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This article presents the results of studying the microstructure and morphological properties of a rod-
shaped granular MgsSbs nanosemiconductor thermoelectric material prepared by resistance annealing. This
method is based on placing a mixture of MgsSbs particles prepared using 70 % ethyl alcohol on a tubular heat-
resistant substrate, for example, a ceramic substrate, and heating the particles using a resistance annealing.
The MgsSbs semiconductor thermoelectric material obtained by resistance annealing consists of a granular
particle assembly and interparticle boundary regions formed between them, forming a structure characteristic
of polycrystalline. The particle assembly core consists of MgsSbhz, and its surface regions are composed of
oxidized nanocomposite coatings such as MgsSb209, Mg(Sb205)2, MgO2, SbOs. According to the analysis, the
amount of oxygen atoms is distributed from the core of the MgsSb: compound to the surface, forming an
oxidized nanocomposite coating on the surface areas.
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1. INTRODUCTION

In the world energy sector, the development of new
types of energy sources that do not emit harmful
substances into the environment, are one of the most
pressing problems today. In this area, the direct
conversion of thermal energy into electrical energy using
semiconductor thermoelectric materials or thermoelectric
devices occupies a leading position. The efficiency of a
thermoelectric material is Z7T = o?201/A, and its main
parameters are high electrical conductivity (o) and the
Seebeck coefficient (@), while low electrical resistance (p)
and thermal conductivity (1) are required [1, 2]. Among
semiconductor materials, the low thermal conductivity of
MgsSbe materials has increased interest in them. In
particular, the main thermoelectric characteristics of
MgsSb2 depend on the structure, temperature, and Mg
atoms of the material (for example, [1, 2] and references
therein). It was observed that with increasing
temperature, the formation of electron-hole pairs in its
band gap increases o and a, while, conversely, the
decrease in phonon mobility in the crystal lattice
decreases A, which in turn increases ZT. Theoretical and
practical studies have shown that such a result can be
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achieved by controlling the structure of the material and
the effect of an additional Mg atom on it, as well as the
method of obtaining MgsSbe. In particular, in [1, 2], we
studied the dependence of the electrical and
thermoelectric parameters of granulated MgsSbs on the
properties of granulated MgsSb2 particles.

The electrical and thermoelectric properties of
granulated MgsSb2 particles depend mainly on the
structure of the interparticle boundary regions and the
physical processes occurring in the boundary region. With
increasing temperature, the ionization of localized traps in
the interparticle boundary regions and the trapping of
charge carriers in them leads to a decrease in electrical
conductivity. Also, the Seebeck coefficient (a) increases
with the formation of temperature differences due to the
potential difference and phonon absorption. In this case,
thermoelectric effects appear due to the formation of
electron-hole pairs in the interparticle boundary regions
with energy levels Ei.. As a result, the total A increases
simultaneously with the thermal conductivity of the two
connected interparticle boundary regions. The convergence
of the electrical conductivity and the potential difference
leads to a relatively stable change in A. These processes are
related to the morphological properties of the granulated
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MgsSbs particles, which are shown to lead to a change in
the ZT index from ~0.021 to ~1.3 at T'=300- 700 K. In
addition, it 1is recognized that the thermoelectric
characteristics of granulated MgsSbz can be improved by
controlling the morphological properties of the particles.
However, the microstructure and morphological properties
of the granulated MgsSbs particles, as well as the
mechanisms for the formation of interparticle boundary
regions, have not been fully resolved.

2. RESEARCH METHODS

Granulated MgsSbz particles prepared by powder
technology were selected for the study [1, 2]. The
samples were prepared by preparing a mixture of
granular MgsSbs particles using ethyl alcohol, placing
the mixture on a heat-resistant, for example, tubular
ceramic substrate, and heating the particles with a
resistance [1-5]. As a result, the aggregate of granular
MgsSbz particles inside the ceramic substrate takes on
the shape of a rod. [6] The structural model and charge
transfer processes of granular nano-semiconductor
particles placed on a tubular ceramic substrate were
studied. According to the authors, interparticle
boundary regions are formed between the granular
nano-semiconductor particles, and the charge transfer
processes are explained precisely by the morphological
characteristics of the interparticle boundary regions.

