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ABSTRACT

The global environmental crisis has made it imperative to enhance tools and techniques for monitoring and analyzing
environmental parameters. Gas sensors, crucial for air quality assessment, continually undergo technological
advancements to enhance accuracy and efficiency in detecting harmful substances. They play an essential role in
ensuring safety in workplaces, urban areas, and industries, aiding pollution control efforts.Enhanced gas sensor
performance hinges on careful selection and control of gas-sensitive materials and their structure. This involves
optimizing gas-sensitive compounds, employing advanced materials, and developing technologies for sensitive and
rapid substance detection. One promising compound for this purpose is Co;0, oxide, synthesized efficiently using the
solution combustion method. This method offers simplicity and allows for precise control over product structures and
properties, enabling customization for specific requirements and ensuring high detection efficiency and accuracy.In
this study, Co;0, particles were synthesized from a mixture of cobalt nitrate and glycine with the addition of nitric
acid using the solution combustion method. The influence of nitric acid addition and the fuel-to-oxidizer ratio on the
morphological characteristics of the cobalt oxide was investigated. The results from SEM, TEM, XRD, and SAXS
analyses confirmed that the addition of nitric acid and a fuel-rich mixture lead to nanoparticles with smaller diameter
spread and more stable characteristics.

Keywords: metal oxide nanomaterials, Co;0, nanoparticles, solution combustion method, exothermic redox reaction,

gas sensors.

1. Introduction

Nowadays, gas sensors are attracting considerable
attention from researchers due to the aggravated
environmental problems. Gas sensors are of
paramount significance in determining the type and
concentration of pollutants in the air. There are
different types of gas sensors such as semiconductor,
photoionization, electrochemical, etc. [1].

Conductometric semiconducting metal oxide
gas sensors, also, is one of the groups of gas
sensors suitable for conducting gas measurements
under atmospheric conditions. They have several
advantages including flexibility in manufacturing,
ease of use, low cost, and, most importantly, the
ability to detect a wide range of gases [2].
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An essential characteristic of conductometric
semiconducting metal oxide gas sensors is the
reversible interaction of gas with the material
surface, which can be affected by the natural
properties of the basic components, microstructure
of the sensing layers, surface area, and external
factors such as temperature and humidity [2-7]. The
sensitivity of gas sensors plays an important role
in their operation. However, there is currently no
single and universal gas sensor for the detection of
different gases. Therefore, various transition metal
oxides like Fe,O; [8], Cr,0; [9], NiO [10], and non-
transition metal oxides including pre-transition
metals like ZnO [11], Al,O;[12], SnO, [13], and
so on are used in conductometric meters for the
detection of combustible, oxidizing and reducing
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gases. Inertness, structure stability, and the easiness
of measuring the electrical conductivity, which
depends on the electronic configuration, are the main
parameters in the selection of oxides for gas sensors.
Despite the wide range of oxides, transition metal
oxides with d° and d'° electron configurations have
a practical application in gas sensors. Such oxides
include TiO, [14], WO; [15], and Co050, [16].

Co;0, stands out among the others because
it is a p-type oxide with the structure of spinel
AB,0, and a forbidden band energy of 1.6-2.2 eV
[17]. Due to its structure, Co;O4 has high stability,
specific capacitance (500-700 F/g [18]), electrical
conductivity (charging capacity 900-1000 mAh/g
[19]), large surface area (more than 90 m?/g [18]) and
pore volume (135.72-292.66 cm?®/g [19]). Authors
[17-20] investigated gas sensors based on cobalt
oxide and found that it has a high potential in gas
detection.

In addition, cobalt oxide nanoparticles can be used
in magnetic materials [21], ceramic pigmentation
[22], as a catalyst [23], electrochromic devices
[24], and rechargeable batteries [19]. Therefore,
the synthesis of cobalt oxide powder with improved
characteristics has attracted huge interest recently.

