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No.2-3: Coupling of adsorption and strain in coal
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.A}QVT,@/T‘ *Université Paris-Est, Laboratoire Navier (UMR CNRS 8205), Ecole des Ponts ParisTech
TCINaM (UPR 3118), Université de Marseille & Civ. and Env. Eng., MIT

ABSTRACT

The swelling of coal induced by an adsorption of CO, impedes a large scale deployment of carbon storage projects in coal fields. How adsorption can
lead to a strain of a porous material is theoretically explained by poromechanical equations extended to microporous media. The adsorption-induced
stress depends on the amount adsorbed per unit undeformed volume, in particular how this amount varies with strain. In this work we study the coupling
between adsorption and strain in coal in two different ways: by molecular simulation of adsorption in a realistic molecular model of the coal matrix and
by analyzing results of immersion experiments in which both the adsorbed amount and the swelling of the sample are measured. For positive strains,
the adsorption depends linearly on the strain and the derivative of the adsorbed amount with respect to the strain is almost proportional to the adsorbed
amount at zero strain. However, carbon dioxide exhibits a peculiarity for temperatures and pressures close to the critical temperature and pressure,
which can be explained by the molecular aggregation which occurs in such conditions. These adsorption behaviors combined with the poromechanical
equations enable us to estimate the differential swelling of coal for coalbeds at various depths.

CONTEXT - CARBON SEQUESTRATION AND SWELLING OF COAL STRAIN-ADSORPTION COUPLING
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to the differential swelling: CO, adsorption in coal induces a larger
swelling of coal than CH4 adsorption.
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Second approach: Analysis of results of immersion experiments
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POROMECHANICS EXTENDED TO ADSORPTION IN MICROPORES
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Constitutive equations valid for microporous media (Brochard et al., Fluid bulk pressure P, MPa
2011 - Smeitted): (Analysis of the experimental results of Ottiger et al. (2008))
@ s and s; are the volumetric and deviatoric
General constitutive equations stresses; APPLICATION TO CARBON STORAGE
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o= Ke — g { fOP anu,de} @ P is the bulk pressure of the fluid: Differential swelling during the injection process in coalbeds:
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