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Abstract—Interaction of potassium chloride aqueous solution with the hydrosilicate nanotubes at 80°C is

studied.
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Inorganic nanotubes attract wide attention as the
potential materials for nanoelectronics, photocatalysis,
and nanolithography and for other areas of application
[1-9]. For obtaining nanotubular forms compounds are
promising with laminate type structure and clearly
expressed anisotropy of interatomic interactions
defined by conjunction of strong ionic and covalent
bonds within the layers and weaker interactions of the
type of hydrogen bonding and van der Waals inter-
actions between the layers [10]. Such structural
features are typical of many substances, e.g. of a series
of hydroxides, oxyhydroxides, certain oxides and
sulfides [11-14]. For the formation of rolled nanotubes
the presence is significant of internal moment in the
layer that forms substance with the structure of
laminate type [15].

A great interest for practical application present
hydrosilicate nanotubes varied by chemical composi-
tion and morphology [16—19]. These tubes are formed
by rolling the layers of chemical compounds with
laminate structure [15, 20-23] followed by growing
the tubes due to recrystallization processes. Presence
of cylindrical cavity in such nanorolls opens a pos-
sibility of preparation of new membrane nanomaterials
with high selectivity and permeability [24]. Simulta-
neously, a possibility of filling the nanotubes with
various substances creates conditions for immobiliza-
tion and storage of these substances [25]. In this
connec-tion, as show the results of a series of
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investigations of the features of composition, structure
and properties of liquid substances in the space of
nanometer size [24-27], certain systematic invest-
tigations should be carried out.

Thus, it is actual to study the processes of
redistribution of the components between bulk liquid
and the liquid in a nanocanal of hydrosilicate nano-
tube, as well as the processes of transport of a
substance in the nanotubes and its interaction with the
nanotube wall.

EXPERIMENTAL

Synthesis of hydrosilicate nanotubes of the
composition Mg;Si,Os(OH), was carried out under
hydrothermal conditions in aqueous solution of NaOH
1 wt % at the temperature 350°C and pressure 70 MPa
along the procedure described in [19]. The nanotubes
obtained were washed to neutral reaction, dried in air,
then the phase composition of the samples, specific
surface area, shape and size of the nanotubes were
determined, and then were carried out further
investigations.

For the study of the process of filling nanotubes
with aqueous solution of potassium chloride the
nanotubes were treated with 0.5 M solution of KCl
according the following scheme. The initial weighted
samples of nanotubes (0.04 g) were placed into
identical glass vessels with caps, to each vessel was
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Fig. 1. X-ray diffractograms of initial nanotubes and those
after keeping in 0.5 M solution of KCI at 80°C for various
time periods. 20 is Bragg angle, deg. Duration of thermo-
stating, h: (1) 0, (2)2, (3)4, (4) 6, (5) 8, and (6) 10.

poured 8 ml of 0.5 M solution of KCI. The vessels
were placed into a preliminary heated thermostat at
80°C for 2 to 10 h. After the thermostating, the vessels
were cooled in air and the nanotubes were separated
from the solution by decanting the latter. Then several
times 40 ml of distilled water was added and nano-
tubes were kept under water at room temperature for 1
h. After each cycle of such treatment the liquid phase
was decanted. The samples were treated with distilled
water by different number of the cycles, from 0 to 7.
Then the samples were dried in air at room tem-
perature and their elemental compositions (by the method
of energy-dispersion X-ray microspectral analysis with
a microsound unit Oxford Link) and structural param-
eters were determined. An average error at the determina-
tion of the content of an element was 0.3 wt % [28].

Phase analysis of the samples and structural
characteristics of the nanotubes were determined from
the data of X-ray diffractometry. The diffractograms
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were taken on a X-ray diffractometer DRON-3 (CuK,-
radiation).

The nanotubes shape and size were measured using
transmission electron microscopy (an EM-125 electron
microscope with acceleration voltage U,..= 75 kV).

Specific surface area of the samples was measured
by means of nitrogen thermal desorption [29]. The
error value was 5% or less.