There are numerous methods for the synthesis
of cobalt oxide. However, each of them has its own
advantages and disadvantages, and the choice of
the method depends on the area and purpose of the
material application.

Table 1. Methods of cobalt oxide synthesis

As can be seen from Table 1, despite the various
methods for the synthesis of cobalt oxide, obtaining
homogeneous nanoparticles remains a costly method
because controlling the size, shape, and morphology
of'the product, as well as the valence of cobaltions like
Co’*"and Co*, is a labor-intensive process. Moreover,
for extensive applications of Co;0,, including in
gas sensors, the oxide must have high stability and
dispersion. Also, it is necessary to properly approach
the issue of synthesis waste disposal, for example,
in the synthesis of nanoparticles by co-precipitation,
in general, besides metal oxide, many compounds
are formed, which are difficult to utilize. Therefore,
a more ecological method of synthesis of Co;0,
should be preferred.

Among a variety of methods for the synthesis
of cobalt oxide, the solution combustion method
is highlighted. It is based on the self-propagating
combustion of a mixture of fuel and oxidizer in the
liquid phase. Gradual heating of reagents dissolved in
water leads to an exothermic redox reaction resulting
in the formation of metal oxide [17, 30]. Compared
to other methods, this method is characterized by
simplicity, practicality, and rapidity.

Furthermore, by changing the ratio of oxidizer
and fuel, it is possible to obtain cobalt oxide
nanoparticles with specified properties and structure,
which expands the scope of the product application.

Ne Method Advantages Disadvantages Ref.

1 Thermal 1. Simple and inexpensive method 1. High temperatures required [25]
decomposition 2. Cobalt oxide with high purity 2. Complexity of particle size control

2 Sol-gel 1. Cobalt oxide with high 1. It is a time-consuming process, and [26]

dispersibility
2. Suitable for making thin films
and coatings

specialized equipment is required
2. Does not have the ability to economically
scale

3 Spray pyrolysis 1. Can be used to create thin films 1. The specialized equipment is required [27]
and coatings 2. The possibility of formation of irregular
2. Process is highly controllable films

4 Hydrothermal 1. Applicable to produce 1. High pressure and temperature are required [28]

method nanostructured materials 2. The specialized equipment is required
5 Co- 1. Control of composition and 1. Complex tuning of experimental conditions [29]
precipitation  structure and/or expensive reagents are required

2. Formation of nanostructures
3. Reduction of temperature
conditions

2. Tendency of synthesis products to aggregate
3. Does not suitable for mass production
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2. Experimental part
2.1. Materials

The following materials and equipment were
used in this work: cobalt nitrate hexahydrate
(Co(NOs),"6H,0), glycine (C,HsNO,) and nitric acid
(all reagents were chemically or analytically grade);
magnetic stirrer (MS-H340-S4); and laboratory
plate.

2.2. Synthesis of Co;0, by solution combustion
method

The synthesis of ultra-disperse metal oxide
particles is based on the exothermic process of
interaction between the components of the solution
system: fuel and oxidizer. Co;O, nanoparticles were
synthesized by the solution combustion method.
Cobalt nitrate hexahydrate (Co(NOs), - 6H,0) as
oxidizer and glycine (C,H;NO,) as fuel were used
to produce cobalt oxide. The reaction equation
of glycine-nitrate synthesis of cobalt oxide is as
follows:

3Co(NOs), - 6H,0 + 6C,H:NO, + 6.50, —
C0,0,+12C0O,1 + 6N, 1 +33H,01 (1)

The influence of the ratio of fuel and oxidizer on
the morphology of the obtained nanoparticles was
investigated. For this purpose, synthesis was carried
out from a mixture of cobalt nitrate hexahydrate and
glycine in the stoichiometric ratio =1 (3 moles of
cobalt nitrate to 6 moles of glycine) and under the
condition of a fuel-rich mixture ¢=1.5 (for 3 moles
of cobalt nitrate — 9 moles of glycine). The effect of
nitric acid addition on the dispersion of cobalt oxide
was investigated. Nitric acid was added in an amount
of 10% by weight of cobalt nitrate.

