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Abstract. The applicability of earlier derived equations for adsorption isotherms for the determination 
of differential curves characterizing the approximate distribution of micropore volumes in relation to 
their radii is studied. It is concluded that besides the Gaussian distribution, the Rayleigh and exponential 
distributions also possess a physical sense. 
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1. Introduction 

The porous structure of adsorbents is best characterized by the distributions of 
volume and surface area of pores in relation to their radii [1-4]. Using adsorption 
research methods, those distributions can be determined from the Kelvin equation 
on the basis of the part of the isotherm corresponding to the process of capillary 
condensation of vapours. In the cases of micro- and supermicropores, as opposed to 
mesopores, the distribution curves cannot be determined experimentally because 
there is no method with which one could determine volumes corresponding to par- 
ticular ranges of pores sizes. 

We have previously derived the adsorption isotherm [5] 

[A2(A)2n 
W(A)= W 0 exp L y \ ~  

E"=a  ) 
where W is the volume of the liquid-like adsorbate filling micro- and supermicro- 
pores at a relative pressure P/Ps and temperature T; W0 is the total volume of micro- 
and supermicropores; A = R Tln(pJp) is the differential molar work of adsorption; 
A is a parameter characterizing the structural heterogeneity of microporous adsor- 
bents;/3 is a constant characterizing the adsorbate (affinity coefficient of the character- 
istic curves); n is a constant parameter equal to 2 or 3 in the case of very small micro- 
pores; E~ is a distribution parameter and erfc is an error function complement. 

We have derived the differential equation [6] for the distribution of the micropore 
volumes according to the characteristic dimension x of the pores for the slit-like 
model of micropores 
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f ( x )  = 
n x/7-1 Wo ~2 

Axn~-~ erfc ( x~ 
x nAil2 ) 

R O M A N  WOJSZ A N D  M I C H A s  R O Z W A D O W S K [  

exp[ ~-A7 x2~ j (2/ 

where: x = xEo; Eo is the characteristic energy of adsorption and x0 is a distribution 
parameter. 

In the case of Equation (2) [6] we postulate, to a good first approximation, that the 
distribution of the micropore volume W0 with respect to E0 is given by the normalized 
quasi-Gaussian distribution of half-width A: 

[ f (Eo)  = n Wo ~/2 exp 2 A 2 J (3) 
AE~ +l ~/~ erfc( 1 E~a42 ) 

As the Gaussian distribution is only one [7, 8] of many possible solutions for the 
general equation 

A 17 

characterizing adsorption on microporous adsorbents of a heterogeneous pore system 
it is advisable to present how other structural distributions characterize the function 
f (x ) .  In this way, one should obtain other alternative solutions of Equation (4) 
which will also approximately characterize the distribution of micropores according 
to their radii x. 

2. Discussion 

The results obtained are related to the adsorption of spectrally pure benzene and 
methanol as well as chemically pure methylamine on active carbon D as described 
previously [6, 9-11]. The quasi-Gaussian shape of the f (Eo)  function assumed in 
Equation (3) is only one of many possible cases for the solution of the integral Equa- 
tion (4) determining the global adsorption isotherm W(A). The quasi-Rayleigh and 
quasi-exponential distributions are also real from the physical viewpoint. 

Assuming the quasi-Rayleigh distribution [7, 12] of the f (Eo)  function, one should 
consider the two following cases: 

(a) the structural heterogeneity distribution with a widening at the right-hand side 

I A2 ] f ( x ) =  2n x n-1 A 2 m 0 (xn x~) e x p  --  (xn-- x~) 2 x2/7 ~ ; Xo>tO and x>~xo 

(5) 

f ( x )  = 0 

where Xo is a parameter of the f ( x )  distribution, 
(b) the distribution with a widening at the left-hand side 

X<X 0 
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E A2 ] 2n x n-~ A 2 W o ( x ~ - x  n) exp - ~2~ (x~ - x~')2 

f ( x )  = 

x2n[1 - e x p ( -  A2 X2 n X2n ]1 

O <~ x <~ xo 

f ( x ) = O  X> Xo or 

(6) 

x < O  

Assuming the quasi-exponential distribution of the f ( E o )  function, one should also 
consider two cases. 

(a) the distribution for the decreasing quasi-exponential function 

f ( x ) -  n x " - I  Wo exp - 0 ; >~0 and x~> x n a ~ ~ xo x0 
(7) 

f ( x )  = 0 x < xo 

(b) the distribution for the increasing quasi-exponential function f ( E o )  

( n n) 
n x  '~-1 W0exp - x ~  

)fnA 
f ( x )  = ; 0 <~ x <~ Xo (8) 

f ( x ) = O  X>Xo or x < 0  

The differential curves f ( x )  for the distribution of the micropore volume with respect 
to the characteristic dimensions of micropores calculated for active carbon D from 
Equations (2), (5-8) are given in Figs. 1-3. 

These values have been obtained using the method of least squares for the experi- 
mental data. It should be stated in spite of assumed differences in the shape of f (E0)  
functions that the distribution curves obtained from these Equations (curves 1 and 2 
in Figs. 1-3) contain a broad common range of x values. The distributin obtained 
from Equation (8) is relatively the least probable one while the other distributions 
do not exclude each other and they can be accepted as the curves characterizing 
approximately the volumes of micropores occurring in the active carbon used in this 
study. 
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Fig. 1. Differential curves for the distribution of the micropore volume according to the characteristic 
dimension of the micropores for benzene adsorption. 1 - calculated from Equation (2), 2 - calculated from 
Equation (5), 3 - calculated from Equation (6), 4 - calculated from Equation (7), 5 - calculated from 
Equation (8). 
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Fig. 2. Differential curves for the distribution of  the micropore volume according to the characteristic 
dimension of  the micropores for methanol  adsorption. 1 - calculated from Equation (2), 2 - calculated from 
Equation (5), 3 - calculated from Equation (6), 4 - calculated from Equation (7), 5 - calculated from 
Equation (8). 
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Fig. 3. Differential curves for the distribution of the micropore volume according to the characteristic 
dimension of the micropores for methylamine adsorption. 1 - calculated from Equation (2), 2 - calculated 
from Equation (5), 3 - calculated from Equation (6), 4 - calculated from Equation (7), 5 - calculated from 
Equation (8). 
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