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Mechanically alloyed composite materials were obtained from the mixture of Titanium PT-4 grade
(TiH2-Ti mixture), VN and graphite powders. A detailed X-ray diffraction (XRD) study of the phase
composition was provided for the test samples at every 2 hours processing in a planetary ball mill. The
refinement of crystal structures of VN and TiH: phases present in the mixtures obtained has revealed that
during the experiment (16 h of processing) the interaction between components of the charge occurs in two
stages. Namely, the process of formation of vacancies in VN phase dominates at the first stage of synthesis
(up to 5 h of treatment) with the subsequent penetration of released vanadium atoms into the tetrahedral
voids of the TiH2 structure. At the same stage, the interaction of TiHs titanium hydride with carbon atoms
takes place, resulting in the formation of a ~ TiVo.33Ho.66Co.22 compound, which is gradually decomposing at
further processing. At the second stage of mechanochemical synthesis (5-16 h of processing), titanium atoms
formed as a result of the destroying of the a-Ti structure, are immersed in the VN crystal structure and the
formation of a multicomponent (Ti, V)(C, N) solid solution takes place. XRD, SEM and EDS analysis have
shown that the final product of mechanochemical synthesis contains the same amount of Vo67Ti0.3sN solid
solution based on VN nitride and equiatomic (Ti, V)(C, N) solid solution, the formation of which during
mechanical alloying is detected for the first time. Analysing the kinetics of interaction of the components of
Tipr.4-VN-Ca: charge, it was shown that the extreme shock loads and deformations that occur during
mechanical alloying (MA) cause a high degree of structural instability of the phases and lead to close contact
between the grains, activating the flow of diffusion processes. All this stimulates the process of a cold
sintering and creates the conditions for further formation of the multicomponent solid solutions. However,
considering the participation of nitrogen atoms in the diffusion processes, the formation of (Ti, V)(C, N) solid
solution and its full densification is possible only at sintering of the MA mixture at high temperatures.
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1. INTRODUCTION

Transition metal compounds such as TiC, TiN, VN
and TiCN phases belong to the class of hard refractory
metal materials due to their promising physical and
chemical properties. Their high melting points, ultra-
high hardness, corrosion resistance combined with good
thermal conductivity, outstanding electrical and optical
properties made these compounds implemented in
many applications, especially in electrochemical
devices, environmental remediation, gas sensing,
photocatalysis, applied ceramics, and medicine [1-4]. In
particular, TiC, TiN, VN and TiCN compounds have
found their successful application as additives to
improve the functional properties of ceramics [5-7] and
also as components intended for applying biomedical
coatings such as TiN, (TiCN) and (TiVN) [8-10].

According to the authors of [8-10] the (TiVN) and
(TiCN) coatings obtained by PVD method are solid
solutions of the NaCl type and have such advanced
improved properties, such as wear resistance, hardness,
corrosion resistance, and biocompatibilitym which
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PACS numbers: 81.05.Bx, 61.66.Dk, 61.05.cp

make them considerable for due to considering the
above materials are used for implant protection
coatings with proper adhesion, uniformity, high purity,
low cost, speed in processing, and ability to stimulate
bone growth. Therefore, these multicomponents
materials are highly relevant and promising.

