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ABSTRACT

This work presents the synthesis of carbon nanofilaments obtained through the decomposition of
graphite in methane plasma with argon admixture. The resulting nanostructures exhibit an amorphous
configuration and remain transparent across the visible spectrum, making them attractive candidates
for optical and optoelectronic applications. Atomic force microscopy revealed that the filaments form
a compact, vertically oriented network on the substrate surface, while Raman spectroscopy provided
information on their local bonding environment. Morphologically, the carbon filaments display
flattened, ribbon-like forms, and their densely packed columnar structures reach an average length of
~36 nm. The optical transmission spectrum showed transmittance of ~65% near 400 nm, ~75% within
the visible region, and nearly 80% in the near-infrared range, gradually increasing toward longer
wavelengths. This degree of transparency in the visible spectrum is sufficient for practical device
applications. When the incident light wavelength is comparable to or smaller than the inter-filament
spacing (100-500 nm), light propagation occurs through reflections from the filament walls. The optical
band gap of the structures was determined to be ~2.85 eV. Overall, the analysis of structural and optical
properties confirms the successful fabrication of amorphous carbon nanofilaments, highlighting their
strong potential for integration into advanced optoelectronic systems.
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Introduction

In recent years, humanity has faced new
challenges in organizing social and economic
relations. History demonstrates that economic
revolutions are frequently accompanied by scientific
breakthroughs, where a qualitative shift emerges
after the gradual accumulation of knowledge.
Within the framework of our research, one of the
tasks was to study carbonaceous residues obtained
during experiments performed by reactive
magnetron sputtering [1]. A review of the literature,
combined with optical characterization of these
residues, suggested that they represent
heterogeneous carbon formations containing
nanofibers. To properly follow the logic of this
investigation, it is necessary to refer to relevant
earlier studies [2].

The main aim of this work is to synthesize and
investigate carbon nanofilaments of various
architectures for different practical applications. In
particular, we focused on amorphous carbon
nanofilaments with broad optical transparency
covering both the visible and near-infrared regions,
which makes them promising for optoelectronic
devices. Owing to their topology, carbon
nanostructures often exhibit properties of quantum-
size systems and are therefore of considerable
scientific  and technological interest. The
nanofilament concept is widely applied across
materials science, nanotechnology, and device
engineering. For instance, nanofilaments can serve
as fundamental elements in nanoscale electronics,
such as nanowire transistors, where their unique
nanoscale electronic properties can be fully
exploited [[3], [4]].

Several studies have emphasized the fabrication
of advanced nanostructures [5], including patterned
metasurfaces [5] and the integration of ZnO
nanofilaments into one-dimensional TiO, structures
[6]. These publications primarily concentrate on
synthesis techniques and subsequent analysis [6].

Reference [7] provides a comprehensive
overview of how carbon nanofilaments have been
integrated into cementitious composites. It also
reports recent experimental results demonstrating
improvements in the mechanical performance of
CNF-reinforced cements [8].

There are three main approaches to fabricating
such carbon nanostructures: arc discharge [[9], [10],
[11], [12]], laser ablation [[10], [11], [12]], and
chemical vapor deposition (CVD) [11]. For example,
in [[10], [11], [12]], CNTs and CNFs were synthesized
on an aluminum substrate pre-coated with nickel,

which acted as a catalyst (approximately 5 wt.%).
Key parameters such as carrier gas composition,
reaction temperature, and growth duration were
shown to significantly affect the resulting
morphology [12].

In another study, a ternary catalyst system
consisting of NiO, CuO, and Al,0; was designed with
three distinct regions for the synthesis of CNTs and
carbon nanosheets (CNSs). The process relied on
thermal CVD with acetylene as the precursor [[10],
[11], [12], [13]]. Reference [14] investigated carbon
nanotubes and nanofilaments synthesized via
catalytic acetylene decomposition over Pd/Al,O3
catalysts. At 700 °C, the products were
predominantly CNFs with diameters in the 9-26 nm
range, while at 800 °C, multiwalled CNTs with a
layered morphology were formed. Under other
conditions, amorphous carbon with diverse
geometries was also observed.

