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Strain - adsorption behavior in disordered nanoporous solids
Laurent BROCHARD*, Matthieu VANDAMME*, Roland PELLENQ™, Teddy FEN-CHONG?*

.NﬂVle/r *Universite 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 sequestration projects in coal fields.

In this work we study how adsorption modifies the mechanical behavior of coal. Constitutive equations for generic porous (and nanoporous) solids are derived. These equations
require the knowledge of the adsorption behavior in function of the solid strain. In order to better understand the coupling between strain and adsorption, we explore by molecular
simulation the adsorption of fluid on 1D nanoporous solids. We first study an ordered nanoporous 1D solid, in which all nanopores are of the same size. The adsorption depends
In a complex manner on the strain of the solid, which can be understood in terms of the pore commensurability to the size of the adsorbed fluid molecules. The consequence on
the mechanical behavior of the chain is complex (swelling or shrinkage, pressure-dependence of the poroelastic coefficients...). We then study an amorphous nanoporous 1D solid,
made of nanopores with various sizes. In such a case, the adsorption depends linearly on the strain of the solid and a simpler form of the constitutive equations can be derived.
These simpler constitutive equations enable to capture satisfactorily how coal swells under an adsorption of CO-.
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CONSEQUENCE ON THE MECHANICAL BEHAVIOR

p,e;=0
nVp = n(e=0,p) Vo(p) — & ([, ode) . - . .
’ op \JO _ The first constitutive equation of the general poromechanics (Eq. 1) relates the
,6;=0
Sii = 2Gejj mechanical effect to the adsorption isotherms
o 0.01 -
X
. . X : * —
@ K and G are the elastic moduli of the dry sample. _ T ém 0.005 - neducedluid pressure o7 = p/K
@ n (e, p) is the adsorbed amount per unit volume which depends / o | | Crystalline chain: % a o ° o0
_ . ,l 1 Clf = 0 \l<:>L o o
on the strain € and on the bulk pressure p of the fluid 1 { . > pp—r 05 o4 3 -2
. . § / Complex adsorption = 0 0 0 o \ 0
@ Adsorption can make the sample swell or shrink, and can make : / . £-0.005 - A
. . . / : = Complex mechanical % . "
the poroelastic moduli non-linear - offect P 0.09 o Measure  Poromechanics .
R . o k th d bed t £ . f both th @ 7] ¢=0.05 a Measure— Poromechanics _ \
I ]
equires 10 KNow tne adsorped amoun ag d Tunction of Do € pressurej | The fluid can make the ©0015{ =0 o Measure Poromechanics ]
P and the strain e. solid swell or shrink @ 902 | €= —0.05x Measure— Poromechanics "
O . 7
§ e = —0.09m Measure  Poromechanics o
oe-0.025 Reduced fluid pressure p* = p/K
CRYSTALLINE ONE DIMENSIONAL CHAIN 106 (05 prossre P =p/¥ -
w O 1 I 1 1 ]
. . . xx YRS \.\ \
Case of a linear elastic chain A ) - 'bm 0.001 - — _. .
subjected to the adsorption of T morphous chain. 2 0.002. 2 .\_
Lennard-Jones flui i - . . Z -
| a Lennard-Jones fluid :, g Linear adsorp“Oﬂ g’ -0.003 - A\ \
¢ *| | = Uniform disjoining £ -0.004- SN
§ ry effect 8 -0.005{ ¢=0.09 ¢ Measure Thermodynamics NN
—_— )]
g GS’ The fluid a|WayS makes § .0.006 1 €¢=0.05 A Measure — Thermodynamics o
g % the Solid Swe” ai _0.007 4 e=0 e Measure —ThermOdynamiCS —
..g’ S § e =—0.05 x Measure — Thermodynamics
© - i
‘:é; S § 0.008 e=—0.09 @ Measure Thermodynamics ¥
: o c -0.0094 — Simplified model
< g -0.01 -
r Given the simple dependence (Eqg. 2) of the adsorption on Il RIEE) e
0.1 -0.05 0 0.05 0.1 b )
Strain ¢ the strain, the constitutive equation (1) can be simplified. o= Ke— C/ n(e=0,p) Vhdp (3)
0
Pore size, A
5.4 5.6 5.8 6 6.2 6.4 66
| 0.005 ' ' ' ' ' 27 § APPLICATION TO COAL
The uneven adsorption o 0 . v
: : = | : , e _ 4.5 - .
behavior can be explained £% = z The simplified poromechanical . Expe”met”ta'd”]‘cgfé“ée Y
C o . I A @ . ren ) Ae A ==
1 O ’G 23 - o A A - /./. *
by the commensurability ; < o1 eSetetete g model (Eq. 3) captures the coal R 35 ) NA/ i
of the size of the poresto 8§ | 21 2 swelling in unjacketed conditions 5 3 s
| x > .0.015 - D = N
the size of the adsorbed = & . 0254 L0 os .
. 8¢ -002 "~ 8 E 2] a ) 4 = = _mtm ® @
fluid molecules. 2 E E. sl o e " Lo T
r -0.025° | . ., [ E ' = P = CHy - This work
# 005 Reduced fluid pressure p* = p/K = 5.742 x 10 e + S 1. //_ o -N° 2 CO; - This work
R o 0.54 "™ - Experimental measure + CH, - Ottiger et al

e CO> - Ottiger et al.

0 :/ trgnd for QH4
0

2 4 6 8 10 1I2 1I4
C O N C L U S I O N S (Experimental results from Ottiger et al. (2008)) Pressure, MPa

@ In order to understand the mechanical effect of adsorption, the strain-adsorption @ How adsorption in nanopores depends on the strain can be understood in terms of pore
behavior is needed. commensurability

@ For amorphous solids the adsorption is linear with strain, which means that the impact @ Application to coal is satisfying
on poromechanics can be captured by a simple model
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