Fig. 1 shows a simplified diagram of the method of
heating and bonding granulated MgsSbz particles with a
resistance device. A mixture of MgsSbe particles placed on a
tubular heat-resistant ceramic substrate is pressed under
pressure P through rod-shaped MA and MB ohmic contacts.
Then, the MgsSbe particles are thermally treated by
applying heat Q through a resistance device. Thermal
treatment is carried out in the processes of increasing and
decreasing the temperature 7'= 300 — 700 K.
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Fig. 1 — Simplified diagram of the method of heating
granulated particles with a resistance device. Here, 1 —
MgsSbs particles, 2 — heat-resistant dielectric body, MA and
MB ohmic contacts and thermocouples

Studies have shown that the method of heating with a
resistance medium has been found to allow the formation
of  rod-shaped  polycrystalline structures. The
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microstructure and morphology of the rod-shaped
polycrystalline structure were studied on a JEOL JXA-
8800R electron microscope. It should be noted that the
voltage applied to the accelerator is 0.1+30 kV, which can
magnify microphotographs of structures up to 1 nm by 25
to 650,000 times and allows determining the chemical
composition with an error of up to 10-3%.

3. MICROSTRUCTURE AND MORPHOLOGICAL
CHARACTERISTICS OF GRANULATED
MGsSB:

Fig. 2 shows a micrograph of a polycrystalline
structure. The sample was isolated by breaking a tubular
heat-resistant ceramic substrate. Fig. 2 shows that the
resistance annealing method produces a polycrystalline
structure consisting of rod-shaped particles and
interparticle boundaries. The chemical composition of a
sample of granulated MgsSb2 particles was studied in
several different areas of the sample (Fig. 2b). Fig.3
shows the X-ray diffraction characteristic of the granular
MgsSbhe semiconductor sample.

It should be noted that the studies were carried out
point and point. According to X-ray spectral
characteristics, the sample consists of magnesium,
antimony, oxygen, silicon and other types of elements.
Their number or chemical composition varies in the
region of interparticles and interparticles. In particular,
it is noted that the number of oxygen atoms increases
from the center of the particle junction to the outside.

In addition, silicon and carbon atoms were also
observed in some areas of the surface in addition to oxygen
atoms (Fig. 3a-3f). It is known that ceramic materials
consist of silicon or alumina compounds [1-5], which
contain various forms of compounds consisting of Si, C, O
and other elements. Heating was carried out in the process
of simultaneous temperature increase from 300K to
T'=800 K. The temperature increase time was 30 minutes,
and the maximum temperature was kept for 20 minutes. It
was then cooled at the same rate. The heating stage was
completed 6 and 7 times. In addition, at each stage, sample
particles with metal contacts MA and MB on both sides
were printed (Fig. 1). In this case, the pressure force P was
controlled by controlling the resistance R of the particles
by the metal contacts MA and MB. In our case,
R =1kOhm. Such processes make it possible to create
strong joints not only between particles, but also with the
surface of the ceramic tube. Thus, extraneous atoms
(Figs. 3a-3f), such as silicon or carbon, occurring in some
surface regions may refer to heat-resistant ceramic bases.

As you know, today electronic programs have been
developed that allow you to determine using chemical
equations any types of compounds and their atomic
structure, or, conversely, chemical equations of any types
of compounds and the atomic structure of the compound
using them [7, 8]. In this work, the chemical equation of
the formation of granular MgsSbz semiconductor particles
and their atomic structure were studied. Let's look at the
results of the study.
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Fig. 2 — Micrograph of granular MgsSbs particles
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Fig. 3 — X-ray spectral characteristics of granular Mg3Sb2 particles

For the studies, we use the X-ray spectral characteristics
given in Fig. 3, as well as the composition and number of
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elements defined in the tables. The composition of the
particles can be described as the amount of each element
and the formula of the compound by converting the mass of
the substance into a commodity using the mass of the
weight and atoms of the elements [9]:

1 mol

Weight % = mol (1)

Atom weight,g
(1) divide the ratio of each commodity, determined based
on the expression, by the smallest value:

mol

mOolsmatest =X (2)
By formula (2) we can determine the corresponding
values for each element. Thus, using expression (1), we
calculate the weight of the element shown in Fig. 3a and
the amount of mass of the element using atomic masses.

