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Abstract - The theory underlying the adsorption behavior 
of carbon adsorbents is discussed as a basis f o r  quantita- 
t i v e  analysis of t h e i r  adsorption properties and micropo- 
row 
f i l l ing of micropores f o r  homogeneous and nonhomogeneous 
microporous s t ruc tures  are considered. Three pr incipal  pa- 
rameters are proposed which describe the physical vapor 
adsorption end characterize the microporous s t ructure .  

s t ructure .  The equations of the theory of volume 

As a ru l e  carbonaceous adsorbents are microporous i n  s t ructure  and con- 
t a i n  a re la t ive ly  small proportion of mesopores. The adsorption potenti- 
als of dispersion forces are enhanced i n  micropores due t o  the overlap of 
the f i e l d s  from the opposite pore walls and interact ions between the ad- 
sorbed molecules . Physical adsorption of vapors i n  homogeneous micropores 
is described by the Theory of volume f i l l i n g  of micropores (TVPM) ('Ref.1). 
The Dubinin-Raduehkevich (DR) equation is the pr incipal  formula of the 
theory 

w = woe-[ - ( u p g O ) 2 ]  (1 1 

where A i s  the d i f f e ren t i a l  molar work 

A = RTln(p,/p) (2) 

Using the small-angle X-ray scater ing and adsorption techniquee (c& , 
293 9) we have obtained f o r  a slit-shaped model of carbon micropores 
CRef .2) 

where xo is the micropore half-width and Eo - charac te r i s t ic  adsorption 
energy. Stoeckl i  and Krachenbuehl developed a method f o r  determining the 
magnitude 2x0 involving calorimetric measurements of the heats of immer- 
s ion Into l iquids  w i t h  d i f fe ren t  molecular s i z e  (Ref .3) . McEnaney has sum- 
marized a l l  the results and obtained k = 12.0 2 1.4 kJ.nm/mol (Ref.4). 
Considering (1) and (3) the DR equation becomes (4) 

x0 = WEo (3 1 

(4) w = w R , e x p  [ - m x , ~  2 2  3 
where m = ( 1 / ~ 3 k ) ~  ia a coeff ic ient  f o r  a given vapor. According t o  eqn. 
0) the constancy of Eo meam that the micropore s i ze  xo 5s 
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constant too. Therefore DR equation is applicable f o r  carbonaceous 
adsorbents with homogeneous micropore structures.  Generally carbonaceous 
adsorbents contain micropores of var ious s i ze  that a re  formed during ac t i -  
vation process. Assuming a random formation of micropores we w i l l  have a 
normal d is t r ibu t ion  of microporous volume according t o  micropore half-width 
x f o r  the sli t-pore model 

and the DubininStoeckli  (DS) adsorption equation (6) (Ref.2) 

Equations (5) and (6) contains three ident ica l  parameters: Wo-the t o t a l  
micropore volume, xo - micropore half with at  d is t r ibu t ion  curve maximum 
and 
are  effective s ince carbon adsorbents contain la rger  mesopores and adsorp- 
t i o n  on t h e i r  surface in weeker than i n  micropores. The effect ive values 
of Wz, xo (or Eo = 12.0/xo), 6 
isotherm of the reference benzene vapor at 293 K allow one t o  estimate 
with reasonable acouracy the adsorption isotherms of other vapors within 
a temperature range of about 100 degreesr The r e a l  parameters f o r  adsorp- 
t i o n  isotherms corrected f o r  the adsorption in mesopores, i.e. the h o t -  
herms with the r e a l  parameters W: , Eo and s , can be used f o r  calculating 
the geometric surface area of micropores and t h e i r  volume within a given 
s i z e  range (Ref.2). Thus the effect ive micropore character is t ics  Wz , Eo 
and d are, together with the spec i f ic  surface area of mesopores a 
quantitative charac te r i s t ic  of the adsorption properties and microporous 
s t ructure  each active carbon specimen. According t o  our research, an iso- 
therm of vapor adsorption by a carbon adsorbent with a nonhomogeneoue mic- 
roporous s t ruc ture  can be accurately approximated with the sum of tn0 ad= 
sorpt ion isotherms f o r  adsorbents with homogeneous microporoue s t ruotures  
Therefore the micropore range include sli t-shaped pores with x (0.6-0.7 
nm as well as l a rger  s ized pores with 0.64.7 < x < 1.5-1.6 nm called 
supermicropores. For a selected vapor the equation of such an isotherm 
af te r  (4) w i l l  be 

6 -  variance characterizing the d is t r ibu t ion  range. The parameters 

determined from the experimental adsorption 

S, 

Equation (7) contains four parametere: Wg?# 
xo2 (or Eo2). For the homogeneous microporous s t ruc ture  WO2 = 0 and (7) 
reduces t o  the s ingle  - term DR represented. 
accidental  one. The fi l l ing of micro- and supermicropores in adsorption 
are  two independent events. Therefore the 
f o r  the two-term TVFM equation i s  represented by the sum of the corres- 
ponding values for the two pore types. U s i n g  the equation (7) we shall 

(or EO1 a f t e r  (4)) WO2, 

The equation (7) is not a 

mathematical expectation 
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obtain parameters of the DS equation 

wo = wm + wo2 
- -  1 

Using experiments and calculations we have shown that the two-term equa- 
t i on  (7) is prac t ica l ly  ident ica l  w i t h  the DS equation in how it descri- 
bed the adsorption isotherms for both d i f fe ren t  temperatures and diffe-  
ren t  vapors. Yet, the characterisation of nonhomogeneous microporous 
s t ructure  by the parameters of two homogeneous s t ructures  is purely nomi- 
nal and can give l i t t l e ,  if m y ,  information concerning the s i ze  d i s t r i -  
bution of micropores. The equation DRA by Dubinin, Radushkevich and 
Astakhov d i f f e r s  from the DR equation that instead of power n = 2 appea- 
ring in (1) it contains a variable parameter n 

It is assumed that the DFU equation (11) with three parameters Wo, E and 
n mag describe nonhomogeneous s t ructuree of carbon adsorbents a t  
2 > n > 1. I n  the l imit ing cases with n = 2 the DRA equation reduces t o  
DR. U s i n g  experiments and calculation of a l l  the three parameters by a 
oomputerized nonlinear optimization procedure we have found that the 
agreement between the adsorption values calculated by the DRA and DS equa- 
t ions respectively becomes rapidly the worse 
the s t ruc ture  of the specimen. Comparison of the WE and Wo parameters of 
the equations (11) and (6) shows that Wo are  much greater  the limiting 
adsorption values W, a t  p/p, o 1. Thus the parameters of the DRA equation 
lack a S t r f C t  physical sense and rather represent effect ive Values. 

the more nonhomogeneous ia 
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