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Based on the J{x) fractal distribution function of aperture given by Jaronicc, this article
suggests another function K(x), a variant of J(x} but offering new insight. We then use these
two functions to characterize three kinds of activated carbon fiber (ACE) of different specific
areas. This article also provides the fractal distribution of the aperture and the isotherm of

INTRODUCTION

Activated carbon fiber (ACF) is most used as gas absorbent,
especially for low density medial! =
depuration, with excellent adsorption efficacy and adsorption
kinetics, owing to its great specific arca, highly porous struc-
ture, a narrow distribution of aperturc and short internal path
for adsorption and desorption.

This article deals with the methodology in evaluating the
performance of given ACS. In characterizing a porous carbon
material, one of the key tasks is to describe and assess the
size distribution of the micropores, for it largely determines
the adsorption effectiveness. The slot-pore is the main source
of structural irregularity and energy inhomogencity. One
common way to do this is to use the aperture distribution,
but this technique is frequently reported as not accurate
enough. So, Pfeifer and Avnirt!!
“fractal” multipore  material o quantitatively
describe the structure irregularity and the energy imhomogen-
city of the material. It has been 1'cpm'lcdl'_" that for most
solids with big specific-area, their fractal dimensions (I3 caleu
lated range between 2 and 3, that is, between a planer and a

into  the

spatial shape. When D is close to 2, the pore tends to be in a
planc so its surface is smoother; whercas D is close to 3, the
pore is more tortuous and its surface is rougher,
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such as in indoor air

brought the concept of
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nonpolarity benzene steam on the ACF specimens and the relationship between them.
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This article proposed a new approach to estimate rayon-
based ACF's surface fractal through nitrogen adsorption tech-
nique. We hrst measure the adsorption isotherms of the
samples to low-density benzene steam under atmospheric
pressure and room temperature so as o establish the relation-
ship between resulting fractal characteristics and the benzene
steam adsorption. Then we provide the fractal dimensions of
the ACF samples as indicators of the uniformity of the pores
in the samples.

THEORETICAL CONSIDERATIONS

Through a theoretical analysis, Jaroniee ct al 7!

developed a
relationship between the aperture distribution function f(x) and
the fractal dimension £ for a multipore solid as
R B 2—Lr
I6) = —5=—p 3 1]

mix o Y'I'l]]l]

where, v is the aperture half-width, and x,,, X, represent
the minimum and maximuwmn x values. For convenience, their
derivation process is bricfly provided below.

According o the micropore adsorption theory, the adsorp-
tion isotherm for a porous material can be described as:

B = [ (X )elx 2]
where,

(—the material adsorption isotherm
f—the partial adsorption isotherm for an aperture size x
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J(x)—micropore aperture distribution function within  the

h()l.l.ﬂdill')" (-rmrm Xr;.'r.l\)
For a microporous solid with a fractal dimension D, the
aperture distribution function J(x) fits a proportional relation-
4
ship:!"!
" .
Jx) = p? [3]

Where pis a proportional constant, and can be determined by

i = 4]

BRI

through three Equations (1), (3) and (4). we can derive the three
paramelters.
Besides, we can also get the mean aperture width related

A8
) ("{ D\ r.:. o |‘ [i]
¥ = X | D) S |) ‘

with J(x) as:
where £ = X /X, 1T we substitute & = V7V into tormula
(2), then

Vs
I Vo (x)dx = V [6]
S X
where,
Viy—total pore volume taken by the absorbent
V—total pore volume available in the material.
Introduce
K(x) = VyJ(x) 17]

then from Equation (4)

[ " Kx)dx = Vy [7b]

i

We, thus, can get the modified fractal aperture distribution of

the solid with fractal micropores:
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Although there is no  substantial  difference  between

Equations (1) and (8), Equation (1) shows the ratios of each
size x of the pores in the material, whereas Equation (8)
offers the volume of cach size of the pores taken by the absor-
bent; this difference is clearly shown in Equation (7).

Furthermore, by comparing Eguations (4), (7), and (8), we
can find that the dimensional unit for J(x) is L'
K(x) is L. The unit renders a geometrical meaning of area (o
K(x), which is often advantagcous when coming 1o deal with
absorption, for it is casier to associate absorption to pore arca
that to a reciprocal length. We use both functions to analyze
the adsorption experiments below,

whereas for
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THE EXPERIMENTAL CHARACTERIZATION

Three kinds of ravon-based ACFs with different specific
arcas are selected and marked as A1, A2 and A3. The isother-
mal adsorption experiments were conducted at 77K in a
360CX nitrogen adsorption instrument, and the deaerating
process  lasted 12 hours,  at 250°K,  and  pressure
6 ° x 13.332 pa.

Samples of 10~ 20 mg were put on the plate of a thermo-
gravimetry analysis instrument, blown by 60 em’ /minute
high purity nitrogen of 25'K for a given period of time
concentration by diluting  with  the
standard purity nitrogen.

before reducing its

RESULTS AND DISCUSSION

The Aperture and Fractal Characteristics of
the ACF Samples

Our N> adsorption isotherm!®
samples are highly microporous. From the pore structure par-
ameters (Table 1),
specific arca and the micropore volume, as expected. If using
the H-K method™! to analyze the micropores in the samples,
the specific area of Al is the smallest resulting from the lest
volume of micropore. A3 is the greatest in both values and
A2 lies in between, Again, the ranking order for the specific
arca corresponds to that of the pore volume.

