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LETTER TO THE EDITOR

The Characterization of Microporous Activated Carbons Utilizing
a Simple Adsorption Genetic Algorithm (SAGA)

of the sum of squared deviations expressed by (10),

The paper presents a new simple adsorption genetic algorithm
(SAGA) which is based on the genetic theory of natural selection A \2
and rivalry. This algorithm is utilized to estimate the parameters Q(Wo, Eo) = Z {W. - Wo eXp[_<E) “ , [1
of the Dubinin—-Rhadushkevich equation. The obtained results are !
compared with these achieved from classical optimization methods.
The analysis of the error of fitting of the DR model to experimental
data is discussed. It is shown that the proposed SAGA, contrary o
to the other methods, makes it possible to calculate the parameters A =RT |n<§>, [2]
of the DR equation not only very precisely but also very quickly.
© 2001 Academic Press

where

whereW is the current antlVp the limiting adsorption of vapor per unit volume
in micropores,g is the similarity coefficient that characterizes an adsorbate
Ep is the characteristic adsorption enerByis the universal gas constafitjs

the temperaturepy is the saturation vapor pressure of adsorbate,@rid the
equilibrium pressure.

) ) ) Since the proposed SAGA (as a classical simple genetic algorithm) prefe
Microporous activated carbons are widely used as adsorbents, catalysts,§adyost adopted individual, the problem of minimization of the function de

supports. Generally, the use of such materials in various fields of science gpd by Eq. [1] was replaced by maximization of this function by means o
technology requires their versatile characterization, which comprises determipas, «tormations

tion of their chemical composition, their structural and energetic heterogeneity,
and also, in a wider sense, their mechanical properties. Up till now, several
methods of determination of heterogeneity, based on classical measurements o
adsorption and desorption on solids, have been proposed (1). All those meth-
ods possess advantages and disadvantages; thus none of them can be treasdwessx is the arbitrarily chosen positive constant (11).

general. The presented SAGA is composed of procedures based on a natural selec

Among the proposed methods of characterization of microporous solids mechanism and heredity (12). In every generation a new team of artificial c
the ground of adsorption and desorption measurements, the theory of volugasisms (of bit courses) was formed from the connections of fragments of
filling of micropores (proposed by Dubinin and co-workers many years ago) hagst-adapted representatives. In the introduced algorithm three classical gen
become the most frequently used (2). For the description of an adsorption prosigrations were applied: reproduction (by means of roulette), simple crossov
in a homogeneous micropore system the classical Dubinin and Radushkewbd mutation. Two last operations were passed peaceably with a given prol
(DR) equation is widely applied (3). Additionally, the DR equation is oftemility (following De Jong (12), 0.6 and 0.0333, respectively). In the presente
used as a kernel in the global adsorption integral equation (4, 5). Althou§AGA variables were coded in a binary system. According to a suggestion
the DR equation is thermodynamically inconsistent (6-8), it still remains tifgoldberg, the size of the population was assumed to be 30, the length of t
most frequently used for the characterization of the microporosity of activateiromosomes was found to be 30, and the number of generations was assul
carbons. to equal 30 (12).

Inthe current paper a new simple adsorption genetic algorithm (SAGA) whichThe results obtained using SAGA were compared with the results obtain
is based on the genetic theory of natural selection and rivalry is used to estin®fplying the algorithm utilizing the least-squares and iterative procedure (LS
the parameters of the DR equation. The results are compared with these obtain&dat case the system of nonlinear equalizations of the following form was le
on the grounds of the classical optimization methods (for example, a gradient:
method (9)). Moreover, the analysis of the error of fitting of the DR model to
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f min (Wo, Eg) = max{—Q(Wo, Eg)} = max{—Q(Wo, Eo) + o}, [3]

experimental data is discussed. It is shown that the proposed SAGA, in contrast ZW‘SXP[—(E/E—)Z]

to the other methods, makes it possible to calculate the parameters of the DR Wp = Iiozz

equation in a very precise manner and quickly as well. > {exp[—(ﬁ%) ]} [4]
I

120 E0) _
EI=h -

THE CONSTRUCTION OF SAGA AND THE COMPUTATION
Additionally, the calculations were executed using two optimization meth
The numerical problem of the fitting of the DR equation parameters to the eods: a simple gradient (SGM) one (9) and the so-called Hook—Jeeves (HJ) (:
perimental points of adsorption isotherm is reduced to finding the total minimumethod. In the case of the simple gradient method, the gradients were defir
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applying the statements

e oo )
swed ()] 2
s sl lof (2]
S exr{(%ﬂ Af}. 6]

The transformation of the classical DR equation to a linear form leads to
well known, and widely used in standard calculations, statement defined by
following formula (LR):

2

Sl

pee 7

QWo, Eo)r = )

{ In(Wh) — In(Wo) + (

The equation [7] can be easily solved applying the standard least squz
procedure called regression (14).

