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I n t r o d u c t i o n  

Carbon-mineral adsorbents (CMA) can be consi- 
dered as a new generation of complex adsorbents of 
great applicability in the industrial and laboratory pro- 
cesses [1]. The interest developed in such adsorbents 
results, among others, from the possibility of carbo- 
nized adsorbents and catalysts utilization. Depending 
on the conditions of complex adsorbents preparation it 
is possible to obtain the adsorbent completely covered 
with the carbon deposit or the materials of the surface 
mosaic topography [2]. Such adsorbents can be used as 
model ones possessing random or patchwise topogra- 
phy of adsorption centres [3]. Knowledge of the cha- 
racteristics, particularly of the adsorbents possessing a 
mosaic structure of adsorption centres can enable their 
rational application in adsorption of complex mixtures 
of organic and inorganic substances as well as carriers 
of multicomponent catalysts [1]. 

There are only few papers dealing with the studies 
of topography and texture of carbon deposits on the 
surface of mineral adsorbents and catalysts. They are 
described in [4,5]. The papers by Kamegawa and Yo- 
shida [6,7] show application of measurement of p-nitro- 
phenol (PNP) adsorption from the aqueous solutions 
tfor estimation of the size of selective surface of the 
complex carbon-silica adsorbents i.e. their total area 
of carbon 'patches' in the complex mosaic adsorbents. 
The method of PNP adsorption to study topography 
of carbon deposits in carbosils of varous carbon con- 
tents is used in this paper. Theoretically these amounts 
should provide both entire and mosaic coverage of the 
surface with the carbon deposit. 

E x p e r i m e n t a l  

The relative concentrations to the saturated con- 
centration of PNP up to 0.4 were prepared in the way 
described in [6]. Silica gel Si-60 (Schuchardt, Germa- 
ny) was the parent substance used in the studies. It 
was preliminarily washed away from the surface mine- 
ral impurities. The sample of it was heated at 550°C 
for 6 hours in order to obtain the heat-treated silica gel 
to be compared with the carbon-coated silica gels. 

Carbon-coated silica gels (carbosils) were prepared 
in the rotational reactor which provides good repro- 
ducibility of the prepared adsorbents. The sample was 
subjected to the action of the modifying agent, CH2C12, 
fed into the reactor. The rate of CH2C12 feeding was 

0.6 cm3/min for the periods of 0.5, 1, 2, 3, 4 and 6 
hours depending on the successive sample. Carbon was 
deposited on the silica because methylene chloride un- 
derwent pyrolysis according to the equation: 

CH2C12 ----+ C + 2 HC1 (1) 

and the products are presented as carbosils Nos 1, 2, 3, 
4, 5 and 6, respectively. The surface areas of carbosils 
Scs calculated from the adsorption data of argon at 77 
K by the BET equation are shown in Table 1. Those 
for original silica gel and heat-treated silica gel are 330 
and 320 m2/g, respectively. 

R e s u l t s  a n d  D i s c u s s i o n  

The adsorption amount of PNP on the powdered 
sample was calculated from the reference curve and dif- 
ference of the absorbance of the diluted solution and 
the solution after adsorption. After [6] we assume that 
the BET model is the model corresponding to PNP 
adsorption on carbosils. 

Table  1. Surface areas of the adsorbents obtained by 
carbon deposition on the silica adsorbent. 

Car' Coating Scs Xc S~ Pc Sc 
bosil time 

h m2/g % m2/g % m2/g 
N ° 1 0.5 304 0.77 5.7 1.9 740 
N ° 2 1 302 4.37 9.3 3.1 213 
N ° 3 2 267 14.89 18.4 6.9 124 
N ° 4 3 228 20.32 19.6 8.6 96 
N ° 5 4 205 2 6 . 7 0  20.6 10.0 77 
N ° 6 6 146 35.00 19.7 13.5 56 

The amount of PNP adsorbed on carbosil is the 
sum of those on the surface of the carbon and silica 
gel. So, one can calculate the surface area of carbon of 
the carbosil, 

c s  

S~ - S cs. am°n -- asg 
a~Ibon _ a sg (2) 

where S~ is the surface area of carbon of the carbosil 
(cm2/g carbosil); Scs is the total surface area of the car- 
bosil measured by the adsorption of Ar at 77 K (cm 2/g 
carbosil); aCmSon is the amount of monolayer adsorption 
of PNP on carbosil (g P N P / c m  2 carbosil); a~o n is the 
amount of monolayer adsorption of PNP on graphiti- 
zed carbon black (g PNP/cm2);  a sg is the amount of 
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P NP adsorbed on the heat-treated silica gel at a con- 
centration at which the monolayer adsorption on the 
carbosil is completed (g PNP/cm 9 silica gel). 

Then the percentage of coating is given by Pc = 
(S~/SCS) • 100%. The results of calculations using eq (2) 
are presented in Table 1 and in Figure 1. 
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Figure  1. The changes of silica coating percentage as 
a function of coating time. 

The value of the amount of monolayer adsorption 
of PNP on the graphitized carbon black, a ~ o n ,  Was  ac- 
cepted as that calculated by Kamegawa and Yoshida 
[6] from their adsorption data, i.e. 5.28.10 -8 g/cm 2. 

Table 1 presents two values of carbon deposit spe- 
cific surface area. One of them, S~, refers to the size of 
the surface calculated per gram of carbosil (silica sup- 
port ÷ carbon deposit), the other one, Sc is expressed 
for a gram of the carbon deposit (without the support 
mass). It was calculated from the following formula [4], 
Sc = (S~ /Xc) .  100, where Xc is the percentage of 
carbon (g of carbon/100 g of carbosil). 
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Figure  2. The changes of X c / A S  for six carbosils as 
a function of coating time. 

In Figure 2 the quantities AS on the axis of abscis- 
sa indicate the differences between the size of specific 
surface areaof silica used for carbonization (320 m2/g) 
and the specific surface area of a given carbosil. Thus, 
the quotient Xc/AS means the amount of carbon depo- 
sit needed to change the unit of the modified adsorbent 
surface. It can be stated from Figure 2 that in the first 

period of initial silica carbonization a small amount of 
the carbon deposit Xc is required for the elementary 
change of the surface size. This results from the fact 
that in the initial period of pyrolysis there are formed 
small globules of carbon deposit which can be settled 
in the narrowest pores of the modified silica. However, 
when the pyrolysis reaction time is over one hour more 
carbon deposit Xc is required for the same elementary 
change of the surface, AS, the evidence of which is a 
gradual reduction of the relation under consideration. 

Though comparable sizes of silica coverage with a 
carbon layer with those presented in papers [6,7] were 
obtained, the percentage values of coating for carbosils 
including over 20% w/w carbon (Nos 4-6) seem to be 
surprisingly small. 

Carbosils prepared by a thermal decomposition of 
methylene chloride are most frequently characterized 
by very strong (local)energetic heterogeneity [3,8]. The 
application of the BET theory for heterogeneous surfa- 
ces was discussed in the monograph by Rudzinski and 
Everett [9]. The authors presented many adsorption 
systems showing the effect of energetic heterogeneity 
of the real adsorbent surface on the values of monolay- 
er capacity and constant in the BET equation and, in 
consequence, on the size of the surface occupied by the 
adsorbed molecules of the adsorbate. 

Therefore it is necessary to take into account the 
effects of energetic heterogeneity in further studies of 
topography of carbon deposits in the complex adsor- 
bents. 
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