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Abstract—The sorption capacity and porous-textural characteristics of synthetic montmorillonite subjected
to acid activation in a 3M HCl solution in various modes are studied. Single-phase montmorillonite, corre-
sponding to the chemical formula Na1.0Al1.0Mg1.0Si4O10(OH)2

.H2O, is obtained under hydrothermal condi-
tions. It is established that acid treatment of synthetic montmorillonite leads to an increase in its specific sur-
face area (from 170 to 356 m2/g), which is accompanied by a significant decrease in the degree of adsorption
of the organic dye methylene blue (from 60 to 25–30% depending on the processing mode) and lead ions
(from 35 to 27%) from aqueous solutions.
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It is well-known that the treatment of clay minerals
with acids can lead to a sharp increase in their catalytic
and sorption capacity [1–7]. Acid treatment of ben-
tonite clays, i.e., clays consisting of at least 60–70% of
minerals of the montmorillonite group is a common
technology stage for obtaining clays with a high spe-
cific surface area [4]. In relation to this, considerable
research has been carried out on the acid activation of
clays and various assumptions have been made about
the mechanism of acid-clay reactions. However, the
question of the interaction of acids with clay minerals,
which is related to the different phase and mineral
composition of clays from different deposits, remains
largely unclear One way to solve this problem is to
study the effect of acid treatment on synthetic samples
that are 100% montmorillonite.

The sorption properties of synthetic montmoril-
lonite Na1.0Al1.0Mg1.0Si4O10(OH)2

.H2O, subjected to
acid treatment in various modes, are studied. Mont-
morillonite is synthesized under hydrothermal condi-
tions at 350°C using the previously described tech-
nique [8]. According to the chemical analysis, the
resulting sample has the following composition
(wt %): 55% SiO2, 22.82% Al2O3, 8.04% MgO, and
2.69% Na2O

Acid treatment was carried out in a 3M HCl solu-
tion in various modes presented in Table 1.

Figure 1 shows the X-ray diffraction patterns of the
original and acid-treated samples of montmorillonite.
It can be seen from the presented diffraction patterns
that a single-phase sample with the montmorillonite
structure was synthesized, as indicated by the presence

and position of characteristic reflection peaks (hkl) in
region 7° (001), 19° (110), 28° (004), 35° (201), and
60°–62° ((060) and (330)). Acid treatment does not
lead to the destruction of the montmorillonite frame-
work, which follows from the preservation of the posi-
tions and intensities of the main peaks in the diffrac-
tion pattern, with the exception of the reflection (004)
and (060), which disappears gradually as the duration
and temperature of the acid treatment increase. There
is also a shift in the position of the basal reflex d001 to
the region of small angles for samples subjected to acid
treatment, as well as a significant decrease in its inten-
sity for samples treated with acid at 80°C. This indi-
cates an increase in the interlayer distance of the sam-
ples and partial destruction of the packet structure.

In order to assess the effect of acid treatment on the
sorption properties of the studied samples of montmo-
rillonite, we studied the adsorption kinetics of the cat-
ionic dye methylene blue C16H18N3SCl (MB) and lead
ions from aqueous solutions. The studies were carried
out using the techniques described in [9, 10].

For the experiments, 20 mg of the sample was dis-
persed in an aqueous solution of MB with a concen-
tration of 1.5 g/L or an aqueous solution of lead nitrate
with a concentration of 50 mg/L at a temperature of
(25 ± 1)°C. Experiments were carried out under stir-
ring with regular sampling for 90 min, which corre-
sponded to the moment that equilibrium was estab-
lished. Each sample was filtered and the concentration
of the sorbed component in the filtrate was deter-
mined as the arithmetic mean of three measurements.
The concentration of MB was determined using
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Table 1. Processing conditions in 3M HCl solution and porous-textural characteristics of montmorillonite samples

* Specific surface area according to low-temperature nitrogen adsorption data, calculated by the Brunauer–Emmett–Teller (BET)
method.

Sample designation
Processing conditions

SBET*, m2/g
Average pore diameter, 

nmT, °C t, min

1 Without processing 170 3.6
2 25 30 192 3.7
3 80 30 265 3.9
4 80 120 310 3.9
5 80 240 356 3.9
UV absorption spectroscopy (LEKISS2109UV spec-
trophotometer) by the value of optical density at a wave-
length of 246 nm [11]. The content of lead ions in the
studied solutions was determined by flame photometry
on an iCE3000 atomic absorption spectrometer.

The data available in the literature on the adsorp-
tion of MB by acid-activated clay minerals containing
montmorillonite indicate an increase in their adsorp-
tion capacity after acid treatment (for example, [12–
14]). As can be seen from the results presented in Fig. 2,
this is not the case for synthetic montmorillonite sam-
ples.

Treatment of samples in a 3M HCl solution of var-
ious durations (from 30 min to 4 h) and in various tem-
perature regimes (20 and 80°C) in all cases leads to a
decrease in the adsorption capacity of the samples
with respect to MB. An increase in the duration of
treatment leads to a significant decrease in the degree
of adsorption of MB from aqueous solutions. A similar
result was also obtained in the study of the adsorption
capacity of acid-activated samples with respect to lead
ions. Thus, during the treatment of samples with a
GLASS

Fig. 1. X-ray diffraction patterns of the original and acid-
treated samples of montmorillonite in various modes
(sample designations are given in accordance with the
table).
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solution of lead nitrate with a concentration of
50 mg/L for 60 min, the degree of extraction of lead
ions by a sample of montmorillonite was 35%, and
acid treatment in various modes led to a gradual
decrease in this indicator to 27%. At the same time,
the results of studying the samples by the method of
low-temperature nitrogen adsorption showed an
increase in the specific surface area and a slight
increase in the pore diameter.

According to the study of the samples by X-ray dif-
fraction, the crystal structure of the samples was not
destroyed. The results of chemical analysis showed the
complete leaching of sodium ions from the structure
of the samples. Thus, the sorption capacity of mont-
morillonite is most likely mainly due to cation
exchange, while in studies of adsorption by natural
bentonite clays, it is often concluded that the pore
size, which increases during acid activation, affects the
adsorption of MB. Moreover, the greater the concen-
tration of the acid and the duration of the treatment
the higher the sorption capacity of the samples. Thus,
in [12], the maximum value of adsorption by MB was
recorded for a sample treated with 30% H2SO4 for 6 h,
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Fig. 2. Kinetic curves of MB adsorption by montmorillon-
ite samples subjected to acid treatment in various modes
(sample designations correspond to those in the table).
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and the adsorption capacity of such a sample increased
by a factor of 2.9 compared to an unmodified sample
of natural clay. The difference in the behavior of acid-
activated natural bentonite clays and synthetic mont-
morillonites is probably due to the absence of impurity
phases in the test sample. The increase in the adsorp-
tion capacity of natural clay minerals after their acid
treatment may be related not to an increase in the
porosity of montmorillonite, as previously assumed,
but with the dissolution and removal of various impu-
rity phases, leading to the production of a monomin-
eral product, the destruction of the secondary struc-
ture (cryptostructure), and an increase in the access of
the adsorbed component toward the adsorbent sur-
face.
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