In terms of the pore size itself, there are two parameters; the
H-K average aperture and the J(x) average half-width. For the
same samples, the (two parameters appear to offer shghtly
different results. According to the H-K average aperture, the
pore size ranking is A3= A2 = Al whereas in the J(x)
average, it becomes A2 = A3 = Al Nevertheless, the differ-
ence between A2 and A3 in H-K average casc is too small to
claim that the two methods are not in agreement,

There are several ways o measure the value of the fractal

I results show that all threc

we sec a direct connection between the

dimension D, an indicator of the smoothness of the pores,
such as adsorption method, X-ray scattering method, STM
method, ete. In this article, we used the nitrogen adsorption
method to obtain the sample fractal dimensions as shown in

TABLE 1
The sample aperture and fractal characteristics
Sample Al A2 A3
Specific area, m’ g 640 1460 1680
Volume of micropore, 0.271 0451 (0.546
em’ g !
Iractal dimension 12 2.84 226 2.56
H-K average aperture, nm (.70 (0.96 (.95
JOvy average half-width of 0.42 0.51 (.46

slot, nm




FRACTAL APERTURE DISTRIBUTION

Table 1. 1t is scen that Al has pores that are the roughest as
reflected by the greatest D value, followed by A3 and then A2,
According to reference B we set x,,,, = 1.0nm, X, =
0.1 nm. Bringing the D values in Table 1 into Equations (1)
and (8) respectively, we get the corresponding  fractal
aperture distributions of the three samples of J(x) shown in
Fig. | and K(x} in Figs. 2. Note that the Kix) curves are
related toJ(v), D and V.

As scen in the Figures 1- 3, J(x) and K(x) are both monoto-
nically decreasing tunctions, meaning there are more smaller
pores than the lurger ones in all three samples.

As mentioned betfore, J(x) heuristically reflects the ratio of

the micropores in different sizes in the samples. A greater I
value usually indicates ahigher ratio of smaller size micropores,
and, thus, a steeper slope of the J(x) curve. Conversely a smaller
D value and hence a more even J(x) curve indicate more uniform
structural regularity and encrgy homogeneity of the sample.

For the K(x) curve on the other hand, its valucs are more
closely associated with the adsorbate volume absorbed by an
absorbent.

The Adsorption of ACF to Low-Density Benzene Steam

Because of its excellent adsorption property, ACE is very
effective in controlling the quality of indoor air. We focus in
this study on the adsorption eflicacy of the ACF to gascous
benzene under room temperature  (25°C) and  atmosphere
pressure, for benzene is a nonpolarity substance and is chemically
inertia toward the functional groups on the surface of the ACF;
thus, more resistant to be absorbed. In other words, using
benzene gas as a tracer can magnify the resolution of our method.

Since the adsorption of the ACF 1o low-concentration
benzene gas is very slow, for example, under the concentration
of 50x 10 ° it took us about 20 30 hours to complete one
experiment; we limited our tests over the concentration range
of 50 x 107°~ 1000 x 10 ° The testing results arc illus-
trated in Figure 3.

From the experimental data in Figure 3, samples with
greater specific area yield higher adsorption volume, that is,
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FIG. 1. The Jio fractal aperture distributions for three samples.
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FIG. 2. The Kixi fractal aperture distributions for three samples.

A3 = A2 = Al. Because the specific area of A2 is very
close o that of A3, their adsorption isotherms are also near
to cach other, On the other hand, A1 has the smallest micropore
volume so its adsorption isotherm is flatter, or its adsorption
rate is slower and efficacy 1s lower,

If we compare Figure 3 to theK(x) curves in Figure 2 at the
pore size range of the three samples from 0.7 nm to 0.96 nin, we
will find that for the three samples, the K(x) ranking in Figure 2
is identical to that of the adsorption capacity in Figure 3. It is
not the case when comparing with J(x) in Figure 1.

Next, we used the Dubinin-Radushkevich formula''! to fit
the experimental data in Figure 3 and extrapolate the curves
for the three samples over a wider benzene concentration
range of 0.1 x 107 ~ 10000 x 10 © as in Figure 3. It
now shows that when the benzene concentration is very
low < 1.0 x 10°° Al turns out to show the highest adsorp-
ton capacity of the three. II" this extrapolation holds, a
possible explanation would be that, the small pores become
more effective in adsorbing the benzene gas at very low
concentration, as il when not crowded, the gas molecules
have higher changes to interact with more, large or small,
pores so0 as to be trapped. In other words, the interaction
energy between the solid molecules and gas molecules s
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The testing data and fitted lines of ACE adsorptions 1o benzene
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enhanced at extremely low gas concentration and/or smaller
aperture pores.

Now if we compare the fitted lines in Figure 3 to the J(x)
curves in Figure 1, we can see that for the same sample size
ranges 0.7 nm to 0.96 nm, the reversed J(x) distribution (or
1/J(x)) ranking now shows consistence with that of their
adsorption volumes, that is, Al > A3 > A2, which, in turn,
is consistent with the ranking of their fractal dimension D
values, So we can speculate that at relatively high concen-
tration of benzene gas, K(x) distribution offers a better predic-
tion of the ACF adsorption capacity, whereas in extremely low
concentration case, both J(x) and D are more useful.

CONCLUSIONS
Based on the present study, the following conclusions can
be drawn:

(1) J(x) function describes the ratio, and the modified K(x)
function does the relative volume, of the different
aperture sizes in a porous material,

(2) For the same pore volume, when the benzene concen-
tration in the air is relatively high, the ACF with more
bigger pores exhibits higher adsorption power. Yet, at
extremely low concentration, it’s the ACF with more
smaller pores that works more effectively.

(3) When the benzene concentration in the air is high, J(x)
reflects the adsorption capacity of ACF more accurately;
whereas K(x) and the fractal dimension D become better
indicators at very low benzene concentration case.
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