the solid substrate 

enhances the fluid diffusion
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Fluid-fluid interactions ­molecular hurdles 

Water bridges hinder the movement of volatile hydrocarbons 
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Methane ïWater in Muscovite Pores

Propane ïWater in Amorphous SiO2 Pores

Water Ethanol

H2 + CO2ª CO + H2O 3H2 + CO ª CH4 + H2O

Partial CO2 Reduction in CO2 Methanation Process by RxMD approach

CO2 + 4H2ª CH4 + 2H2O

Reactive Molecular Dynamics Simulations

E = Eb+ Ea + Edihe + Ecoul + EVDW 

Standard FF
Harmonic 

potentials

ReaxFF
Non-harmonic 

potentials

Water-Ethanol in Alumina Pores

CO2ïButane in b-Cristobalite Pores

Mean Square Displacement (Å2)

Arrhenius Formalism

Higher Diffusion of Water in Alumina Pores
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H2S Solubility in Confined Water

H2O coordination in order 

bulk > 2.2nm > 1.49nm > 1nm

Thermodynamic Analysis �±Bulk System
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Partial CO2 Reduction in Bulk

System composition 

obtained at 2000 K 
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Partial CO2 Reduction in Silica Nanopores

Fragments reminiscent of carboxylic acids and formate, parts of the biological Krebs cycle, observed ­ confinement could 

provide pre-biotic precursors of core metabolic pathways. To relate to the possible geological CO2 reduction in the presence of 

excess H2, the study should be extended to, e.g., Fe olivine doped with transition or noble metals.
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