Published in Carbon 27, issue 3, 501-502, 1989 1
which should be used for any reference to this work

(O the evolution of micropore widths and areas m the course of activation
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It is well known that in the course of activation the
micropore volume W, of carbonaceous materials

increases and its dependence on the degree of burmn-off
can be obmined easily from the waditional Dubinin-
Radushkevich plot of the nitrogen oF benzene adsorpion

isntherm.

During activation, the size of the micropores also

tends to il'u:re.Esr., although in 2 less predictable way than
their volume, as shown below, For carbons with pore-
widths L not exceeding 0.7-0.8 am, the distribotion of
W with L, dW/dL., can be obtained from a series of
adsorption and immersion experiments with molecules of
known critical dimensions [1,2). However, industrial
carbons are usually characterized by relatvely large
micropores (L > 0.8-1 nm) and the assessment of their
average pore-width rests largely on the so-called
characieristic energy E; of Dubinin's theory, or its older
equivilent, the structural constant B. The existence of a
correlation between Eg and B and pore dimensions has
been postulated for many years, but only recently have
quantitative relations been proposed [3-5).  Earlier
correlations ;vm:rzca;ad on the gmtinn radius -;11\;;‘{1:
micropores, for experimental data was avai ;
but later it appearsd that the acessible pore-width 1. was a
better concept. On the basis of a number of independent
determinations {1,2), including the selective adsorption
of caffeine from aqueous solutions [7], we sugpest the
following expression,
L (nm) = 3/Eq + 5TOSEqy’ + 0,028 Eq - 1.49 {1}
relating L, the average width of ideally slit-shaped pores,
1o the characteristic energy B, given in kJfmol. Eqn (1)
i3 in pood spreement with an carlier expression (6], bugic
can be used over an extended range of pore-widths {from
(145 to 2.3 nm, approximarely), with an uncertalney of 3
to 10 per cent. For L < (.45-0.50 nm {Ey > 35-17
kJimol), the simple relagon L = 16 5/F, applics,

Eqgn(1)is a useful wol for the assessment of the
average micropore sizes of industrial carbons on the
basis of a single adsorption isotherm (Calg at 298 K,
for example). It can also be used for the swdy of
activadon itself, where it provides useful informartion on
the evolution of L, and on the influence of the staring
malerial. This is illustrated by the study of different
gctivation serics obtained in our laboratory, and by the

examination of earlier data of Dubinin e al. [8,9] for the |

;lévnc" of various carbons by CO7 and HaO near 800-

As shown in figures 1 and 2, different patierns
emerge for the change in L with the degree of bumn-off.
The limiting cases are {llustrated by Dobinin's series D
[91, a natural coal activated with HaO, and our series
C-£7, obtained from soft wood (barbecue charcoal)
actvated with CO2 at 850 °C. The former shows a rapid
increase in L, followed by a plateau near 1.2-1.4 nm,
For the carbons of series C-87. on the other hand. L

increases rapidly beyond a burn-off of 40 per cent.
Intermediate cases, not shown for the sake of clarity,
have alse boen observed.

There is no doubt that the precursor (sugar,
wood, coal, erc.) has a direct infloence on the
microporosity of the final material, bur the carbonization
stage also plays a role (see figure 2). In the present
example we investigated the result of H2O activation at
900 °C, on carbons prepared from the same ursor
{rabber), but carbonized under different conditdons, The
first carbon was obizined by carbonization at 600 *C (2
hours). without removing the light liquid fractions. The
subsequent activation prodvced series FTC-A with a
plateau for L, siarting y at low degrees of bum-off
(curve A). This profile is similar to thar of Dubinin's
series 1. The second carbon was prepared by
carbomization at 450 °C (2 houre}, bt ‘h’il!l: the removal
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Figure 1. The variation of the average pore-widih L with
tht bum-ofT for the carbons of serics Id (&), B (1) and
C-E7 (@).
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Figure 2. The variation of the average pore-width L
the burn-off for curbons FTC-A (A) and FTC-E (4

*.



of the inidal light fractions by distillation. The resulting
series, FTC-B, shows a different profile, with a slower
increase in the pore-widih L (curve B). Although the
development of the av micropore widths are
different, series FTC-A and B show an almost identival
increase in Wy, with the degree of bum-off. It follows
lhuamdzlbasedanlhnmm' ses of W and E, (or B)
alvne would not reveal the differences between the two
series (Thiz was the case in Dubinin's earlier
investigations, where the variation of the structural
constant B did mot suggest e differences shown in
figure 1).

The combination of L with Wy leads to the
approaimaic arca of the slit-shaped micropores, Smi.

given by [1]
Smitmg) = 2 - 10% - Wolcm g} L{nm) 2

This ares is a function of W, and L, and the examples
shown in figures 12 suggest that the evolution of Sm
and SpgT will not be identical in the course of activation
{The later area is closely related to the monolayer
vivalent of Wo). This point is illustrated by figurc 3,
mﬂ.ich shows the variaton of SpeT and Sy of carbon
C-87, as a function of the bum-off. The fact thar at first
SgpET ia smaller than Sy, can be explained by the limived
pore-width L, which restricts the number of layers of
ldﬁmbﬂm[ﬂﬂla:&pomniﬂ K). The two areas are
cqual for & bum-off of approximately 60 %, where the
average -width L = (.7-0.8 nm {figure 1).
Statistically, at thiz stage two layers of benzene can be
adsorbed wnd both walls of the micropores are covered.
For higher burn-offs, where L grows rapidly, the
number of equivalent monolayers increases and SgET no
longer corregponds to the actual zurface of the walls, It
follows, that a good agreement would be found only for
a series of carbons where L remains near 0.6-0.8 nm.
Further details, and in particular the influence of
the precursor and its preparation on the microporous
texture, will be published lgm
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re 3. The evolution of the BET surface area (CgHs,

203 K) and of the true micropore surface Sqy for carbon
(-R7, sz a function of hom-off.
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