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On the assessment of microporosity im active carbons, a comparison
of theoretical and experimental data
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‘We have recently shown [1] that the overall adsorption
isotherm (1), given below, provides a good description
of the micTopore dismribution of acrive carbons. This is
in agreement with adsorption and immersion experiments
carried out with vapours and liguids whose molecular
dimensions vary between 0.35 and 0.8 ne [2]. Owing
to the fact that mogt industial active carbons are
heterogeneons and have a substanmtial fraction of
micropores in the of 1 - 2 nm, direct experimental
evidence for the validity of the model has so far only
been gnwided for the mitial part of the distribution
(L < 0.8 nm). Indirect evidence is provided by the
agreerent between the calculatad mi surface area
and the value obtained by the selective on of
caffeine from aqueous solutions [3). However, further
experimental data is necded to provide reliable standards
for routine work [4] and for the us= of eqn (1), ta derive

distributions from isotherms. In the present
note, we illustrate this point and we show how the range
of molecularsieve ¢ ments ¢an be extended to
approximaccly 1.3 nm, by using a variety of liquids with
nearly ical molecules.

il is now esmblished that micropore systems
corresponding to a linear Dubinin - Radushievich
are not as homogeneous as thought previously [4,5].
Consequently, we suggesied the use of an inte;
transform with a core equation of the Dubinin A
m:mhn-ltnmudnfn:i as used by Jaroniec and
a [6]. The resulting overall isotherm is

i

B(A) = [m] (1)

with the underlying normalized distribution of the

iy =317 epl-alyrn @

A = RT In (Py/P); fis the so-called affimiy coefficient
of the adsorbate; &, v and K, are adjustable parameters,
where K is related to E; and to the average pore-width
of the system through L = KB,

As shown earlier [1], eqns (1) and (2) lead t0 a
good description of the micropore distributions for

carbons fntbmn?nliu Duhinin - Radushkevich equation.
On the basis of independent determinations invelving
molecularsieve effects {dcscﬂb:ﬂ_mv!ouﬂy [1,2] and in
the present work) andfor the surface area of the ideally

slit-shaped micropores (SAXS and the selective

ion of caffeine from aqueous solutons [1,3]), the
fellowing reladons can now be used in the range
04 <L <2 nm,

Ey (klfmol) = (10.8/L) + 114 (3
Kinm-kl/mol) = 10.8 - 114:-L (4)

Eﬁm‘g the value derived from the DR egn. It also
fi at Kinmkl/mol) = 10.8 + 123.1 + 11.4).
Egns. (3) and {4) can replace earlier and more

icaved correlations (7). As pointed out in ref. [1],

it is assumed that in eqn (1) K is constant for a given
system of mi and it corresponds to the average
mwichh L. related to E, of the DR adsorption

Ly 3 8

We used a variety of liquids with nearly spherical
molecules {see mable 1), whose average cﬁl:iaal]}rdimion
L can hnﬂ mm t‘:n::-cr“;lt molecular models I.I':
conscquently a ran, MHCrOPONOSiY CAN now

in\';M experimentally by immersion calorimetry,
However, it is important to stress thar the critical
dirnension L may not reflect the exact pore-width, since
L comesponds to the dimension of the molecule
(Van der Waals dim:m! obtained by minimizing its

. Morzover, it is assumed that the density in the
ad state is equal to that of the pure liguid.
Systematic errors may therefore be introa.rced in the
assessment of sizes.

The cxperimeny were performed with three
industrial active carbons and one microporous carbon
black. Their main characteristics are given in table 2,
Figs. 1-4 show the good agreement which can be
obtained between the experimental distribution
(histograms) and the distribution (curves) recalculated
from extended adsorption data for CgHg and N3O near
293 K, by using eqns (1) and (2). This means that
reliable information on the micropore disiribution of
typical active carbons can be obtained by either
technique; but the externol surface arca Sz has to be
considered in the calormetric approach [2]. The
fundamental reladon used here is

Strickly ing, in the case of bulky molecules E,
should be replaced by an effective value E'y, smaller
than E and uormspuﬂin%w the larger pore gizes seen
by these molecules, as implied by egn (3).



Tabile 1

List of Recommend liquids to be used az molecular

calorimetry. L represents the estimated critical dimension and by is the specific
enthalpy of wetting of the external surface (see ref, [24])

Liquid Linm] «[103K1) B -mim?] Vmem¥mol)
Methylene Chloride 0.33 1.34 (.66 0.152 64.02
Benzene 0.41 1.24 1.00 0114 88.91
Cyclohexane 0.54 0.96 1.04 0.101 108.10
Carbon Tetrachloride 0.53 1.32 1.05 115 06,50
1,5,9-cyclododecatriene 0.76 0.76 1.90 0.103 182,02
a-Pinene 0.68/0.80 1.02 1.70 0.110 158,75
Perchlorocyclopentadienc 0.75/0.88 1.17 1.91 0.110 159.30
Tetrabutyl Urea 0.93 0.85 3.50 0118 282,34
Temizopropyl Orntho Titnntc 1.05 2.23 i 0.205 294,57
Tetrabutyl Ortho Titanate monomer 1,30 .52 3.33 0.167 340,36
Tri-2, 4 xylylphosphate 1.50 0.66 405  0.160 360.04
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Fi 1. Carbon CAF-A (41.5% burn-off in Hz0 at
850°0)

However, as suggested by model caleuladon,
this correction i3 not imponant as far as the
differential curve AW/AL is concemed; in the case of
carbon U-103 for example (see figure 4), for the
malecular probe used (L > 1.5 nm) E'g should be near
17.5 klfmol, against 20.6 kl/mol for a molecule like
benzene, which sees the entire mi system
(Table 1). The effect on the real height of the last block
of the his (1.3 - 1.5 nm) is not very large since
E'y is effectively 18 kIfimal for the eading molacyle,
seeing L > 1.3 nm. It appears that a practical point

Figure 2. Carbon CM

of view a satisfaciory histogram can be obtained from
eqn (5) by nsingﬁ;i;‘:ﬁms value of Eg = 20.6 kl/mol
with all liquids. ¥. the histogram can be refined.
but it must be pointed out that the accuracy of the
techniques described here is limited by the uncertainties
in the molecular dimensions and in the independemt
assessments of the mi surface areas, used to
establish the hasic correlation between Eg and L. The
ancertainty in the micropore distribution may therefore
be o5 high as 10 percent or more, but & reasonabls
characterization of typical active carbons is now possible
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Figure 3. Microporous carbon black XC-72 Figure 4. Carbon 112103
Table 2
Main characteristics of the carbons shown in figs 14, derived from adsorption
and immersion experiments. The surface of the mictopores Smi has been
calculated from the distribution (2). by assuming slit-shaped pores
Carbon Eg [KJ/mol] W [em?/g) Sext [m?/g) Linm]  Smilm%g]
CAF-A-41.5 27.5 0.316 102.0 0.64 EB4.0
M 26.2 0.252 230 (.75 608.0
XC-72 22.0 0.059 107.0 1.02 120.0
U-103 20.6 0.330 60.0 .18 575.0
by two different techniques. The only restriction REFERENCES

observed so far seems to be in the case of very strongly
activated carbons, showing vet unexplained deviations in
calorimetry and possibly due to deformations in the
micropore structure, coused by the liguids [8], or by

changes in the metry of these pores which are not
necessarily sm-ﬁm
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