RESULTS AND DISCUSSION

The data of three adsorption isotherms of benzgne (1) on activated car-
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FIG.1. The experimental adsorption data plotted in the linear co-ordinate

of the DR equation (points) and the fits obtained using Eq. [7] (solid lines) fo
all investigated activated carbons.

bons, published by Dubinin (15), were used as an example for the estimation of

DR equation parameters on the basis of the methods presented above.

Fromthe datain Table 1itcan be seen that the obtained results differ slightly in

the case of nonlinear methods. A linear procedure gives the values of parame%FQ

that are hard to reproduce, comparing them with the value of the global minim

defined by Eq. [1]. As can be seen, the differences strongly depend on the quzﬂrﬁls

TABLE 1
DR Equation Parameters Obtained Applying Different Opti-
mization Methods: (LR) Linear Regression, (LS) Least Squares
Procedure, (HJ) Hook-Jeeves Method, (SGM) Simple Gradient
Method, (SAGA) Simple Adsorption Genetic Algorithm

Activated carbon

Method Parameter ACS ACZ ACT-K
LR Wo, cm/g 0.4329 0.5457 1.0797
Eo, kJ/mol 31.6228 19.2450 12.9099
Q(Wo, Eo)Lr 0.00077 0.03623 0.33552
LS W, crilg 0.4322 0.5972 1.3418
Eo, kJ/mol 31.2050 16.7590 10.0560
Q(Wo, Eq) 0.00062 0.01808 0.08312
HJ W, ci/g 0.4322 0.5972 1.3418
Eo, kJ/mol 31.2045 16.7592 10.0561
Q(Wo, Eq) 0.00062 0.01808 0.08312
SGM W, cme/g 0.4322 0.5972 1.3418
Eo, kJ/mol 31.2039 16.7594 10.0561
Q(Wo, Eq) 0.00062 0.01808 0.08312
SAGA Wo, cmilg 0.4353 0.5960 1.3424
Eo, kJ/mol 30.9889 16.8499 10.0599
Q(Wo, Eq) 0.00067 0.01811 0.0809

e fit of the straight line to the experimental data in the linear coordinate
the DR equation (see Fig. 1). In the case of ACS activated carbon, for all tf
ented methods, the results of parameters and sums of squared deviation:
very close. In contrast to ACS activated carbon, the values of DR paramete
as well as those of the error (defined by the sum of squared deviations) diff
simultaneously for the two remaining samples (ACZ and ACT-K).

The sum of squared deviation valleys obtained on the basis of the HJ meth
for ACS activated carbon is presented in Fig. 2. From Table 1 it is clearly see
that this method is characterized by the highest accuracy. However, we want
emphasize that the calculations made by this method were time-consuming a
what is more important, obtain results strongly dependent on the value of t
starting point of the optimization process. The changes of the sum of squar
deviations for all tested activated carbons (SGM method) versus characteris
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FIG. 2. The changes of the function defined by Eg. [1] for ACS activated
carbon.
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FIG. 3. The behavior of Cons(Wp, Eg) with the change oy for all Eg, kd/ mol
analyzed adsorption isotherms (SGM method). (Const is equal to 0.1 for At g5 P T SR ! \
and to unity for ACZ and ACT-K activated carbons.) 02 03 0-43 05 06
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energy of adsorption are presented in Fig. 3. The main disadvantage of thig|G, 5. Normalized average fit obtained using SAGA versus pore capacit
method is the need to define a gradient of function [1]. Itis very interesting th@t aocsS activated carbon. Internal part of the picture shows the changes of t
the form of the peaks changes regularly in comparison to the quality of fittiRgm of squared deviations for the best population.

of

Const/Q (W, Eg)

the DR model to experimental data. In other words, the sharpness of the peak

160 -

is strongly connected with the homogeneity of a micropore system; i.e., whe
the sharpness of the peak increases, so does the homogeneity of the micro

system.
F The presented thesis is confirmed by the results obtained on the basis
120 | SAGA and shown in Fig. 4. In this case, the broadest peak, with very lo

intensity, was obtained for activated carbon ACT-K (this reflects the poor fit c
the DR adsorption model to experimental data). As an example, the changes
L the normalized average fit versus the total micropore capacity for ACS activat
carbon (obtained applying the proposed SAGA) are presented in Fig. 5 (larc
figure). The shape of the curve is typical of optimization processes applyir
80 | O ACS the genetic algorithm technique (stochastic character of the method). One ¢
— O— ACZ observe the significant increase of the goodness of the fit for pore volum

- - 4 - - ACTK varying in the range 0.35-0.45 érg.
Finally, the obtained results lead to the statement that the proposed SAC
% is a very accurate, convenient, and quick procedure. The most important
I © that, in contrast to other presented methods, the results obtained on the basi
<Z SAGA do not depend on the starting point of the optimization process; this
o 2 obvious, taking into accountthe mechanism of natural selection and rivalry. Fro
g 1 individuals only the best-adapted (possessing very high fithess) can survive.
3 3
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