In view of the above, a (TiVCN) solid solution that is
a combination of (TiVN) and (TiCN) materials, may be a
subject of increased of some interest. It is such a
multicomponent solid solution (Ti, V)(C, N) of the NaCl-
type that we have previously synthesized as a result of
HPHT sintering (high pressure-high temperature
sintering, 7.7 GPa, 2150 °C) of TiC-VN [11] and (TiHs-
Ti)-VN-C [12] mixtures, which have undergone
preliminary mechanochemical processing in a high-
energy planetary ball mill (rotation speed of 1400 rpm).
It should be noted that, according to the results of a
detailed study of the kinetics of the process of mechanical
alloying of the TiC-VN [13] and (TiHz-T1)-VN-C mixtures
[14], there was the formation of a Voe7Tio.3sN solid
solution based on the VN nitride, as well as solid
solutions based on the TiC or TiHz and Ti phases.
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It should be noted that previously [12, 14] as the
initial charge (TiHz-Ti)-VN-C intendent to obtain a
(T1, V)(C, N) solid solution we have used the industrial
titanium powder of the PT-4 grade, which contains TiH2
hydride. Thus, the authors of [15, 16] showed that the
addition of TiHz2 hydride to the initial titanium charge
leads to a densification of the microstructure, an increase
in the plasticity of the manufactured material and allows
obtaining a biocompatible material with a Young's
modulus of 5.8-9.5 GPa, similar to the spongy tissue of
human bone and with good mechanical compatibility
between the bone and the metal titanium implant.

It should also be noted that we obtained a
multicomponent (Ti, V)(C, N) solid solution only after
HPHT sintering (high pressure-high temperature
sintering) of the TiC-VN [11] and (TiH2-Ti)-VN-C [12]
mixtures previously mechanochemically activated for
8-10 h. However, the authors of [17] managed to
partially synthesize a (Ti, Ta)(C, N) solid solution after
a long (more than 48 h) mechanochemical processing of
the Ti(C, N)-Ta charge.

Considering the above, the aim of this work was to
study the kinetics of interactions of the phases of the
Tipr-4-VN-Car ((TiH2-Ti)-VN-Car) blends, subjected to
long-term processing in a industrial BM6 pro planetary
ball mill (rotation speed of 600 rpm). The components of
the initial blend were industrial titanium powder PT-4
grade, containing its TiHz hydride as well as VN
vanadium nitride and Cer graphite.

2. MATERIALS AND METHODS

The object of the study in this work was the Tipr.4—
VN-Car mixture, prepared from dispersed powders
(diameters up to 50 pm) of industrial titanium (IIT-4
grade, 98.0 wt. % purity), vanadium nitride (VN,
99.9 %) and graphite (Car, 99.999 %). The composition
of the charge was calculated with the aim of obtaining
an equiatomic TiVCN solid solution in the future.

The mechanical alloying (MA) of the charge was
carried out in planetary ball mill BM6 pro (POWTEQ,
Kurait) (marked as PM mill) according to the modes
given in Table 1. Previously [14], a charge of similar
composition was processed in a high energy planetary
ball mill (Taras Shevchenko National University of
Kyiv, Ukraine) (HEPM mill) (Table 1).

Table 1 — Mechanochemical processing modes

Modes PM mill, this HEPM mill
work [14]

Material of vials | ZrO2 Steel

and balls

Number of balls, 16, ¥ 10 mm 20, @ 10 mm

their diameter

Mass ratio 10:1 20:1

between the balls

and the powder

Rotational speed | 600 rpm 1400 rpm

Cyclic mode: 8/2 min 20/10 min

milling/cooling

The phase transformations that the components of the
Tipr-+—VN-Car blend udergo during MA processing were
studied on the test samples selected after each 2 hour of
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treatment the initial mixture in a planetary mill. X-ray
data were obtained on an automated diffractometer.
DRON-4 diffractometer (Burevestnik factory, USSR) with
CuKa radiation operating in a discrete mode with the
following scanning parameters: observation range 26 =
(20-100)°, step scan of 0.05° and counting time per step at
3 s. The original software package, including full complex
of standard Rietveld procedures, has been used for
analysis and interpretation of the X-ray diffraction
patterns obtained, namely, determination of both peak
positions and integral intensities of the Bragg reflections
by means of full profile analysis; qualitative phase
analysis using the least square method for lattice
parameters refinement; refining crystal structures of the
phases (including atomic position filling) and calculation
of the parameters of their real structure (coherent block
sizes and microdeformation values). The full methodology
is described in [18] and is available at x-ray.knu.ua.