The initial reagents were completely dissolved
in 50 ml distilled water in a heat-resistant beaker
and then evaporated to a volume of 5-7 ml. After
evaporation, the reaction mixture was heated to 260
°C, whereupon spontaneous ignition of the solution
was observed. The decomposition temperature of
glycine was taken into account while selecting the
self-ignition temperature. The ignition of the fuel
mixture in solution leads to a temperature increase
to 1200 °C and precipitation of the final product. The
product of synthesis was washed with distilled water,
and then dried at 80 °C for 24 h.

2.3. Methods of Co;0, characterization

Currently, microscopic techniques are widely
used to analyze the structure of various materials,
including nanoparticles, and have an essential
role for their characterization. These techniques
include visible spectrum imaging, scanning electron
microscopy (SEM) and transmission electron
microscopy (TEM). One of the significant advantages
of visual methods is the ability to represent structure
in different regions of the samples. Thus, the images
obtained provide information useful for comparing
localized structures throughout the sample. Despite
these advantages, optical methods do not provide the
quantitative data necessary for comparative analysis
of different nanoparticles. Therefore, samples were
examined by energy-dispersive X-ray spectroscopy
(EDX) to determine the elemental composition.

2.3.1. Transmission electron microscopy

Transmission electron microscope (TEM) JEM-
1011 in the Kazakhstan-Japan Innovation Center of
the Kazakh National Agrarian University from JEOL
company from Japan was used to study the structure
of cobalt oxide. This microscope is equipped with a
Morada digital camera (Olympus, Japan). Its main
specifications include an accelerating voltage that
can be adjusted from 40 to 100 kV, an accurate
resolution of 0.3 nm, a linear resolution of 0.14 nm,
a LaB6 electron gun, and a magnification range from
100 to 1,000,000. This technique plays an important
role in the development and characterization of
various nanomaterials, including nanoparticles, and
is an integral part of modern nanotechnology and
materials science.

2.3.2. Scanning electron microscopy

Quanta 2001 3D scanning electron microscope
(FEIL, USA) with an accelerating voltage of 30 kV
was used to study the structure, size, and morphology
of samples ("National Nanotechnology Laboratory of
Open Type" Al-Farabi KazNU, Almaty, Kazakhstan).
This method allows imaging of the surface, which
makes it possible to determine both the structure and
size of individual particles. This microscope also has
an energy-dispersive X-ray analysis (EDX) system
that can determine the chemical composition in the
B to U range, with a resolution of 132 eV (Mn Ka).
EDX analysis was used to determine the chemical
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composition of cobalt oxide nanoparticles and
quantitative data.

2.3.3. X-ray diffraction analysis

The crystal structure of the nanomaterial samples
was investigated through X-ray diffraction analysis
(XRD) using a DRON-3M multipurpose X-ray
diffractometer with copper radiation, which has an
IBMPC-based control and recording system in digital
form. XRD was used to obtain data on the lattice
parameters of the substances, to determine their
phase composition and the degree of amorphousness
of the sample. The samples were examined under the
following imaging settings: the X-ray tube voltage
reached 30 kV, the tube current was 30 mA, and
the goniometer was moved with an angular step of
0.05° 26 while measuring the intensity up to 1.0. The
sample was rotated in its plane at a speed of 60 rpm.
Analysis of the X-ray data to determine the angle
and intensity of reflection was performed using the
program "Fpeak". Phase analysis was performed
using the program "PCPDFWIN" and the diffraction
data database. The obtained spectra were identified
using the JCPDS X-ray database. The apparatus error
of X-ray pulse measurement was less than 0.4%.

