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natural phenomena
*hydrology of ground water
enatural purification and pollution

Industrial activities
«0il extraction
*mixture separation, filtering
ecatalysis
sensor development

basic research



Adsorption Hysteresis in Porous Material
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Adsorption Hysteresis in Porous Material
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curves of states
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driving force: gradient of chemical potential
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Thank you

critical remarks
welcome !
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Adsorption Hysteresis in Porous Material
Quotations from literature:

Metastable states ...... appear to be the most important aspect.?

.. In the experimental system the metastable states just do not have
time enough to relax...t

...a failure of the system to equilibrate.?

This explains why hysteresis, although representing a departure
from equilibrium, is so reproducible in experiment.?

1 D.Wallacher et al., Phys. Rev. Lett. 92, (2004) 195704-1
2 R.Valiullin et al., Nature Letters, 443 (2006) 965-8



Adsorption Hysteresis in Porous Material
Quotations from literature:

However, even In experiments in which accessible observation
times are much longer than in simulations, a hysteresis is usually
observed, whose properties are quite reproducible.?

1J. Puibasset et al. J.Chem.Phys. 131 (2009) 124123-1/10



treated explicitely in simulation

adjusted o adjusted
. — .
gas density v | 9as density
B i im i imimimimimmmimimimimmmmmimmmimm]
L]

T T T T

A
e e N NN
D i)
iy
LOrE - YT
Pt o T o T o o T o T o o T o T o o T o T o

gas reservoir

shape of pore

isotherm of pores with two open ends

curves of states
straight pore with two open ends
5.E-09 -
. 4“
—— COS(alfa) point

I

NE —»— COS(beta) :

o 3E-09 1 !

© i

E :

T 2E-09 - ; l

o 1 I

— I I

I I

I I

I I

1.E-09 - ' !

desorption switch
point
0E+00 T T T T T 1
-6700 -6600 -6500 -6400 -6300 -6200 -6100
chem. pot. [J/mol]

crossing of grand potential curves

gas reservoir
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Inhomogeneous case:

Specializing to van der Waals fluid:

EP(p(F)=-a-p(F) ==  E™(F)=-a-p(F)



Employing the potential energy as internal energy (o0.k. for
Isothermal systems) we can write the free energy:

A7) =0T (o) 500 T 5,(F) - depends on () andon (7

The chemical potential can then be shown to be:
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For 2D and 3D simulation:
Convolution function as sum of Gaussians

) with Y, =1
k

where G, (F—7)=G,,(z-2])-G,, (y-y|)- G (x—x))
47zTGk(r)- r’d’r =1

0

Factorization of Gaussians saves computer time
~ 1 order of magnitude for 2D, ~2 orders of magnitude for 3D
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Further savings in computer time:

*in region of mild inhomogeneity:
Cahn Hilliard approximation
square gradient method

5(2)= [ .~ 2) pl2)z = plz)+m- ZZP (2)
o B e (M S
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~adaptive grid
large gain in computer time possible compared to grid of fixed resolution