. 1
For magnesium; Mg, g, ——— = Mg 733 mol
"= MJaa,305 !

. 1
For antimony; Sbs; g1 o= Sbg 434 Mol
121,76

1
For oxygen; 01611 —— = 0491 mol
"=~ 015,999 ’

. 1
For sodium; Na, go —— = Nag 13 mol
77 Nazz 99 ’

1
For carbon; C; 23 —— = Cs 112 mol
7“7 Cz011 ’

It can be seen from the calculation that the sodium
element content is the smallest. (1) based on the
expression, divide the proportion of each element by the
lowest value of the sodium content:

. M
For magnesium; —%72 = 56

Qo,13
. Sb,
For antimony; —** = 3,3
Nag,13
. 0101 _
For oxygen; =77
Nag,13

. Na
For sodium; —= =
Nay,13

For carbon; 312 = 39,3
Nag,13

To convert the residuals to an integer, multiply them
by 2. So, Mg — 11; Sat — 7 units; O — 15 units; Na — 2; C —
79 pcs. Since some of the oxygen, as well as sodium and
carbon atoms, belong to ceramic bases, we do not take
them into account. Thus, according to the research
method [9], using the results of calculations, it is possible
to determine the particle structure formula using a
chemical reaction calculator. We carry out the reaction
using a chemical collider.

11Mg + 75b + 90 = 3(Mg3Sb,) + Mg,Sh,0,

Table 1 shows the yield results and the formula of the
partial structure or defined compound using it.
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Table 1

Element (Weight %) Atomic Corg of | Oxide
mass, g | particles layer

Mg 17.81 24.305 | 3 4

Sb 52.81 121.76 2 2

(6] 16.11 15.999 9

Na 2.99 22.99

C 10.28 2.011

Fractional

structure MgsSbe Mg4Sb20y

formula

So, the core of the particle compound consists of the
MgsShe structure of the MgaSb209 and its surface regions.
Now we define the structure of these connections using
an electronic application [7, 8].

Fig. 4a shows the cryptographic structure of the
MgsSbz compound. MgsSbz crystallizes in the trigonal
P3m1 space group. There are two inequivalent Mg?* sites.
In the first Mg?** site, Mg?* is bonded to six equivalent Sb*"
atoms to form MgSbe octahedra that share corners with
twelve equivalent MgSb, tetrahedra, edges with six
equivalent MgSbg octahedra, and edges with six equivalent
MgSb, tetrahedra. All Mg-Sb bond lengths are 3.11 A. In
the second Mg?** site, Mg?* is bonded to four equivalent
Sb®™ atoms to form MgSh, tetrahedra that share corners
with six equivalent MgSbe octahedra, corners with six
equivalent MgSb, tetrahedra, edges with three equivalent
MgShe octahedra, and edges with three equivalent MgSb,
tetrahedra. The corner-sharing octahedral tilt angles
range from 11-58°. There are three shorter (2.82 A) and
one longer (2.94 A) Mg-Sb bond length. Sb*" is bonded to
seven Mg?* atoms to form a mixture of distorted corner and
edge-sharing SbMg,; pentagonal bipyramids. This
structure has 5 atoms, a density of 4.01 g cm™, and the
oxidation state can be Mg?*, Sb®".