2.3.4 Small-angle X-ray scattering method

To investigate the nanoscale catalyst particles,
small-angle X-ray scattering was applied. SAXS
curves were analyzed using a Hecus S3-MICRO
diffractometer with a Cu-C radiation filter. The value
of the scattering vector modulus q=4-m-sin® /A, where
20 is the scattering angle, A is the wavelength of the

JCPDS: 00-042-1467
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Fig. 1. Diffractogram of cobalt oxide obtained by solution
combustion method of cobalt glycine-nitrate mixture at ¢=1.5.

radiation used, thus A was equal to 1.54 A and 20
was equal to 0.008+8) was used as the scattering
coordinate. The scattering intensity was recorded in
the range q from 0.006 to 0.6 A-1; q is linearly related
to the correlation L~2n/q. The small-angle curves
for glycerol and several samples of nanoparticles
dissolved in glycerol and obtained by the SAXS
method were used to determine the size distribution
(radius histogram) in the spherical approximation for
nanoparticles.

3. Results and discussion

To establish the chemical and phase composition
of the synthesized cobalt oxide nanoparticles, X-ray
diffraction analysis was carried out, which showed
that in all cases monophasic cobalt oxide with the
formula Co;0, was obtained (Fig. 1).
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Fig. 2. Small-angle curves of glycerol and Co;O, nanoparticles
(9=1): (a) Co304 nanoparticles obtained without addition of nitric
acid (¢=1); (b) Co;04 nanoparticles obtained with addition of
nitric acid (¢=1).
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Fig. 3. Size distribution of Co;04nanoparticles in spherical approximation without addition of nitric acid (¢=1).

The diffractogram shows a characteristic
diffraction pattern with a series of distinct peaks
corresponding to planes (111), (220), (311), (222),
(400), (511) and (440). The diffraction peaks and
reflections are consistent with JCPDS card: 00-042-
1467 [31]. All reflections are attributed to the typical
Co;0, phase. The monophasic cobalt oxide Co;0,
has a crystal symmetry corresponding to the crystal
structure of spinel. The spinel structure is a type of
cubic crystal structure with a space group known as
Fd3m (face-centered cubic structure), which is also
referred to as a "cubic densely packed" structure. In
the spinel structure, Co;0, consists of two different
types of cations (Co?" and Co*" cobalt ions) distributed
in a specific order within the crystal lattice. This
arrangement results in the characteristic symmetry
of the Fd3m spinel structure. In the Co;0, spinel
structure, oxygen ions (O*) form a tightly packed
face-centered cubic (FCC) lattice, while cobalt ions
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occupy both octahedral and tetrahedral positions
within this oxygen lattice. The arrangement of cobalt
ions within these positions contributes to the unique
symmetry of Co;O, as a spinel. To establish the
chemical and phase composition of the synthesized
cobalt oxide nanoparticles, X-ray diffraction analysis
was carried out, which showed that in all cases
monophasic cobalt oxide with the formula Co;0, was
obtained (Fig. 1).

To determine the effect of nitric acid, experiments
were carried out without and with the addition of
nitric acid to the initial mixture. The obtained samples
were investigated by small-angle X-ray scattering.
Glycerol was used as a matrix. Small-angle curves
for glycerol and Co;0, nanoparticles (p=1, without
the addition of nitric acid) and Co;0, (¢=1, with the
addition of nitric acid) (Fig. 2a, 2b). The contribution
of small-angle scattering of glycerol was subtracted
from the curve to determine the size distribution of
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Fig. 4. Size distribution of Co;04 nanoparticles in the spherical approximation with the addition of nitric acid (¢=1).
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(a)
Fig. 5. Microscopic images of Co;O, nanoparticles at =1 with the addition of nitric acid: (a) SEM image: (b) TEM image.

nanoparticles (the sphere radius is indicated in the
histogram) in the spherical approximation.

As can be seen from the graph of the distribution
of cobalt oxide nanoparticles by diameter, 8%
of particles have a diameter close to 5 nm, about
9-10% of nanoparticles have diameters up to 4
nm, a diameter of 5-6 nm corresponds to 1.5% of
the studied nanoparticles, the contribution of the
remaining nanoparticles is less 1%. The remaining
fraction of nanoparticles has dimensions much larger
than the maximum permissible diameter, so their
contribution is not taken into account and is not
displayed on the graph.

