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Abstract—The morphology of particles of aluminum-magnesium montmorillonite of different chemical
compositions, synthesized under conditions of stepwise hydrothermal heat treatment of gels in the range from
200 to 300°C is studied. The morphologies of particles synthesized under the conditions of static and stepwise
heat treatment are compared. The possibility of obtaining particles with spherical and spongy morphologies
with different porosities, depending on the heat treatment conditions and the chemical composition of mont-
morillonite, is shown.
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Montmorillonite is a clayey mineral subclass of
layered silicates, which has the ability to strongly swell
and has pronounced sorption properties [1, 2]. Under
conditions of directed hydrothermal synthesis, com-
pounds with the montmorillonite structure of the
given chemical composition and with certain porous-
textural characteristics can be obtained. Thus, earlier
in [3, 4], it was demonstrated that it was possible to
synthesize aluminosilicates with the structure of
montmorillonite, corresponding to the general chem-
ical formula Na2x(Al2(1–x),Mg2x)Si4O10(OH)2

.nH2O
(0 < x < 1), with different degrees of isomorphic sub-
stitution of magnesium for aluminum in octahedral
layers. Montmorillonite was obtained at temperatures
ranging from 200 to 350°C, autogenous pressure rang-
ing from 20 to 70 MPa, and duration of synthesis rang-
ing from 5 to 288 h. It was found that the temperature
and duration of synthesis have the greatest effect on
the crystallization of montmorillonite. Sample parti-
cle size in a plane perpendicular to the c axis was 20 ±
3 nm and did not depend on the synthesis conditions
or the chemical composition of the samples. Depend-
ing on the synthesis conditions, during the static heat
treatment of the initial gels, both delaminated samples
in the form of nanolayers, in some cases twisting into
tubes, and samples with a packet structure were
obtained.

The study of the influence of the conditions for the
synthesis of layered silicates with the kaolinite struc-
ture showed the possibility of obtaining them with dif-
ferent morphologies [5, 6]. Thus, by changing the
conditions of the hydrothermal treatment of the initial
gels, samples of kaolinite with spherical, tubular,

lamellar, and nanospongy morphologies were
obtained. Samples with different morphologies dif-
fered significantly in terms of their physicochemical
properties, sorption capacity, and biological activity
[5, 6].

The aim of this study is to study the possibility of
obtaining montmorillonite with different particle
morphologies. The synthesis was carried out from
dried gels of the corresponding compositions. Three
compositions of montmorillonite were chosen as the
test samples, corresponding to the chemical formula
Na2x(Al2(1–x),Mg2x)Si4O10(OH)2

.nH2O, differing in the
degree of substitution of magnesium in the octahedral
layers for aluminum: with x = 1 (Mg3Si4O10(OH)2·
nH2O, analogue of natural saponite), x = 0.9
(Na1.8Al0.2Mg1.8Si4O10(OH)2·H2O), and x = 0.5
(Na1.0Al1.0Mg1.0Si4O10(OH)2·H2O)). The hydrother-
mal treatment of the gels was carried out in an aqueous
medium in steel autoclaves with platinum crucibles
using a stepwise heat treatment mode: 200°C (24 h)–
250°C (24 h)–300°C (24 h).

Figure 1 shows the X-ray diffraction patterns of the
synthesized samples (X-ray diffractometer D8-
Advance, Bruker). Single-phase samples with the
structure of montmorillonite were obtained, as indi-
cated by the position of the characteristic reflection
peaks hkl 19° (110), 28° (004), 35° (201), 60°–62°
((060), and (330)). The nature of the diffraction pat-
terns indicates changes in the structure of the samples
as the degree of substitution of magnesium atoms for
aluminum increases and the transition of the dioc-
tramedral structure of the samples (2θ = 60.8°, d = 1.48 Å,
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Fig. 1. X-ray diffraction patterns of montmorillonite samples
synthesized under conditions of stepwise heat treatment:
Mg3Si4O10(OH)2·nH2O (a), Na1.8Al0.2Mg1.8Si4O10(OH)2·
H2O (b), Na1.0Al1.0Mg1.0Si4O10(OH)2·H2O (c).

60 65 70555040 45353025201510

In
te

n
si

ty

2θ (CuKα), deg

(110)

(004)

(201)

(210)

(060)

(330)

а

b

c

(060)) to the trioctrahedral structure (2θ = 62.3°, d =
1.52 Å, (330)).

Figure 2 shows the results of studying the morphol-
ogy of the synthesized samples by scanning electron
microscopy (Carl Zeiss Merlin instrument (Oberko-
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Fig. 2. SEM study of the morphology of the samples synthesi
(a, b) Mg3Si4O10(OH)2·nH2O, (c, d) Na1.8Al0.2Mg1.8Si4O10(OH
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chen, Germany)). For comparison, electron micro-
graphs of the samples synthesized under the condi-
tions of static heat treatment of gels of the correspond-
ing composition at 350°C for 3 days are presented. It
follows from the obtained results that the stepwise heat
treatment of gels corresponding to the composition of
saponite Mg3Si4O10(OH)2·nH2O leads to the forma-
tion of a sample with closed pores, which will probably
reduce the sorption capacity of the sample. Stepped
heat treatment of the gel corresponding to the compo-
sition of Na1.8Al0.2Mg1.8Si4O10(OH)2·H2O leads to the
formation of both thin layers and spherical particles.
The possibility of forming spherical particles for lay-
ered silicates with the montmorillonite structure is
described for the first time. For samples synthesized
from gels of Na1.0Al1.0Mg1.0Si4O10(OH)2·H2O under
conditions of stepwise heat treatment, the formation
of spongy structures with open porosity is characteris-
tic. The same morphology is also characteristic of
montmorillonite of the same composition obtained by
static heat treatment. Such structures are likely to have
the highest sorption capacity.

Thus, the results of studying the influence of the
heat treatment mode of the initial gels on the mor-
phology of montmorillonite particles formed from
them showed the possibility of obtaining particles with
different morphologies. The particle morphology is
2022

zed under (a, c, e) static and (b, d, f) stepped heat treatment:
)2·H2O, and (e, f) Na1.0Al1.0Mg1.0Si4O10(OH)2·H2O.
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determined both by the heat treatment regime and by
the chemical composition of montmorillonite.
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