Fig. 4b shows the cryptographic structure of the
MgsSb209 compound. This material is an ordered
representation of a disordered structure. MgiSb20g is
Ilmenitelike structured and crystallizes in the triclinic P1
space group. There are four inequivalent Mg?* sites. In
the first Mg** site, Mg?* is bonded in a 6-coordinate
geometry to six O?~ atoms. There are a spread of Mg-O
bond distances ranging from 1.98-2.42 A. In the second
Mg?* site, Mg?* is bonded to six O?>  atoms to form
distorted MgQO¢ octahedra that share corners with six
MgOg octahedra, edges with three SbOg octahedra, and a
faceface with one MgQO¢ octahedra. The corner-sharing
octahedral tilt angles range from 44-64°. There are a
spread of Mg-O bond distances ranging from 2.00-2.22 A.
In the third Mg?* site, Mg?* is bonded to six O?>~ atoms to
form MgOg octahedra that share corners with two
equivalent MgQO¢ octahedra, corners with seven SbOsg
octahedra, edges with three MgOs octahedra, and a
faceface with one MgQOg octahedra. The corner-sharing
octahedral tilt angles range from 43-64°. There are a
spread of Mg-O bond distances ranging from 2.03-2.18 A.
In the fourth Mg?* site, Mg?* is bonded to six O*~ atoms to
form distorted MgOg octahedra that share corners with
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four equivalent MgQOg octahedra, corners with five SbOg
octahedra, edges with two equivalent MgQOg octahedra,
and a faceface with one SbOg octahedra. The corner-
sharing octahedral tilt angles range from 44-63°. There
are a spread of Mg-O bond distances ranging from 2.02-
2.19 A. There are two inequivalent Sb®* sites. In the first
Sb3* site, Sb%* is bonded to six 0% atoms to form SbOsg
octahedra that share corners with four MgOg octahedra,
an edgeedge with one MgQO¢ octahedra, and edges with
two equivalent SbOg octahedra. The corner-sharing
octahedral tilt angles range from 46-63°. There are a
spread of Sb-O bond distances ranging from 1.90-2.10 A
In the second Sb%* site, Sb>* is bonded to six 02~ atoms to
form SbOg octahedra that share corners with eight MgQOg
octahedra, an edgeedge with one SbO4 octahedra, edges
with two equivalent MgOg octahedra, and a faceface with
one MgOg¢ octahedra. The corner-sharing octahedral tilt
angles range from 43-60°. There are a spread of Sb-O
bond distances ranging from 1.95-2.12 A. There are nine
inequivalent O* sites. In the first O* site, O?” is bonded
to three Mg?* and one Sb°* atom to form a mixture of
distorted corner and edge-sharing OMg;Sb trigonal
pyramids. In the second O? site, O?" is bonded in a
distorted see-saw-like geometry to three Mg?* and one
Sb%* atom. In the third 02~ site, 0%~ is bonded to three
Mg?* and one Sb5" atom to form distorted OMg;Sb
trigonal pyramids that share corners with six OMgsSb
trigonal pyramids and edges with two OMg,Sb, trigonal
pyramids. In the fourth O?” site, O*" is bonded in a 4-
coordinate geometry to two equivalent Mg?* and two
equivalent Sb%* atoms. In the fifth O% site, 0% is bonded
to three Mg?* and one Sb°* atom to form distorted
OMg;Sb trigonal pyramids that share corners with six
OMgsSb trigonal pyramids and edges with two OMg,Sh,
trigonal pyramids. In the sixth O?” site, O?” is bonded in a
distorted see-saw-like geometry to three Mg?* and one
Sb%* atom. In the seventh 02~ site, 02~ is bonded to two
Mg** and two equivalent Sb°* atoms to form distorted
OMg,Sb, trigonal pyramids that share corners with five
OMgsSb trigonal pyramids and edges with two OMg,Sh,
trigonal pyramids. In the eighth O?” site, O*" is bonded to
two Mg?* and two equivalent Sb°* atoms to form a
mixture of distorted corner and edge-sharing OMg,Sb,
trigonal pyramids. In the ninth 0% site, O?" is bonded in
a distorted see-saw-like geometry to three Mg?* and one
Sb>* atom. This oxidized compound has 9 atoms, a
density of 3.00 g cm™, and an oxidation state of Mg?*, O-.