One strategy to prevent aggregation of CNTs and
CNFs is to anchor their ends, enabling the formation
of stable hierarchical structures. A common
approach involves growing CNTs directly on micron-
sized carbon fibers. For example, CNTs have been
deposited on both polyacrylonitrile- (PAN-) and
pitch-based fibers using hot-filament CVD with H,
and CH, as feed gases. In this case, nickel clusters
electrodeposited onto the fiber surface served as
catalysts, producing uniform coatings of multi-
walled CNTs with smooth walls and low impurity
levels [15].

Carbon nanofilaments and nanotubes show
strong potential in enhancing the performance of

fiber-reinforced polymer (FRP) composites by
improving  both  mechanical behavior and
multifunctionality. Direct dispersion of

nanofilaments into the polymer matrix, however,
has drawbacks. A promising alternative involves
growing large volumes of aligned CNFs directly on

fiber surfaces before composite processing. The
so-called graphitic structures by design (GSD)
approach makes use of fuel mixtures and nickel
catalysts, and has been shown to produce
nanofilament coatings on commercial PAN-based
fibers at 550 °C using ethylene as the carbon source
[16].

The pyrolysis of methane, acetylene, and
benzene has been extensively studied. Methane,
unlike CO, does not easily decompose at low
temperatures, which favors the growth of single-
walled CNTs with fewer amorphous carbon
impurities. Various activation methods have been
tested, including external gas heating, plasma
excitation (microwave plasma, glow discharge, etc.),
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hot-filament techniques, and laser heating. The
most common plasma synthesis route employs
methane diluted with hydrogen [17].

Magnetron sputtering is also an important
method in plasma nanotechnology, enabling the
deposition of graphite films, nanotubes, and related
carbon nanostructures [18]. Owing to their high
strength and stiffness, CNFs/CNTs are regarded as
effective reinforcements for cementitious materials
[19]. Nevertheless, their direct incorporation
presents practical challenges.

Catalytic methane decomposition (CDM) offers
a CO,-free hydrogen production pathway while
yielding CNFs as valuable by-products. Studies have
applied thermogravimetric screening to identify
suitable catalysts by measuring carbon yield in CDM
[20]. For example, Ni-Cu—Mg—Al catalysts have been
tested, where Cu content was shown to affect both
filament morphology and catalyst particle size [20].
Beyond catalytic methods, other synthesis
approaches such as graphene growth and template-
assisted methods are also employed [[21], [22]].

In [22], nanofilaments were synthesized directly
on carbon fiber surfaces using GSD techniques, while
liguid-phase carbonization with anodic alumina
templates produced porous carbon structures.
Samples annealed at 1000 °C exhibited higher
electrochemical capacity compared to those treated
at higher temperatures. Other works demonstrated
multiscale growth of nanofilaments using Pd
catalysts from ethylene/oxygen mixtures at 550 °C,
producing filaments whose diameters corresponded
to catalyst particle size [23]. These fibers showed
potential for improving strength, ductility, and
energy absorption in composite systems.

High-pressure synthesis of sp3-hybridized
hydrogenated carbon nanofilaments remains an
active field. Such materials are expected to possess
superior strength due to their dense packing and
strong covalent bonding. In one study, mechano-
chemical synthesis was used to transform benzene
into crystalline bundles of sp3-carbon nanofilaments
under uniaxial compression, with the resulting fibers
demonstrating ease of exfoliation and high energy
density [24]. Raman spectroscopy, XRD, SEM, and
TEM analyses were used to study their structure and
growth mechanisms.

The relationship between catalyst properties
and filament texture was also reported in [25],
where CNTs and CNFs were synthesized on Ni—Cu—
Mg—Al catalysts via vapor-phase deposition. It was
established that the graphene orientation and

crystalline domains in the filaments are directly
correlated with the morphology and dimensions of
the catalyst particles.

In the present work, we focus on amorphous,
columnar carbon nanofilaments synthesized by
plasma-assisted methane decomposition with argon
addition. Their structural features, including
transparency and vertical alignment, make them
suitable for optoelectronic applications.