As can be seen from the distribution plot of Co;0,
nanoparticles obtained without the addition of nitric
acid (Fig. 3), the main fraction of particles has a
diameter up to 6 nm, but particles with diameters up
to 25 nm are also present.

@

500nm

(b)

As can be seen from the distribution graph of
Co;0, nanoparticles obtained with the addition of
nitric acid (Fig. 4), the bulk of the particles have
diameters up to 8 nm. In this case, the nanoparticles
have diameters up to 10 nm and there are no particles
with larger diameters. The results obtained showed
that the addition of nitric acid allows obtaining more
monodisperse particles with a small spread.

As can be seen from the obtained scanning and
transmission electron microscope images (Fig. 5),
for cobalt oxide particles at stoichiometric fuel-to-
oxidizer ratio g=1, the particle size range is from 23
to 60 nm, and agglomerates larger than 500 nm are
also present. The formation of agglomerates can be
attributed to high-temperature fluctuations during
the self-ignition of the mixture. For the cobalt oxide
nanoparticles at a ratio of ¢=1.5, the particle size
ranges from 20 to 65 nm, without large agglomerates

(b)
Fig. 6. Microscopic images of Co;0, nanoparticles at ¢=1.5 with the addition of nitric acid: (a) SEM image: (b) TEM image.
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Table 2. Key parameters of Co;0, — based gas sensors

Electrode material Sensitivity Gas Operating Detected gas Ref.
composition concentration temperature (°C)
(ppm)
Co0;04 12 100 175 Ethanol [35]
Co050, 11.2 100 160 NH; [36]
Co;0, 11.4 100 150 Acetone [37]
Co050, ~14 100 160 Ethanol [38]
Co050, 5.4 10 300 Ethanol [39]
Co;0, 5 100 160 Acetone [40]
C0;04/Sn0, 13.6 100 200 NH; [41]
C0;04/WO; 6.1 2000 200 H, [42]
C0;04/Zn0O 30 100 20 NO, [43]
Co;04/TiO, 16 100 140 CcO [44]
Co;04/Ag ~5 5-1500 50-200 CcO [45]
Co0;0,/Cu0O 1.5 100 160 NO, [46]

(Fig. 6). A comparison of the two samples based on
SEM and TEM images illustrates the positive effect
of fuel addition above the stoichiometric ratio. The
reaction of the fuel with the oxidizer leads to the
decomposition of the initial components with the
formation of gaseous products that lead to further
dispersion of the final product.

Thus, the obtained results confirm the efficiency of
the synthesis of Co;0, nanoparticles by the solution
combustion method. Changing the composition
of the initial mixture can significantly change the
morphology of the obtained product and clearly
illustrates the possibility of controlled synthesis.
The synthesized Co;0, nanoparticles are perspective
materials for application in gas sensors.

Co;0, as a transition metal oxide has chemical,
phase, and structural stability, which allows
increasing the temperature if necessary, and high
electrical conductivity, which allows recording the
chemoresistive response that occurs during the redox
reactions of metal oxide with the detected gas [2,
32]. For this purpose, in metal-oxide gas sensors,
the sensitive material Co;0, is heated at a certain
temperature. The flow of electricity within this
material depends on the number of free electrons.
When the sensing material is in clean air, the oxygen
(O,) in the atmosphere adsorbs on the surface of the
sensing material, attracts free electrons, and keeps
the electrons on the surface as ions. This leads to an
increase in the resistance of the sensor, resulting in a

decrease in the flow of electrons within the sensing
material. In the presence of reducing gases such as
methane or propane, these gases interact with the
adsorbed oxygen, releasing bound electrons within
the sensing material. This results in a decrease in
the resistance of the sensor, allowing more electrical
current to flow. As the concentration of reducing
gases increases, the resistance of the sensor decreases
further, allowing even more electrical current to
flow. According to the sensitivity characteristics of
Co;0,, there is a certain relationship between the
sensor resistance and the gas concentration in the
atmosphere, which provides information about the
concentration of pollutants in the air [33, 34].