Fig. 4 — Critical MgsSbs structure and term MgsSb2Oy. The
crystal structure of the compounds is based on programs
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Let's take a look at the other results shown in Fig. 3.
Table 2 is given for the results shown in Fig. 3b.
According to the results of calculations, the structure
consists of 3 atoms of Mg, 2 Sb and O and C. And here we
do not take into account oxygen and carbon atoms, since
they belong to ceramic bases. Thus, according to the
research method [9], using the results of calculations, it
is possible to determine the particle structure formula
using a chemical reaction calculator. We carry out the
reaction using a chemical collider.

3Mg + 2Sb = Mg,Sb,

Thus, the structure consists of a compound related to
the MgsSbz and ceramic base material. It can be assumed

that the crystal structure of MgsSb2z compound

corresponds to the results of Fig. 5a.

Table 2

Element (Weight %) Atomic Corg of | Oxide
mass, g particles layer

Mg 16.96 24.305 3

Sb 62.00 121.76 2

0 12.61 15.999 7

C 8.45 2.011 17

Fractional C .

structure MgsSbs ermic

bottom
formula

For the results shown in Fig. 3c in Table 3, the
extraction results and the formula of the partial
structure or defined compound wusing it are given.
According to the results of calculations, the structure
consists of 4 atoms Mg, 6 Sb and O and C. Since part of
the oxygen and carbon atoms belong to ceramic bases, we
do not take them into account. Thus, according to the
research method [9], using the results of calculations, it
is possible to determine the particle structure formula
using a chemical reaction calculator. We carry out the
reaction using a chemical collider.

Thus, the structure consists of a compound related to
MgsSbz, Mg(Sb205)2 and a ceramic base material. The
crystal structure of MgsSbs compound corresponds to the
results of Fig. 3a. The crystal lattice structure of the
compound Mg(Sb205)2 can be described as follows (Fig. 6).

Table 3

Element (Weight %) Atomic Corg of | Oxide
mass, g particles layer

Mg 4.96 24.305 3 1

Sb 29.32 121.76 2 4

(6] 35.21 15.999 10

C 29.96 2.011

Zn 0.54 65.38

Fractional

structure MgsSbe Mg(Sb20s)2

formula
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Mg(SbZO5)2

Fig. 6 — Critical structure of Mg(Sb20s)2 compound

Fig. 6 shows the cryptographic structure of the
Mg(Sb205)2 compound. Mg(Sb205)2 crystallizes in the
triclinic P1 space group. Mg is bonded to six O atoms to form
MgOs octahedra, that share corners with four equivalent
SbO4 tetrahedra and edges with four equivalent SbOs
octahedra. There are a spread of Mg-O bond distances
ranging from 2.05-2.14 A. Sb is bonded to six O atoms to
form SbOs octahedra that share corners with four
equivalent SbO4 tetrahedra, an edgeedge with one SbO6
octahedra, and edges with two equivalent MgO6 octahedra.
There are a spread of Sb-O bond distances ranging from
1.99-2.07 A. Sb is bonded to four O atoms to form SbOs
tetrahedra that share corners with two equivalent MgQOs
octahedra and corners with four equivalent SbOs octahedra.
The corner-sharing octahedral tilt angles range from 4261
There are a spread of Sb-O bond distances ranging from
1.95-2.05 A. There are five inequivalent O sites. In the first
O site, O is bonded in a bent 150 degrees geometry to one Sb
(in SbOg octahedra) and one Sb (in SbO, tetrahedra) atom.
In the second O site, O is bonded in a distorted trigonal
planar geometry to one Mg (in MgQOg octahedra), one Sb (in
SbOg octahedra) and one Sb (in SbO, tetrahedra) atom. In
the third O site, O is bonded in a distorted bent 150 degrees
geometry to one Sb (in SbOg octahedra) and one Sb (in SbO,
tetrahedra) atom. In the fourth O site, O is bonded in a
distorted trigonal non-coplanar geometry to one Mg (in
MgOg octahedra) and two equivalent Sb (in SbOg octahedra)
atoms. In the fifth O site, O is bonded in a distorted trigonal
planar geometry to one Mg (in MgOg octahedra), one Sb (in
SbOg octahedra) and one Sb (in SbO, tetrahedra) atom. This
oxidized compound has 15 atoms, a density of 5.07 g cm™,
and oxidation states Sb**, Mg?*, Sb°>*, O*".

