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INTRODUCTION 

Synthetic active carbons (AC's) prepared from porous 
copolymers and spherical granulated resins are used as 
efficient sorbents for the cleaning of gases and solutions 
due to their unique chemical and physical properties [ 1,2]. 

The peculiaJ'ity of synthetic AC's is that the formation of 
the meso- and macroporosity is possible at the stage of 
preparation of the precursors - porous copolymers and 
resins [2]. Microporosity in synthetic AC's are formed 
during the process of activation at higher temperature by 
carbon dioxide, water steam or oxygen. 

The active surface area (ASA) [3] has a great importance 
for the understanding the kinetics of gasification and the 
development of porous structure of carbon materials 
during activation [4,5]. 

In the present paper the evolution of the microporous 
structure and ASA of synthetic AC's are compared. 

EXPERIMENTAL 

A spherical granulated synthetic AC (SCS-type) prepared 
from porous styrene-divinylbenzene copolymer by means 
of carbonization at 973 K followed by activation with 
water steam at 1123 K has been chosen for investigation. 

The porous structure of these carbons was investigated by 
CO2 (273 K) and N2 (77 K) adsorption. The adsorption 
data of CO2 and N2 on the synthetic AC SCS were 
analyzed according to the Dubinin-Radushkevich (DR) 
equation: 

V = Vo exp(-(A/13Eo)2), (1) 

where A = - RT In (P/P0) is the differential free energy of 
adsorption; V is the volume of the adsorbate condensed in 
the micropores at the temperature T and the relative 
pressure P/P0; V0 is the total volume of micropores 

accessible to the adsorbate; 13 is the affinity factor; E0 is 
the characteristic energy of adsorption. 

The size of micropores (d) was calculated from the DR 
plots using the relation between (E0) and the average 
width of slit-shaped micropores, proposed by H.F.Stoeckli 
[6]: 

d = 30/E0 + 5705/E03 + 0.028E0 - 1.49. (2) 

The surface area of the micropores (Sin) was determined 
using equation 

S m "-" 2 V 4 d .  (3) 

The ASA was measured according to the oxygen 
chemisorption method developed by N.R.Laine et. al.[3] 
with using the temperature-programmed desorption (TPD) 
technique [7]. The ASA values were calculated from the 
TPD curves for CO and CO2. 

The ASA were also determined by the flow 
microcalorimetry method developed by A.J.Groszek [8]. 
This method is founded on the determination of the polar 
sites area of carbons by means of measuring of 
preferential heat of adsorption of n-butanol on carbon 
samples immersed in n-heptane. 

RESULTS AND DISCUSSION 

Using porous styrene-divinylbenzene copolymer as 
precursor enables to produce spherical microporous active 
carbons with high mechanical strength and 10w ash 
content. 

The samples of synthetic carbon with low burn-off are 
characterized (Tabl.1) by the presence of a significant 
volume of micropores (ca 0.50 nm). The pore volume and 
micropore size obtaned by N2 adsorption are higher then 
that for the CO2 adsorption for the samples with middle 
and high burn-off. Probably, this two adsorbates are 
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measuring the different type of microporosity in highly 
activated carbons: N2 filled the whole micropore volume 
whereas C Q  would only measure the narrow micropores. 

A good agreement is obtained for the ASA determined by 
oxygen chemisorption and the polar sites area obtained by 
the microcalorimetry method (Tabl.2). The descrepancy 
for SCS-1 is attributed to a molecular sieving effect for n- 
butanol adsorption (the average size of micropores for 
SCS-1 is equal to the diameter of n-butanol molecule (0.5 
nm)). The surface polarity indices (SPI) calculated by 
dividing the heat of n-buthanol adsorption by the surface 
area of micropores for carbons with various bum-off are 
presented in Table 2. The SPI, which characterizes the 
surface polarity of AC's by microcalorimetry method in 
whole, is increasing with the oxidation treatments, which 
is in agreement with A.J. Groszek data [8]. 

The determination of active surface area combined with 
characterisation of micropore structure enables to follow 
the changes occurring during activation of SCS carbon. 
The micropore volume, average micropore size and ASA 
increases significantly by activation, while the total 
surface area passes through a maximum. The ratio of ASA 
to micropore surface area remains almost constant (0.04) 

during activation and its value is similar to those obtained 
for other activated carbons prepared from polymers [5,7]. 
The low value ASA/Sm indicates that the walls of the 
micropores of synthetic AC SCS consist mainly of basal 
planes and that is in agreement with a previous study of 
P.Ehrburger [5]. 
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Table 1. Pore structure characteristics 
of synthetic active carbons SCS. 

Sample Bum V0, Eo, d, Sm, 
-off, 

% c m 3 / g  kJ/mol nm m2/g 

SCS- 1 3 0.119 33.6 0.50 441 

SCS-2 13 0.212 31.0 0.54 790 

SCS-3 27 0.271 28.9 0.60 911 

SCS-4 60 0.364 26.5 0.69 1062 
SCS-4(*) 60 0.460 22.0 1.02 901 

SCS-5 75 0.371 25.1 0.77 964 
SCS-5(*) 75 0.554 20.0 1.29 861 

* - calculated from nitrogen adsorption isotherm. 

Table2. Variation of ASA and polar sites area 
of SCS carbons during activation process. 

Polar 
Bum- ASA, ASA/Sm CO/CO2 sites SPIxl0 "3, 
off, area, 
% mE/g mE/g J/m E 

3 30.3 0.069 8.0 12.2 • 4.1 

13 29.9 0.039 7.3 25.0 4.7 

27 36.5 0.040 8.9 31.2 5.1 

60 41.0 0.039 10.4 39.3 5.5 

75 43.3 0.045 12.2 46.6 7.2 
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