Experimental part

A. Method of magnetron sputtering

In this study, direct-current magnetron
sputtering of a graphite target was employed under
varying working gas pressures at room temperature.
Magnetron sputtering is a widely used physical
vapor deposition technique for producing thin films
on a substrate. In this method, the target material,
which simultaneously acts as the cathode,
undergoes erosion under the influence of a
magnetron plasma discharge. The process initiates
with the generation of plasma within the chamber
above the target surface, where accelerated
electrons collide with inert gas atoms, typically
argon, leading to ionization.

In the case of reactive magnetron sputtering, an
additional reactive gas, methane, is introduced. This
gas interacts with the sputtered atomic species
during deposition, thereby facilitating the formation
of a compound thin film. Depending on the process
conditions, reactions may occur either directly on
the target surface or predominantly at the substrate.
When the partial pressure of the reactive gas is high,
reactions take place at the target surface, producing
compounds that are subsequently transported and
deposited on the substrate. Conversely, at lower
pressures, the interaction in the gas phase is limited,
and the reactions primarily occur on the substrate
surface as solid-phase processes.

During sputtering, positively charged argon ions
generated within the plasma are accelerated toward
the graphite cathode, impacting its surface and
ejecting carbon atoms and clusters. These liberated
species travel through the plasma toward the
substrate, where they condense and form thin films.
The high plasma current enhances decomposition,
excitation, and ionization of methane molecules,
resulting in a flux of energetic species, including free
atoms with sufficient kinetic energy to surpass the
activation barrier for diffusion and nucleation. As a
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consequence, stable thin films of the desired
material are formed on the substrate surface.

B. Carbon Nanofilaments fabrication

The coating deposition was carried out under
fixed process conditions: the gas mixture consisted
of 25% methane and 75% argon. The discharge
parameters were maintained at a voltage of U = 500
V and a current of | = 30 mA, corresponding to a
discharge power of P =15 W. The pressure inside the
working chamber was kept at 6 x 1072 Torr, while the
vacuum lamp operated at a voltage of U = 2.4 mV.
The sputtering duration was 15 minutes, and the
substrate temperature was stabilized at 230 °C.
Quartz substrates were employed for the deposition
process.

C. Physical methods

The synthesized carbon nanofilaments were
examined using a set of complementary physical
characterization  techniques, including X-ray
diffraction (XRD), scanning electron microscopy
(SEM), and Raman spectroscopy. Optical
transmission spectra of the samples were recorded
with SF-256 UVI and Shumasu spectrophotometers
over a spectral range of 160-1100 nm. The phase
composition was analyzed using a PANalytical X'Pert
MPD PRO X-ray diffractometer equipped with Cu-Ka
radiation, and the obtained patterns were identified
by comparison with the JCPDS reference database.

Electron  microscopy investigations were
conducted on an MT-MDT Integra Prima system and
a Jeol SPM 5200 scanning probe microscope fitted
with NSC 37 AIBS cantilevers. Raman measurements
were performed on an MT-MDT Integra Spectra
spectrometer at room temperature. A 473 nm
semiconductor laser (2.62 eV) with a 2 um spot size
was used to excite the spectra, ensuring sufficient
illumination of the thin-film surface. The accuracy of
phonon frequency determination was within +4
cm™, with an exposure time of 30 seconds. To
minimize local heating and irradiation effects from
the 1.5 mW laser, the measurements were
performed in scanning mode at a velocity of
approximately 10 um/s.

Results and Discussion

Atomic force microscopy (AFM) is a highly
effective technique for investigating the surface
structure of thin films, as it enables the
determination of surface roughness from several
micrometers down to fractions of a nanometer. AFM
micrographs of the synthesized samples

demonstrated that the carbon nanofilaments grow
in a densely packed arrangement, oriented almost
perfectly perpendicular to the substrate surface
(Figure 1a). Morphologically, the filamentous carbon
structures resemble flattened, ribbon-like forms.
The average length of the vertically aligned,
columnar nanofilaments was measured to be
approximately 36 nm (Figure 1b).