Table 4 shows the harvest results for the results shown
in the 3d figure. According to the results of calculations,
the structure consists of 4 Mg atoms, 2 Sb and O and C.
Since part of the oxygen and carbon atoms belong to
ceramic bases, we do not take them into account. We carry
out the reaction using a chemical collider.

4Mg + Sb + 20 = Mgs3Sbh, + MgO,

03003-5



F. OMONBOEV, ET AL

Table 4

Element (Weight %) Atomic Corg of | Oxide
mass, g particles layer

Mg 20.6 24.305 3 1

Sb 46.26 121.76 2

(6] 20.88 15.999 2

C 12.26 2.011

Fractional

structure MgsSbs MgO:

formula

Let's examine the crystal structure of MgO, (Fig. 7).
MgO, has a Marcasite-like structure and crystallizes in
the trigonal R3m space group. In this structure: Mg?* is
bonded to six equivalent O'” atoms to form edge-sharing
MgOg octahedra. All Mg—O bond lengths are 2.11 A o
is bonded in a 4-coordinate geometry to three equivalent
Mg?* and one O'” atom. The O-O bond length is 1.49 A.
This oxidized com-pound has 9 atoms, a density of 3.00 g
cm™, and the oxidation states of Mg?* and O".

Fig. 7 — Critical structure of the MgQO: connection. The crystal
structure of the compounds is based on programs

For the results shown in Fig. 3e in Table 5, the
extraction results and the formula of the partial
structure or defined compound using it are given. The
results of the calculation showed that the structure
formula, as in Table 5, consists of MgsSbz, MgOs, and the
crystal lattice structure of the MgsSbz compound
corresponds to the results of Fig.3a, and the crystal
lattice structure of the MgQO2 compound corresponds to
the results of Fig. 7.

JJ. NANO- ELECTRON. PHYS. 17, 03003 (2025)

extraction results and the formula of the partial
structure or a specific compound using it are given.
According to the results of calculations, the structure
consists of 3 Mg atoms, 3 Sb and 3 O atoms. We carry out
the reaction using a chemical collider.

3Mg + 3Sb + 30 = Mg,Sb, + ShO

The structure consists of MgsSbes and SbOs
compounds. Again, the crystal structure of MgsSbh2
compound corresponds to the results of Fig.3a. The
crystal lattice structure of SbOs compound can be
described as follows (Fig. 8).

Table 6

. Atomic Core of | Oxide

0,

Element (Weight %) mass, g particles layer
Mg 14.12 24.305 3
Sb 76.57 121.76 2 1
6] 9.32 15.999 3
Fractional
structure MgsShe SbOs
formula

Table 5

Element (Weight %) Atomic Corg of | Oxide

mass, g | particles | layer

Mg 25.39 24.305 3 1

Sb 59.79 121.76 2

(6] 14.85 15.999 2
Fractional

structure MgsSbe MgO:
formula

For the results shown

in Fig. 3f in Table 6, the

Fig. 8 — Critical structure of the SbO3 connection

SbO; crystallizes in the monoclinic P24/c space group.
Sb is bonded to six O atoms to form a mixture of corner
and edge-sharing SbOg octahedra. The corner-sharing
octahedral tilt angles are 47°. There are a spread of Sb-O
bond distances ranging from 1.96-2.05 A. There are three
inequivalent O sites. In the first O site, O is bonded in a
water-like geometry to two equivalent Sb atoms. In the
second O site, O is bonded in a bent 120 degrees’
geometry to two equivalent Sb atoms. In the third O site,
O is bonded in a water-like geometry to two equivalent
Sb atoms. This oxidized compound has 34 atoms, a
density of 4.02 g cm™, and an unknown oxidation state.

