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Abstract—The nature, concentration and strength of the basic sites on the outer and inner surfaces of diatomite
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respect of the conditions of processing the samples.
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To meet the needs of different branches of
chemical, oil and gas industry in the sorbents and
catalysts effective sorbents should be created based on
the natural aluminosilicates by processing them with
salts of various metals and controlling the nature,
concentration, and strength of active adsorption sites
on their surface.

On the basis of zeolite type raw materials monto-
morillonite and diatomite effective sorbents were
created by processing them with the salts of various
metals and acids of different concentrations. The
nature, strength, number of acidic and basic adsorption
sites toward various molecular probes like ammonia,
acetone, n-butylamine, and carbon dioxide were
studied using the methods of spectroscopy and
derivatography [1-3].

The purpose of this work was the study of the basic
sites in the natural and modified forms of diatomite
and bentonite in respect to adsorption of carbon
dioxide and phenol using the derivatography method.

Figure 1 shows a derivatogram of natural diatomite
after adsorption on the surface of carbon dioxide. As is
evident from the derivatogram, in the DTA curve there
is one exothermic effect with a peak at 460°C, and an
endothermic effect with maximum at 120°C, while in
the DTG curve are observed minima at temperatures
120, 360, and 500°C.

The first endothermic effect with maximum at 120°C
characterizes desorption of carbon dioxide weakly
bound with the basic sites on the sample surface. The

endothermic effect at 360°C corresponds to the desorp-
tion of carbon dioxide from a strong basic site on the
sample. The appearance of a minimum in the DTG
curve centered at 500°C indicates that on the sample
surface there is a strong basic site. It should be noted
that the value of critical diameter of carbon dioxide
molecule provides opportunity to interact with the
basic sites located both on the inner and outer surfaces
of the sample.
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Fig. 1. Derivatogram of natural diatomite after adsorption
of carbon dioxide.
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Fig. 2. Derivatogram of natural diatomite after adsorption
of phenol.

After adsorption of phenol on the surface of a
sample of natural diatomite, the DTA curve exhibits
three endothermic effects with maxima at 120, 360, and
420°C, and one exothermic effect with a maximum at
460°C (Fig. 2). The first endothermic effect (with a
maximum at 120°C) corresponds to the desorption of
physically adsorbed molecules of phenol from the
surface of the sample. It should be noted that the
critical diameter of the phenol molecule (d.; = 6.6 A)
does not allow it to penetrate diatomite and to reach its
inner surface, and adsorption occurs only on the outer
surface. The appearance of endothermic effects with
the maxima at 180, 360, and 470°C indicates the
existence on the surface of the weak, medium and
strong basic sites.

After processing the natural diatomite with
hydrochloric acid and adsorbing phenol on its surface,
in the DTA and DTG curves appeared only
endothermic effects of a very low intensity, with
minima at 120°C in the DTA, and 100, 180, 300, 340,
and 520°C in the DTG, and one exothermic effect with
a maximum at 460°C in the DTA (Fig. 3).

Reduction in the intensity of endothermic effects of
the phenol molecules adsorbed of diatomite treated
with hydrochloric acid shows that the concentrations
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Fig. 3. Derivatogram of diatomite after treatment with
hydrochloric acid and adsorption of phenol.

of basic sites on the outer and inner surfaces of the
sample decreased. The strong endothermic effects that
was observed in DTA curve after adsorption of the
phenol molecules were defined by gradual oxidation of
the phenol molecules located on the outer surface.
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Fig. 4. Derivatogram of natural diatomite after treatment

with an aqueous solution of sodium hydroxide and
adsorption of phenol.
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Figure 4 shows a derivatogram of natural diatomite
treated with aqueous solution of sodium hydroxide
after adsorption of phenol on its surface. As seen, there
are minima in the DTG curve at 60, 120, 220, and 380°C.
In the DTA curve one endothermic effect is observed
with a maximum at 120°C and one exothermic effect
at 460°C.

It should be noted that after processing diatomite
with aqueous solution of sodium hydroxide the
intensity of the endothermic effects increased due to
the desorption of phenol molecules and simultaneously
the minima were shifted to the high-temperature region
indicating the growing strength of the basic sites
toward the phenol molecules.

Thus, after processing diatomite with a solution of
sodium hydroxide the strength and number of basic
sites on the surface increases compared with the
untreated sample. As is evident from the derivato-
grams, the intensity of endothermic effects in the tem-
perature range 60—300°C increases, which is mainly
due to the increase in the concentration of the basic
sites of the medium strength.

Comparison of derivatograms (Figs. 1 and 2) of the
diatomite after adsorption of carbon dioxide and
phenol showed that 2.0-3.0% of the basic sites are
located on the inner surface of the sample inaccessible
to phenol molecules. Comparing the mass loss after the
adsorption of phenol on the natural and modified
diatomite at heating to 600°C as a dependence on the
type of treatment gave the following sequence of
activity: natural diatomite < diatomite + HCI <
diatomite + NaOH. We found that, depending on the
conditions of processing the diatomite samples, the
basic sites formed on the surface differ from each other
in energy.

Thus, we studied the strength, concentration, and
nature of the basic sites of the obtained sorbents by
adsorption of phenol and carbon dioxide. The critical
diameter of a molecule of carbon dioxide allows it to
penetrate the micropores of the sorbent, while the
critical diameter of phenol molecule does not allow it
to interact with the basic sites on the inner surface of
micropores. In the case of phenol the adsorption occurs
in the secondary pores. As a result of studying the
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concentration of basic sites on the surface of sorbents
based on montomorillonite and diatomite we found
that their number is greater in the samples synthesized
on the basis of montomorillonite [3].

The prepared sorbents were tested in the process of
purifying air from the phenol vapor. The tests showed
that air was purified completely.

EXPERIMENTAL

The diatomite samples were treated with 10%
solution of sodium hydroxide and 25% solution of
hydrochloric acid at 90°C with strong shaking. The
mass ratio of liquid to solid phase was L:S = 10: 1.

The duration of treatment of diatomite samples with
alkali was 4 h, and with acid, 6 h. After filtration, the
samples were washed with distilled water and dried at
room temperature. In order to study the nature of the
basic sites on the surface of the synthesized samples
adsorption of carbon dioxide and phenol was carried
out, and then the compositions obtained were studied
by derivatography. The methodology of the experi-
ments has been described in detail in [4-6].
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