In Table 2, examples of Co;0, applications in gas
sensors for the determination of a wide range of gases
are shown. The main parameters of Co;0, — based
gas sensors are given.

Successful results of Co;0, application in gas
sensors show the prospect and relevance of the
development and optimization of methods for
obtaining cobalt oxide nanoparticles with controlled
parameters of morphology and structure to obtain
stable and repeatable results.

4. Conclusion
Co;0, nanoparticles were obtained by solution

combustion method as a result of the exothermic
redox reaction of cobalt nitrate hexahydrate
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(Co(NO;),"6H,0) and glycine (C,HsNO,). The effect
of the addition of nitric acid and the fuel: oxidizer
ratio on the structure and dispersibility of cobalt
oxide nanoparticles was investigated. The positive
effect of the addition of nitric acid was established.
The addition of nitric acid allows to obtain of cobalt
oxide nanoparticles with a more uniform distribution
of particles, which is proved by SAXS investigations.
Moreover, it was found that the use of a fuel-rich
mixture (¢=1.5) leads to the formation of more
homogeneous Co;0, crystals with a size of 23—-60
nm. Thus, by changing the composition and ratio
of components of the initial mixture it is possible to
qualitatively change the structure and morphology
of the final product. Co;O, nanoparticles obtained
by solution combustion method is a potential and
perspective sensitive material for gas sensors, while
manipulation of the synthesis process allows to obtain
nanoparticles with a given structure and properties.
Thus, it allows Co;0,4 nanoparticles-based gas sensors
to be used further in the military, metallurgy, and oil-
producing industries, which expands the scope of
potential application of cobalt oxide nanoparticles
obtained by solution combustion method.
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CyiibIK ¢a3zanbl xkany agiciMmer ajbinran Co;0,
HaHOOOIIIeKTePiHiH MOP(}OJIOTHATBIK
epexkueaikTepi

A. Kenem6ekosa!”, A.Umam'?, b. Kaiinap',
3. Encer?, A. UnesiHoB?, M. ApTeikbaeBal,
H. IMpuxoxpko'?, I'. Cmarysosa!

YKany npoGuemanapbl MHCTUTYThI, berenbaii 6atsip K., 172,
Anmartsl, Kazakcran

2On-®apabu atbiHgars Kazak yJITTBIK YHHBEPCHTETI,
on-dapabu naH., 71, Anmarsl, Kazakcran

SFymapOek J[oykeeB aThIHAAFBl AJIMATBl SHEPreTHKA KOHE Oaii-
JaHelc yHuBepcuteTi, badtypcemynsr k. 126/1, Anmarsr, Ka-

3aKCTaH
AHHOTALMS

JKahaHABIK SKONOTHSIIBIK JaFJapbic KOpIIaraH
opTa mapaMeTpliepiH OakpuIay JKOHE Tajjay Kypai-
Japsl MEH SJICTEPiH KEeTUIHipyal KaxkeT eTTi. Aya
canacelH Oaranay YIIiH ©Te MaHBI3Jbl T'a3 AaT4hK-
Tepi 3USHABI 3aTTaplbl AHBIKTAYJbIH IOJIIITT MEH
THIMIUITIH apTTBIPY MaKCaThIHIA YHEMI JKeTij-
nipirin oteipaapl. Onap >KYMBIC OpBIHAApHIHIA, Ka-
JIANBIK JKEpIIepAc XKOHE OHEPKACINTIK HbICaHIapaa
KayilNCi3MiKTI KaMTaMmachl3 €TyJe MAaHBI3IBI Poll
aTKapazpl, OyJI JacTaHyMeH Kypecyre KOMEKTeCeIi.
a3 maTymkTepiHiH KAKCAPTHUIFAH OHIMJIUIIr rasra
ce3iMTall MaTepHalgapIbl KOHE OJapIblH KYPbLIbI-
MBIH MYKHAT TaHAay MeH Oakpuiayra OalIaHBICTHI.
Byran rasra ce3iMTall KOCBUIBICTAp bl OHTAMIAH TbI-
Py, 03bIK MaTepuajaapisl MaigaiaHy KoHe 3arTap-
IIBI ce31MTaJ JKOHE KBUIJaM aHBIKTay TEXHOJIOTHsIIa-
PBIH 93ipiiey Kipei.