4. CONCLUSIONS

Thus, a method was developed for the manufacture of
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granular MgsSb2 nano-semiconductor materials in the
form of stereotypes by heating and attaching
nanoparticles by means of resistance. It is made of 70%
ethyl alcohol MgsSbs is based on the heat resistance of a
mixture of particles, for example, on a ceramic substrate,
heating and fixing the particles with resistance means.
The heating temperature of the MgsSbz particles was
300+700 K. Obtained by heating and fixing powdered
particles using resistance, the granular MgsSbs in the
form of sterein forms a polycrystalline structure
consisting of a compound of granular particles and
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MikpocTpykTypa Ta MOP¢OJIOriuHi BJIaCTUBOCTI rpaHyJIbOBAHOI'O TEPMOEJIEKTPUIHOTIO

martepiany MgsSbz
®. Omonboes!, A.M. Timrabaesmyu?

L Anouosicarncokuil depocasruli ynigepcumem, 170100 Andusican, Ysbexucman
2 Hauiornanvruti yHigepcumem Yzbexucmary imeni Mipso Yuyeberxa, 700174 Tawrkenm, Yabexucman

VY mi#f crarTi mpeacTaBIEHO Pe3yJIbTATH JOCILIKEHHS MIKPOCTPYKTYPHU Ta MOPQOJIOTIYHUX BIIACTHBOCTEMN
CTPMIKHEITOII0HOT0 TI'PaHyJILOBAHOTO HAHOHAINBIIPOBIIHUKOBOTO TEPMOEJIEKTPUYHOr0 wmarepiamy MgsSbs,
OTPUMAHOIO METOJ[OM BIIIAady 3 BUKOPHUCTAHHAM eJeKTpudHoro omopy. CyTb MeTojay mossrae B HaHeCeHHI
cyminn vactuHOk MgsSbe, migrorosienux y 70 % eTMyOBOMY crupTi, Ha TPyOUacTy TEPMOCTIMKY IIIKIAIKY
(HampuKIag, KepaMmiuHy), 3 HOJAJIBIINM HATPIBAHHAM uepes eJeKTpuuHui omip. OTpuMaHwmii MaTepiaia mae
MOJIKPUCTAJNYHY CTPYKTYpPy, IO CKJIAJAETHCA 3 TPaHyJIbOBAHOTO CKyIm4YeHHsa dvacTwHOK MgsShe i
MIKYACTHHKOBUX MEKOBHUX obOsacreit. fmpo yacTmHOK criaamaerbesa 3 umeroro MgsSbe, Toml sk ImoBepxHEBi
00J1acTl BKPUTI OKMCHEHUMHU HAHOKOMIIO3UTHHMU ILTiBKaMu, TakuMmu Ak: MgiSboOg, Mg(Sbo0s)2, MgOs, SbOs.
3rigHo 3 MOpoBeIeHMM AaHAJN30M, ATOMAPHUN KHCEHb PO3MOMLISAETHCA BiJ fAOpa 10 MOBEPXHI YACTHHOK,
opMyOUN HAHOKOMIIO3UTHE OKKCHE HMOKPUTTS. lle CBIAUUTH PO aKTHUBHE IOBEPXHEBE OKUCJIEHHS BHACJIIIOK
TEPMIYHOTO BIUIUBY. TaKUM UWHOM, NPEJICTABJIEHUN METO][ PE3WCTUBHOTO BIIIIAJLY J03BOJISE OTPUMATHU
TPaHyJIBOBAHY MOJIKPUCTAIIYHY TEPMOEJIEKTPUYHY CTPYKTYPY i3 c(DOPMOBAHMMU OKHMCHUMH IIPOIIAPKAMU, IO
MO’Ke BIUIMBATH HA eJIEKTPUYHI TA TEIJI0BI BJIACTUBOCTI MaTepiay.

Knrouori cmoBa: I'pamynroBammit  HaHoHamiBmpoBimawmk  MgsSbe, Tepmoenerxrpuunuit  matepiau,
Mikpocrpyrrypa, Mopdooris, MgiSb209, Mg(Sb20s)2, MgO2, SbOs, OrxnucHeHe HAHOKOMIIO3UTHE IIOKPUTTS,
Tepmocriiika kepamivHa maKIaaKa, Tepmivre crmikanas, MiskaacTHHKOBI Mesxl, [loikprcTaaiyaa cTpyKTypa.
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