Some Physical Aspects of Adsorption

The dispersion forces between the adsorptive

Non'pOTOUS SOlId molecules and the surface atoms or ions of the
adsorbing solid are described by the Lennard-Jones
potential [1]:
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Brunauer, Emmet and Teller [2] BET-Plot
developed a model describing
the adsorption on surfaces

considering multilayers:

Adsorption isotherms can be classified in six types according to IUPAC [3,4].
The Type | is typical for microporous solids and chemisorption isotherms. Type Il
W G AU WO ’ T “| is shown by finely divided nonporous solids. Type Il and Type V are typical of

R CED TR R T vapors, i.e. water on hydrophobic solids. Type IV and Type V feature an

hysteresis loop generated by the capillary condensation in mesopores. The rare
This equation can be linearized setting BE_ L. oty Type VI, the steps-like isotherm, is shown e.g. with nitrogen on special carbons.
the number of layers to infinite: Vil He
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Classification of pores according to their width
0548 0 o Micropores ~ Less than 2 nm
1 Sr?grlﬁl}??hrgrjsr:]?]lz\ézra‘/rzgj'me [ — 2 Mesopores Between 2 nm and 50 nm
’ Macropores Larger than 50 nm

The Young-Laplace equation [1] describes the

MeSOPOTOUS Solid pressures at the interface of a liquid droplet and

the gas phase above, using the surface tension:
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A\ % \ 72 i Considerations on the surface energy lead to the

Kelvin equation, that put in relation the relative
pressure and the curvature radius of the liquid
meniscus:

The Kelvin equation gives directly the core radius, considering that the

wetting angle is equal to zero. Then, the pore radius is calculated taking into
account the adsorbed film thickness on the pore walls and a cylindrical pore
geometry [5].
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At low relative pressures the surface of the pore walls adsorbs a multilayer of adsorbate. If the pressure is raised, droplets of adsorbate
occur on optimal energetic points of the pore surface with curvatures according to the Kelvin equation. If the droplets touch each other, the £
pores will be filled with condensed adsorbate. This will evaporate during the desorption from pores showing core openings larger than the oo
Kelvin radius. The adsorption branch is pore-dimension dependant, and the desorption branch is related to the pore openings. BJH-Plot (Adsorption Branch) BJH-Plot (Desorption Branch)
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A thermodynamic view of adsorption in micropores leads to the : iggig

following fundamental equation: . 26202
-1.8524

Microporous Solid Ao [l |- il ol Nitrogen on Carbon
oo DP[NM] __ OLN(P/P) _ P[TORR] _ DGIKJMOL]
. o e o o 0 § § . . -125

- 4G = RT In{p"/p)
Dubinin and Raduskevitch [6] developed a model that describes the

micropores filling giving a linear plot and resulting in the pore
volume:
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r Horvath and Kawazoe [8] developed a method to calculate the
T - T ) a1 T £ micropore size distribution according to the relation between the
as 3 as 3 as 3 as 3 as 3 pore width and the resulting adsorption potential. The integration
In micropores the potentials of both sides of the pore walls overlap, thus enhancing the adsorption of the potential function gives a relationship between the relative
potential [7]. The smaller the pore width the deeper the resulting potential becomes. This results in an pressure and the pore size:

enhanced adsorption energy, and adsorption takes place at very low pressures (see the right box figure). L LT L
Micropores with the smaller width fill first, but adsorption on the surface of larger micropores occurs at i ¥ ,: -
the same time (secondary micropore filling). |‘...‘,,-"a..‘,;' e e
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