......

(B) nanowires
250x25.0x1.13um

Figure 1 - AFM image of the nanofilament:

(A) structure is a growth of densely packed
nanofilaments strictly vertical to the substrate surface:
(B) the columnar densely packed carbon nanofilament

The thickness of the deposited films was
measured by comparing the cantilever displacement
at regions without coating and at regions covered
with the film. The height difference provided the
film thickness, which was found to vary between 0.3
pm and 1 pum. The synthesized nanofilaments
reached lengths of up to 300 nm, with diameters
ranging from 10 to 68 nm (Figure 2).

Initially, some uncertainty arose regarding the
accuracy of these measurements. To ensure
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reliability, AFM imaging was performed in two
independent laboratories, using  different
instruments and specialized cantilevers designed for
structures of this scale, thereby minimizing noise
and measurement artifacts.

In order to study the optical characteristics of
the nanocarbon structures, transmittance was
measured with incident light directed
perpendicularly to the sample surface. The obtained
transmission spectrum, recorded within the 160—
1100 nm range, is presented in Figure 3.

)

[deg]
|

-161 =

(B)

Figure 2 - Micrographs of carbon nanofilaments
obtained in methane plasma, obtained by different
atomic force microscopes:

(A) Growth of carbon nanofilaments,

(B) Arrays of vertically oriented carbon nanofilaments
on quartz substrates.

Figure 3 - Transmission spectrum of
carbon nanofilaments

The transmission spectrum revealed that at a
wavelength of approximately 400 nm (short-
wavelength region), the transmittance reached
about 65%. Within the visible range, the
transparency remained around 75%, while in the
near-infrared region it increased to nearly 80%,
continuing to rise gradually with longer

wavelengths. Such a level of optical transparency in
the visible spectrum is sufficient to enable the
application  of carbon  nanofilaments in
optoelectronic devices.

When the incident light wavelength s
comparable to, or smaller than, the spacing between
individual nanofilaments (100-500 nm), photons are
able to propagate through the structure owing to
multiple reflections from the filament walls. The
optical band gap of the carbon nanofilaments was
estimated to be approximately E = 2.85 eV. (Figure
4).

80000 -
70000 -
60000 -
50000 -+
40000 -
30000 -

20000 A
10000 -

acm

Figure 4 - Optical characteristics of the sample:
dependence of a, on photon energy

The optical band gap of a bulk film, assumed to
be homogeneous in mass, can be evaluated using
the Bouguer—Lambert—Beer law, which defines the
exponential relationship between light absorption
and the electromagnetic wavelength [26]. For
practical application, this general law can be
reformulated into the following expression (1.1):

_thickness

(1.1)

Thickness = 1000E-7 cm

Raman spectroscopy is a highly informative
technique for analyzing the vibrational modes and
local structural environment of carbon-based
materials, making it indispensable in their
characterization. Disordered carbon films typically
exhibit two characteristic features in their Raman
spectra: the D-band (Disordered) in the range of
1350-1400 cm™, and the G-band (Graphitic)
between 1575-1600 cm™. Variations in the relative
intensities and frequency positions of these two
peaks provide valuable insight into the degree of C-
C bond hybridization and the evolution of allotropic
modifications in the synthesized carbon films.

For crystalline graphite, Raman scattering
generally produces two main bands: the G peak at
~1582 cm™, attributed to the doubly degenerate E,g
phonon mode within the graphene plane, and a low-
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frequency feature near 42 cm™, associated with
lattice vibrations involving sp?-hybridized carbon
bonds [27]. Even slight disruptions of the graphite
lattice can induce noticeable shifts in the G-band
position. It has been reported [28] that when
graphite crystallite sizes decrease to about 25 A, the
G peak broadens and shifts to higher frequencies, up
to 1593 cm™. In carbon nanostructures and
nanotubes, multiple discrete vibrational modes may
be detected within the G-band region (e.g., 1571,
1585, 1586, 1587, and 1593 cm™). For hollow carbon
systems such as nanotubes of various morphologies,
the Raman response becomes more complex, with
additional peaks corresponding to different bonding
environments.

