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On the description of micropore distributions by various mathematical models
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Taroniec and Choma [1] ru:mﬂy compared the mi
dismibutions based on their tion isotherm i; 3]
and the distriburion used by Dubinin [4]. We feal that
mmrmmwuﬁng calls raﬂm S0me mmm&mh
may 0a gens tion. Both a es
are based on anlnli:gnl transform of the type.
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Choma proposed a Gamma-type distribution, which
l:nhmla overail isotherm. It is Wl
realize that approaches use the classical Dubinin-
Radushkevich :DF.} eqn

g =exp [-ABE)] @

as the core and both require a functonal relation between
the characteristic energy Eq and a pore dimension, either
its width L or its half-valoe x_

(The latier was used in an carlicr comelation
based on the gyration radius of the pores [5], but for slir-
shaped micropores it can be replaced by their aciual
width L). If one poswlates a relation of the type

E, = KL (3)
it follows that
BlAL) = expl-(A LK) ) @)

By using suitable distribution functions f{L.). eqn(1) can
be solved within the framework of classical
transforms [6) and overall isotherms B(A) of varying
comp. ij:;ﬂa;: uMaig:gj [zﬂéd A this stage, fwo
important ts roust seussed.

The first is based on the mathematical property
[6) that the integral transform of a Dirac §-function f(L)
reduces 8(A) to the core eqn, i.¢. 1o the original DR eqn
in the present case. analysis of ad dlu

which follows the DR eqn would therefore

extremely small distibution f(L). In other wmts. lhs
overall equations obtained by Dubinin and by Jaroniec
and Choma rest on the earlier hypothesis [7] that carbons

following exactly the DR eqn (2) are homogeneous.
However, from exiended work with molecular probes of
various sizes, it ap now that this is only a first
ugpmxirmmm [8-101. As shown in fig. 1, carbon CEP-
18 displays some degree of heterogencity, whereas the
DR plot for the adsorption of N20 and CHzClz at 298K
is linear over an extended range of relative pressures
(A =5 w5 kfmel). This means that isotherms based
on the DR care (2) are not suitable for the description of
adsorption by carbons of low and medium degress of
activation, nor can they reflect their true micropors
distributions. On the other hand, the difference should
become less imponant as the degree of heterogeneity
increases and swongly activaied carbons should be
described in a safsfactory way by such equations.
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Fig 1. Experimental and caleulaved diswributions of the
micropore widths L for carbon CEP-18, following
exactly the DR eqn. The continuouas ling ¢ormesponds 1o
eqn (9), with v = 1.25 and a = 6.09 nm>, obained by
fiting the N0 adsarption isotherm o eqn (3).

On the basis of earlier observarions [5], it was
shown by Stoeckli et al. [11] thar the DR adsorption
isotherm of carbon CEP- 1R could he penerated frmm the
histogram of fig. 1 by the sum

WA =W exp [-(ABEY] (9



with a relation of type (3) between Egj and L. This
approach is based on the fact that molecular sieve
carbons tend 1o follow the Dubinin-Astakhov (DA) eqn
with values of n close to 3 [5,8]. This suggesis the use
of

SAIL) = exp [-(A LB K} (6)

as the core egn in (1) rather than eqn (4),

This principle has also been applied successfully
by Wojsz and Rozwadowski [12,13] in their
generalization of Stoeckli's earlier model [7), based on a
Gaussin distribution of the structural constant B,
Unfortunately, the comresponding adsorption equation
8 (A) is somewhat difficult to use for data firting.

A convenient generalization, leading to a
relatively simple and acceptable isotherm B(A), is based
on the use of &qn (6) with a Gamma-type distribution, as
in Jaroniec and Choma's treatment [3]). With the
important proviso (discussed below) that Eq = K/L. K
being a ¢onstant. one can use the standard Laplace
transform (6]

**1 exp [-ax] - exp [px] dx =L (7)
Ell (a+p)V
where x =L and p = (A/B K)3. This leads 1o
E I
BA) = a+wﬁ1c}"'] (8
and to the nermalized distribution of the micropore-sizes
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These eqns are similiar to those of Jaroniec et al. but
have different powers. (It is also preferable to use
e:epﬁnw ;ns%ehﬂag of n, in order 1o avoid confusion with
L eqn). Their advantage, illustrated . 2, lies
in the fact that they alse provide mnmmblnh;}risﬁuﬁhudms
for carbons following closely the DR eqn. Tt is obvious,
however, that for very heterogeneous carbons, the two
approaches should yicld similar results. Froms the
mathemnatical analysis of eqn (%) it also appears that the
quantity a-113, expressed in nm, is close 1o the average

pore width L (but not identical with it).
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Fig. 2. Molecularsieve data and caleulated distribution

of the micropore width L for carbon CEP-39. Same

procedures as for carbon CEP-18, leading 1o v = 1.85

and a = 2.99 nm-3, NaO adsorption follows the DA eqn

with exponent n = 1.7 and CEP-3% is more
us than carbon CEP-18.

The gecond important point relates 1o rtler
Kinegn (3). Ttis generally asp:lunmd - but ing'rn;octhr -
that this quantity is a constant : whereas the gyration radii
K of the are related vo Eg by a constant equal
to 14.8% 0.6 nm - kJfmol [5] this is no longer the case
for the actual pore-widihs L, where K varies between 16
and 35 when L increases trom U.4 to 2.0 nm [%,14].

The presence of a yarable parameter K has direct
implications on the inegral wransforms (1) or (7).
Mathematical modelling suggests, however, that the use
of a constant value Ky, corresponding to Ey of the DR or
DA eqn for the given carbon, should lead 1o a
satisfactory agreémient. This is shown in fig. 1 (Ey = 32
kl/mol; Ko = 16.5 nm - kJfmol) and in fig. 2 (Eq = 25
{d‘fmoli Ko= ]9.5lnm&kifmn|}l. &m be the mullt of
memnal averaging In tegral, Ly = Ky/B, being close
1> the maximum of the disribution f{L).

On the other hand, the use of a unique constant K
far the whole range of micro ity cipse 0 24 am -
klfmol, as assumed by different authors, may cast
doubts on the validity of the resulting micropore
disributions. A direct comparison with experimental
data for distributions, as shown in fig, 1-2, iz therefore
essential to assess the validity of the different models.
This suwesses again the need for independent data on the
micropores of sirongly activated carbons.
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