Ochl MakcaT YIIH TEPCHEKTHBAIBl KOCBHUIEI-
cTapablH Oipi — cyHBIK-(ha3alblK JXKaHy oJiCIMEH
tuimai cuHTesnaenren Co;O, okcumi. byn omic ka-
panmaibIMIBUTBIFEIMEH €pEeKIIeICHE I KoHe OHIMHIH
KYPBUIBIMBI MEH KacHeTTepiH JoN OaKbuiayFa, OHBI
HaKTHl TajanTapra OeHimaeyre MYMKiHIIK Oepeni
YKOHE aHBIKTAYABIH JKOFAphl THUIMIUIITT MEH IOJTi-
rin Kamramacel3 ereni. byn zeprreyne Co;O, 6ein-
HIEKTepi CYHBIK-(a3alblK >KaHy oAici apKbUIbl a30T
KBIIIKBUIBI KOCBUIFaH KOOANIbT HUTPAThl MEH TIIMIIMH
KOocIachblHaH cuHTe3aenai. KobanbT okcuminig Mop-
(hOJIOTHSUTBIK CUITaTTaMajapblHa a30T KBIIIKBLUTBIHBIH
KOCBUTYbI MEH OTBIH-TOTBIKTBIPFBIII KAThIHACHIHBIH
acepi 3eprrenmi. SEM, TEM, XRD xone SAXS
TanaayjJapbIHbIH HOTHXKENEPl a30T KBIIIKbUIBI MCH
OTHIHMEH OalbITBIIFAH KOCIAHBIH KOCBUIYbI JHaMe-

Tpi KillipeK AHMCIEpPCHs KOHE TYPAaKTHl KacHETTepi
Oap HaHOOeJIIIEeKTepre OKEIEeTIHIH pacTabl.

Kinm ce30ep: MeTaml-OKCUATI HaHOMAaTepuasaap,
Co,;0, HanoOemnmekTepi, CYHBIK (ha3anbIk )KaHy 9ici,
9K30TEPMHUSIIBIK TOTBIFY-TOTBIKCHI3IaHy PEaKIUsICHI,
ra3 JaTYUKTEpi.

Mopdoaoruyeckue o0COOEHHOCTH HAHOYACTHIL
Co0;0, moJry4eHHBIX MeTOI0M KUAKO(PA3ZHOIO ro-
peHust