The D-band, typically at 1341-1350 cm™, arises
from phonon modes near the M and K points of the
Brillouin zone and is strongly correlated with
structural disorder. These modes are particularly
sensitive to lattice imperfections and are indicative
of defect-induced vibrations. The G-band, spanning
1550-1594 cm™, reflects the degree of order in
graphitic materials and is used as a marker for
structural organization in nanotubes and related
systems. In contrast, the 2D (D) band*, observed in
the 2500-2900 cm™ region, originates from second-
order resonant scattering involving two phonons of
equal energy and opposite momentum near the K
point. The intensity and profile of this band provide
insight into the stacking and three-dimensional
arrangement of graphene layers [[29], [30], [31],
[32]].

The Raman spectra obtained for our carbon
nanofilament samples are shown in Figure 5. The
three most prominent lines typically observed in
carbon materials were detected. The G peak at 1590
cm™ corresponds to tensile vibrations of hexagonal
carbon rings, associated with sp? bonding [35]. In
amorphous carbon films, the G peak is often
broadened and may shift within the 1500-1630 cm™
range due to disordered bonding environments [34].
The D peak arises from breathing modes of
hexagonal carbon units and is indicative of lattice
disorder, influenced by phonons near the K point
[[33], [34]]. Its absence suggests a lack of ring
structures, as in pyrolytic graphite [[31], [32], [33],
[34], [35], [36]].

The Raman spectrum of our samples (Figure 6)
showed a dominant G peak at ~1588 cm™ with an
associated shoulder in the low-frequency range,
characteristic of amorphous carbon produced by
reactive methane magnetron sputtering. The D line
at 1350 cm™ confirmed the presence of numerous
defects. The 2D band (2600-2710 cm™) was also

detected, associated with two-phonon resonant
scattering. The enhanced intensity of this band in
certain regions suggests partial structural ordering
within the amorphous carbon matrix.

For quantitative analysis, spectral deconvolution
was carried out. Owing to the overlapping nature of
the D and G peaks (1000-1800 cm™), Lorentzian
fitting was employed, with additional verification
using the Voigt function—a convolution of
Lorentzian and Gaussian distributions. The fitting
reliability exceeded 0.999, confirming the accuracy
of the decomposition [[35], [36], [37]].

The structural classification of the films can thus
be deduced from Raman spectral features. Narrow
line widths (2040 cm™) and the presence of both G
and 2D peaks suggest a high degree of graphitization
in certain domains, consistent with CNT-like regions.
Furthermore, the intensity ratio |_D/I_G is strongly
correlated with the lateral crystallite size (La),
providing an estimate of the degree of disorder or
graphitization in the films [[38], [39]]. The authors
[[38], [39]] empirically derived the expression (1.2):

L. (hnm)=4.5R =45 -I¢ /Ip (1.2)

The lateral crystallite size (La) serves as an
indicator of the structural type of carbon present in
the sample. When La > 20 nm, the material exhibits
predominantly graphitic characteristics. At La = 10
nm, the structure is classified as semi-graphitic,
whereas values of La £ 5 nm correspond to
amorphous carbon domains.

Raman scattering also provides the possibility to
analyze spectra at different distances from the
substrate surface, enabling the monitoring of
structural variations along the vertical axis of the
nanofilament array. In this study, it was
demonstrated that the Raman response of vertically
aligned nanofilaments exhibits noticeable changes
depending on the position of the probing laser beam
along their height, thereby reflecting spatial
variations in structural ordering within the array.

Such an approach makes it possible to trace the
structural evolution of nanofilaments throughout
their vertical growth within the array. Recognizing
these spectral variations provides a basis for
controlling both the degree of ordering and the
morphological profile of the synthesized
nanofilaments, which is essential for tailoring their
fabrication to specific applications. In this study, the
key aspects of interpreting Raman spectra of light
scattering from  vertically aligned carbon
nanofilament arrays have been outlined.
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Figure 5 - Raman spectra of light scattering of the
sample using the Voigt profile (Gaussian and Lorentz
decomposition), carbon nanofilaments

Among the most informative techniques for
characterizing crystalline structures, including
nanostructured materials, is X-ray phase and
structural analysis, which offers direct insight into
lattice ordering and interplanar spacings. (Figure 6).

