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ADSORPTION AND POROMECHANICS

Bulk density Γ = N s /A Density Solid Adsorption is the adhesion of fluid molecules at the surface of a solid due to favorable fluid-solid molecular interaction. From the mechanical point of view, adsorption is known to induce mechanical stresses. The mechanical impact of adsorption can be sketched in the case of a thin plate: In coal, adsorption occurs in the nanopores of the solid matrix. Poromechanics can be extended to account for adsorption in nanopores. The constitutive equations are:

General poromechanics        σ = K -∂ ∂ p 0 n Vb dp p,e ij =0 n Vb = n ( = 0, p) Vb (p) -∂ ∂p 0 σd ,e ij =0 s ij = 2Ge ij (1)
K and G are the elastic moduli of the dry sample. n ( , p) is the adsorbed amount per unit volume which depends on the strain and on the bulk pressure p of the fluid Adsorption can make the sample swell or shrink, and can make the poroelastic moduli non-linear Coal is an amorphous medium and is expected to exhibit the same type of dependence of the adsorbed amount of fluid on the strain of the medium What about an amorphous chain?

The adsorption behavior in the amorphous chain is linear: 

n ( , p) = n ( = 0, p)•(1 + C * ) (2 

CONSEQUENCE ON THE MECHANICAL BEHAVIOR

The first constitutive equation of the general poromechanics (Eq. 1) relates the mechanical effect to the adsorption isotherms In order to understand the mechanical effect of adsorption, the strain-adsorption behavior is needed.

For amorphous solids the adsorption is linear with strain, which means that the impact on poromechanics can be captured by a simple model How adsorption in nanopores depends on the strain can be understood in terms of pore commensurability Application to coal is satisfying

  A d s o r b e d l a y e r

Pore

  Requires to know the adsorbed amount as a function of both the pressure p and the strain . explained by the commensurability of the size of the pores to the size of the adsorbed fluid molecules. Reduced fluid pressure p * = p/K = 5.742 × 10 -3

  dependence (Eq. 2) of the adsorption on the strain, the constitutive equation (1) can be simplified. model (Eq. 3) captures the coal swelling in unjacketed conditions p 1 p 2 > p 1 (Experimental results from Ottiger et al. (2008)) This work CO 2 -This work CH 4 -Ottiger et al. CO 2 -Ottiger et al.
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