A. Kenem6ekosa!®, A. Umam'?, b. Kaiinap',
3. Encen?, A. UnesiHos?, M. ApTeikbacBal,
H. Ipuxoapko'?, I'. Cmarynosa'

"Mucrutyt npobiem ropenus, yi. boren6aii 6atsipa 172,
Anmartel, Kazaxcran

2Ka3axCKuil HAllMOHAJIbHBIM YHUBEPCHTET MM. aib-Dapadu,

np. ans-Papabu 71, Anmatel, Kazaxcran

S AIMaTHHCKHIT YHHBEPCUTET SHEPTeTUKH | cBsizu M. I'. Jlayke-

eBa, yi. baiitypceiaynst 161/1, Anmater, Kazaxcran
AHHOTALIUS

B cBsi3u c ro0anbHBIM IKOJOTUYECKHM KpPU3H-
COM BO3HHKAEeT HEOOXOIUMOCTh COBEPIICHCTBOBA-
HUSl CPEACTB M METOJIOB MOHHMTOPHMHIA W aHajIM3a
napaMeTpoB OKpysKatomiei cpeasl. ['a3oBble gaTuu-
KH, UTPAOIINE BAXXHEHIITYIO POITb B OIICHKE KauecTBa
BO3/yXa, INOCTOSIHHO COBEPLICHCTBYIOTCS C LENbBIO
MOBBILICHUSI TOYHOCTH ¥ 3 (HEKTUBHOCTH OOHApYKe-
HUSl BpeIHBIX BemecTB. OHM UIPaloT BaXKHYIO POJIb
B oOecrieyeHNH 0€30MacHOCTH Ha pabouux MecTax,
B rOpoJax W MPOMBILUIEHHBIX O00BEKTax, CIoco0-
CTBYS O0pBr0OE C 3arpsA3HEHNEM OKPYKAIOIIEeH Cpebl.
[ToBrimenre 3¢ (heKTUBHOCTH ra30BBIX CEHCOPOB 3a-
BUCHUT OT TIIATENLHOrO0 MOA0Opa M KOHTPOJIS razo-
YYBCTBUTENBHBIX MaTEPHAJIOB W X CTPYKTYpHL. J{is
3TOr0 HEOOXOOUMO ONTHMM3HPOBATH Ta304yBCTBU-
TeNbHbIE COCTUHEHHS, UCIOIb30BaTh COBPEMEHHEIE
MaTepuaibl U pa3padaTeiBaTh TEXHOJIOTHU JIJISI 9yB-
CTBUTEIBHOTO U OBICTPOro OOHApY>KEHUS BEILIECTB.
OpHMM W3 MEPCIEKTUBHBIX COEAMHEHWH A JTUX
ueneit sBistercst okeun Co;0, >PdexkTuBHO CHH-
TE3WPOBAHHBIA METOAOM JKUAKO(A3ZHOIO TOpEHUS.
OTOT METOX OTIMYaeTcs MPOCTOTOM M TO3BOJISET
TOYHO KOHTPOJHUPOBATH CTPYKTYPY M CBOHCTBA MpO-
IOYKTa, YTO JaeT BO3MOXKHOCTH aJalTHPOBATh €ro K
KOHKPETHBIM TPeOOBaHUIM U 00ECHEUUTh BBICOKYIO
3((pexTUBHOCTH M TOYHOCTH OOHapyxeHus. B nan-
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HoOH pabote gactuilbl Co;O,0bITH CHHTE3UPOBAHBI U3
CMecCH HUTpaTa Ko0anbTa 1 TIIHIHHA ¢ T00aBICHHEM
a30THOM KHCIIOTHI METOJIOM KHUJAKO(PA3HOTO TOPEHUS.
Bbruto mcclienoBaHO BIHMSHHUE T00ABICHUS a30THOU
KHCIIOTHl U COOTHOIIEHUE TOPIOYETO K OKUCIHTEIO
Ha MOp(doJIOornYecKrue XapakKTePUCTUKH MOTy4aeMO-
ro okcuaa kobanbTa. Pesyneraret COM, [1OM, POA
1 MYPP ananu3oB moaTBepkIaoT, 4TO T00ABICHHE

a30THOHM KHMCJIOTHI M MCIIOJb30BaHHE TOIIMBO-OOra-
TOH CMecH MPUBOAAT K O0pa30oBaHUI0 HAHOYACTHII
C MCHBIIUM Pa3OpOCOM IO JAMaMeTpy U OoJiee cTa-
OMJILHBIMU ITOKa3aTEIISIMU.

Kurouesovle cnosa: MeTan-oKCUIHBIE HAHOMATepUa-
a1, HaHouyacTulel Co;04, METO KUAKOPAZHOTO TO-
peHHUsI, IK30TepMUUYECKass OKHCIUTEIBHO-BOCCTAHO-
BUTEIbHAS PEaKIUsl, Ta30BBIE CEHCOPEI.