Figure 6- General view of the X-ray image of the
nanofilament. a): Blue line by Bragg-Brentano method.
Red line according to the sliding X-ray method. Green
line by small angle X-ray scattering. Red line carbon on
substrate quartz

The diffraction parameters of the carbon films
deposited on quartz substrates—including the Bragg
angles (208) of the X-ray reflections, line intensities
(), full width at half maximum (FWHM) of the peaks,
and corresponding interplanar spacings (d)—are
summarized in Table 1.

Based on the analysis of the X-ray peak
broadening, the average size of amorphous
crystallites was estimated to be approximately L =
1.2 A, with an interplanar distance of d = 3.98 A
(Table 1). The dominant reflection, observed at 26 =
22.28°, exhibited an integral intensity value of 100,
confirming the presence of carbonaceous deposits
within the sample.

A distinct category of nanostructured materials
includes amorphous—crystalline systems and
cluster-type metals and alloys, where crystalline
domains are embedded within an amorphous
matrix. In such cases, the characteristic dimensions

of the crystalline inclusions do not exceed 100 nm
for amorphous—crystalline materials, while for
cluster systems, the size of ordered regions is
typically below 2 nm. Within the amorphous film
matrix, these crystalline inclusions manifest as
nanocrystals, thereby imparting unique structural
and functional properties to the material [[40], [41]].

Table 1 - X-ray data of carbon nanofilaments

Pos. [°2Th.] | d-spacing A] | I, Int. FWHM [2Th.]
[%]
6.1907 14.26544 4.8 0.3
12.4479 7.10513 2.55 0.3
22.2838 3.98624 100 1.2
37.6532 2.38701 4.5 0.3
54.6909 1.67692 2.07 0.48
57.5956 1.59906 4.86 0.36
74.3308 1.27508 2.28 0.3
81.3617 1.18172 1.19 0.48
83.1549 1.16073 3.43 0.36
84.4011 1.14674 1.53 0.3
94.784 1.0466 2.61 0.36
95.491 1.04071 2.17 0.36
97.0905 1.02778 3.86 0.36
98.2354 1.01884 2.68 0.36
99.4839 1.00938 2.78 0.36
102.3854 0.9885 1.47 0.3
104.5484 0.97389 2.18 0.36
105.2722 0.96918 191 0.36
105.9447 0.96487 2.24 0.3
107.5544 0.95485 2.27 0.36
110.0735 0.93994 1.58 0.36
112.8789 0.92439 15 0.36
113.6632 0.92024 1.95 0.36
114.5307 0.91573 1.1 0.36
116.8588 0.90411 0.97 0.48
Conclusions
Carbon nanofilaments were successfully

synthesized via reactive magnetron sputtering in a
methane atmosphere. Raman  spectroscopy
revealed a distinct G-band at 1588 cm™ for
nanofilaments deposited on quartz substrates.
Atomic force microscopy confirmed the formation of
vertically aligned nanofilaments with diameters
reaching up to 68 nm. X-ray diffraction analysis
indicated that the average crystallite size was
approximately L= 1.2 A, with an interplanar distance
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of d =3.98 A, and an integral peak intensity of 100 at
20 =22.28°.

Optical transmission measurements
demonstrated a transmittance of about 65% at 400
nm, approximately 75% across the visible region,
and nearly 80% in the near-infrared range, showing
a gradual increase at longer wavelengths. Such
transparency within the visible spectrum is a critical
property, highlighting the suitability of carbon
nanofilaments for optoelectronic applications. Their
ability to transmit visible light with minimal
absorption or scattering is a key advantage for
device integration.