The X-ray phase analysis of the samples obtained
by hydrothermal treatment of a mixture of magnesium
and silicon oxides showed that in the synthesis was
magnesium hydrosilicate with the chrisotyle structure
was formed (Fig. 1), whose morphology according to
the data of electron microscopy is a uniform
cylindrical nanotube with the following size: external
diameter about 25 nm, internal diameter about 4 nm,
tube length varied basically from 0.1 to 1 um (Fig. 2).
Specific surface area of the samples is 50-60 m* g .

After keeping in aqueous solution of KCI and
varied number of washing cycles molar content of
potassium, sodium and chlorine were determined in the
tubes per one unit corresponding to the formula
Mg;Si,05(OH)4 (Figs. 3 and 4). As follows from the
data in Fig. 3, after two first washings sharp decrease
occurs in the content of potassium and chlorine as
compared with the nanotubes that were not kept in
distilled water. Increase in the number of the cycles to
3-7 leads to insignificant decrease in potassium and
chlorine content and the content becomes rather stable
on a certain level. Obviously initially K" and C ions
are removed adsorbed on the surface and then decrease
in the content of K" and CI in the nanotubes is defined
by removing them from cylindrical canals and
interlayer space. Therewith the plots of K™ and CI°
content in the nanotubes either on the number of the
cycles of keeping in distilled water (Fig. 3) or on the

Fig. 2. Electron microphotographies of (a) initial nanotubes and (b) after treatment with KCl solution for 8 h.
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Fig. 3. Content Y (mol %) of potassium, chlorine and sodium
in the nanotubes after keeping them in 0.5 M solution of
KCI followed by n-fold washing up in distilled water.

duration of keeping in KCI solutions (Fig. 4) are
practically coinciding that points to existence of K"
and Cl” in the nanotubes in the form of potassium
chloride.

On the plot of dependence of K" and CIl™ ions
content in the samples of nanotubes after their keeping
in 0.5 M aqueous KCl at 80°C on the keeping duration
(Fig. 4) is registered a stepwise increase in the content
that achieves maximum after keeping for 6 h. At the
longer action of aqueous KCI on the hydrosilicate
nanotubes the content of K™ and CI ions in the tubes
falls. Probably this can be explained by redistribution
of the solution components after filling the nanotubes
with the KCI solution between the bulk liquid phase

Effect of duration of keeping nanotubes at the temperature
80°C in KCl solution and in water on the interlayer distance

Keeping duration, h Soluti(I){rl ngCI’ dm, A
0 (initial sample) - 7.20
2 KCl 7.26
4 KCl1 7.26
6 KCl 7.30
8 KCl 7.30
10 KCl 7.30
10 H,0 7.21
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Fig. 4. Dependence of potassium, chlorine and sodium
content in nanotubes Y (mol %) on the duration of treatment
7 (h) in KCIL.

and the liquid phase inside the nanotubes that leads to
decrease in the KCl content in the nanotubes.

Note that from the data of electron microscopy
(higher contrast of image owing to heavy potassium
and chlorine atoms) one can conclude that K" and CI”
are localized not only in the nanotube canal but also in
the interlayer space (Fig. 2). This is confirmed by the
results of X-ray studies of the samples that attests
increase of interlayer space in the structure of the
hydrosilicate samples (see the table).

Analysis of dependence of the nanotubes external
diameter on the duration of keeping them in KCl
solution carried out using the data of electron
microscopy (acquisition over 50 nanotubes) showed
small increase in the outer diameter, the most
significant at 8—10-h keeping of the nanotubes in 0.5
M KCI solution at 80°C. Hence, after filling the
nanotubes with the solution of KCI occurs certain
structural transformation. However, under the applied
conditions does not occur destruction or morphological
degradation of the nanotubes unlike the action of
aqueous KOH solution on the nanotubes of the
composition Mg;Si,Os(OH), at the same temperature —
duration parameters as in the case of chemical reaction
of KOH solution with internal walls of the nanotubes
that led to their damage [27].

CONCLUSIONS

(1) It is established that at the thermal keeping of
nanotubes of Mg;Si,Os(OH), composition in aqueous
solution of KCI proceeds filling of internal canal of the
nanotubes and of interlayer space in the structure of
hydrosilicate by potassium chloride at the considered
temperature—duration parameters.
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(2) Filling of nanotubes with KCI solution results in

small structural and morphological transformation that
appears as increase in the interlayer space but not leads

to

destruction and morphological degradation of the

nanotubes under the applied conditions.
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