Furthermore, a correlation was observed
between the dimensions of nanofilaments
composed of sp? nodes, the optical band gap, and
the XRD results. The favorable conductivity of these
structures,  particularly in  the direction
perpendicular to the sputtering plane, suggests their
potential use in perovskite solar cells. Specifically,
they may serve as an intermediate layer preventing
direct contact between silver electrodes and the p-
layer of the perovskite absorber. As noted in [39],
future advances in heterojunction photovoltaics are
expected to exploit materials with quantum-
dimensional effects, such as quantum wells and
quantum barriers. In this context, the relative ease
of fabricating carbon nanostructures could make

further
solar

them an attractive candidate for
development in heterostructure-based
technologies.
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TYWIHAEME

anblHFaH
HaHOTa/IWbIKTapAbIH,

KOMIPTEKTI
amopoThbI

By »KymbicTa rpaduTTiH, MeTaH NaasmacbiHAA aproH eHri3ifnyi apKblibl biAblpaybl HITUMKECIHAE
HaHOTa/WbIKTapab!

3epTTey  HaTUXKenepi  KenTipinreH.  AnblHFaH

KypbUibiMbl  6ap »aHe KepiHeTiH CnekTp aimafbiHAa

mengipnirimeH epeklweneHedi, 6yn onapgpl ONTUKanblk KongaHbanap ywiH 6onawarbl 6ap
eKkeHgiriHe ganen. ATOMAbIK-KYLITIK MUKPOCKONMA KOMEriMeH HaHOTa ILWbIKTapAblH acTap 6eTiHae
TbIfbI3 TiK TOP Ty3€TiHi aHbIKTangbl. YArinepain, Xeprinikti KypbliibiMbl PamaH cneKkTpocKkonuAchl
apKblibl 3epTTenai. Mopdonornanbik TypFblAaH KOMIPTEKTI TaNLWbIK TOPI3Ai KYPbIIbIMAAP KaNMak,

— 4] ——


https://doi.org/10.31643/2027/6445.38

Kompleksnoe Ispolzovanie Mineralnogo Syra = Complex Use of Mineral Resources

Tacna Topi3ai Tysinimaepre yKcawabl. Tbifbl3 OpPHANAacCKaH KOJMOHHA Tapi3ai KemipTekTi
HaHOTa/IWbIKTAPAbIH, Y3bIHAbIFbI LLAaMaMeH 36 HM Kypaiapl. TapaTty cnekTtpi 400 HM LWwamacbiHAAFbI
KbICKa TONKbIHAbI aiimaKTa TapaTy wamameH 65%-fa, KepiHeTiH AvanasoHaa wamameH 75%-fa

JKETETIHIH, an »KaKblH MHOPaKbI3bIA AManasoHAa Y3blH TO/KbIH Y3blHAbIKTapbiHAA 6ipTiHgen
Makana kengj: 25 Kolpkyliek 2025 K bpaK A Ay K ¥ ABIKTAPBIHA PTIHA

CapantamagaH eTri: 17 kapawa 2025
Kabbinganabl: 23 axnar 2026 6yn feHreili ONTO3NEKTPOHABIK KYPbINFbINApAa KOMIPTEKTI HAHOTA/LWbIKTapAbl NakganaHy ywiH

apTybiMeH WwamameH 80%-fa AeliiH apTaTbiHbIH KepceTei. KepiHeTiH AMana3oHAafbl MeNAiPAIKTIH,

PKETKINIKTI. TYCKEH »KapbIKTbIH, TOJIKbIH Y3blHAbIFbI HAHOTA/LWbIKTAP apaCbiHAAFbl KALWbIKTbIKNEH
(100-500 HMm) Hemece opaH Aa Kpickapak 60sca, ¥apblk 01apablH KabblpFanapbiHaH WaFblibICy
apPKblbl 0NapAblH apacbiHAa Tapal anagbl. KeMipTeKTi TanlubIKTbIH, XonakK apanbifbl E=2,85 3B.
Cunatrama HaTUKeNepiH TanfdafaHHAH KeWiH, KeMipTeKTi HaHOTa/lWbIKTapablH, amopdTbl
KYpbIIbIMAAPMEH TUIMAI CUMHTe3aenreHi Typanbl KOpPbITbIHABI »Kacayfa 6onagpl, 6yn onapabiH,
aneyeTiH KepceTes;.

TyliiH ce30ep: pPeaKTUBTI MarHeTPOHAbl LWALIbIPaTy, HAaHO Ta/IWbIKTAp, METaH rasbl, ¥KyKa
KabblIKLIa, HAHOKYPbLIbIM.
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pPeaKTUBHOIro MarHeTPOHHOro pacnblIeHUA NPU Pa3/10XKEeHUN MeTaHa
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AHHOTALUMUA
B paHHOM paboTe npeacTaBneHbl pe3ynbTaTbl MONYYEHUS YIAEPOAHbIX HAHOBOIOKOH MNyTem

pasnoxeHus rpaduta B METaHOBOM Miasme C BBeAeHMEM aproHa. MosyyeHHble HaHOBONOKHA
Moctynuna: 25 cemabpa 2025

PeueHsnpoBaHue: 17 Hosbpa 2025
MpuHATa B nevatb: 23 ¢espasna 2026

MUMeIT amopdHYIO CTPYKTYPY M MPO3PaYyHOCTb B BUAMMOW 061acTM CNEKTpa, YTO AenaeT ux
NepCcrnekTUBHLIMM A1 ONTUYECKMX MPUMEHEHMIN. ATOMHO-CUI0Bas MUKPOCKOMMUA NOKasana, Yto
HaHOBO/IOKHA 06Pa3ytoT MAOTHYIO BEPTUKA/IbHYIO CETKY Ha MOBEPXHOCTU NOANOXKKM. JIoKasbHan
CTPYKTypa 06pas3uoB 6bina  uMccnesoBaHa C  MOMOLLbI  PaMaHOBCKOM  CMEKTPOCKOMMWM.
Mopdonornyeckun yrnepogHble HUTEBUAHbIE CTPYKTYPbl HAMOMMHAKOT NAOCKUE NeHTOO6pa3sHble
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06paszoBaHua. [JnHa cTonb4aTbIX, MIOTHO YNaKOBaHHbIX Yr/1€pOAHbIX HAHOBOJIOKOH COCTaBAAET
0K0/10 36 HM. CneKTp NPOMnycKaHWA MOKasbiBaeT, YTo B 06/1aCTU KOPOTKMX BOMH OKosio 400 HM
nponyckaHuMe AOCTMraeT OKono 65%, B BUMAMMOM AmManas3oHe — OKoAo 75%, a B 6AMKHEM
MH}pPaKpacHOM AuanasoHe OHO yBeandmnsaeTcs 40 noytn 80% c nocTeneHHbIM POCTOM Ha bonee
OJIMHHBIX BOJIHAX. TaKoOM ypoBeHb MNPO3PaYHOCTM B BUOAMMOM [MANasoHe [OCTaTodeH AnA
NPYMeHeHUA yriepoaHbIX HAHOBOJIOKOH B ONTO3/IEKTPOHHBIX ycTpoicTBax. Korga annHa BosiHbI
naJaloLero cBeta ConoCTaBMMa C PAcCTOAHWEM MexKay HaHodunameHntamu (100-500 HM) nam
MeHbLUEe ero, CBET MOMET PacnpOCTPAHATLCA MEXAY HUMW 3a CYET OTPAXKEHUA OT UX CTEHOK.
LLpuHa 3anpelieHHON 30Hbl YrnepogHoro HWTKM coctasnsetT E = 2,85 3B. Mocne aHanusa
pPe3ynbTaToOB XapaKTEPUCTUKM MOXKHO CcAenaTb BbIBOA, YTO YrJepofHble HAHOHWUTU bblan
3pDEKTUBHO CUHTE3UPOBAHbI C aMOPGHBLIMU CTPYKTYpamu, 4YTO CBUAETeNbCcTByeT 06 wux
noteHumane.

Knrovesbie ¢108a: peakTVBHOE MarHeTPOHHOE pacrnbleHWe, HAHO-HUTW, METAHOBbIN ras, TOHKasA
NAEHKa, HAHOCTPYKTYpa.
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