The microstructure of the compacted samples was
examined via scanning electron microscopy (SEM)
using a ZEISS EVO 50 XVP instrument (Carl Zeiss
Microscopy GmbH, Germany). Imaging was performed
in material contrast mode using a Compact Zeiss
BackScattered Detector (CZ BSD) to collect
backscattered electrons. Elemental and phase
composition were determined by means of energy-
dispersive X-ray spectroscopy (EDS) using an Ultim
Max 100 detector (Oxford Instruments, UK).

3. RESULTS AND DISCUSSION
3.1 XRD Analysis

The results of X-ray diffraction studies show that the
initial Tipr.+—VN-Ca:r blend contains VN vanadium nitride,
Car graphite and titanium powder of the PT-4 grade,
which is a mixture of TiHz titanium hydride and &-Ti in a
ratio of 3:2 (Fig. 1). With an increase in the MA treatment
duration, the phase composition of the mixture gradually
changes, namely, the reflections of the CGr graphite, TiH2
titanium hydride and «Ti disappear but after 8 h of
exposure, new reflections appear on the diffraction
patterns of test samples, the intensity of which gradually
increases (in Fig. 1, these reflections are marked as red
stars). It should also be noted that the presence of ZrO2
oxide, which is the material of the reaction zone of the
planetary mill, was recorded in the test samples that
underwent long-term MA treatment.
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Fig. 1 - Fragments of diffraction patterns of the Tipr.«—VN-C
blend: initial and after processing in a planetary mill.
Reflection of VN are marked as @, of TiH: as A, of a-Ti as A,
of Car as @ and (Ti, V)(C, N) as *
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The calculations show that the main phase
components of the test samples are VN and TiHz, which
undergo  certain  structural changes  during
mechanochemical processing. First of all, this concerns
variations in the crystal lattice parameters of these
phases (Fig. 2).
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Fig. 2 — Dependences of lattice parameters of VN nitride (a)
and TiH: hydride (b) present in the Tipr4+—VN-C blend after
their processing in a planetary mill. Data obtained in this work
are marked as red circle (PM mill) and data obtained earlier
[14] are marked as blue circle (HEPM mill)

In addition, it was found that at the beginning of the
process of mechanical alloying of the Tipr.4+—VN-Coa:
blend (up to 4 h) the crystal structure of VN vanadium
nitride gradually accumulates vacancies in the position
occupied by vanadium atoms (Table 2). However, after
4 h of treatment, these vacancies are gradually filled by
titanium atoms. The nature of the change in the total
number of available atomic vacancies in the VN lattice
is presented on Fig. 3a.
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Fig. 3 — Dependences of atomic vacancies in VN nitride (a) and
additional vanadium atoms in TiH: hydride present in the
Tipr.4—VN-Ca: blend after their processing in a planetary mill.
Data obtained in this work are marked as red circle (PM mill)
and data obtained earlier [14] are marked as blue circle
(HEPM mill)

The crystal structure of the TiHz hydride undergoes
more complex transformations. Thus, if at the
beginning of the MA synthesis this phase still retains a
cubic structure of the CaFsz type, then after 2 hours of
treatment it is internally deformed and can be
described within the framework of the rhombohedral
model. In this case external deformation of the
structure is practically absent, due to which the lattice
parameters of TiHz can be given in cubic syngony (Fig.
2b). That is why in the work the lattice parameters of
TiH2 will be given in the cubic aspect.

According to the calculations carried out within the
framework of the model proposed by us in [14] (Table
1), at the beginning of the MA treatment process, half
of the tetrahedral pores of the TiH2 hydride gradually
lose hydrogen atoms and are filled with carbon atoms,
while the other half of the tetrahedral pores, displacing
hydrogen atoms, are partially filled with vanadium
atoms, due to which these pores are somewhat
deformed. The nature of the accumulation of vanadium
and carbon atoms in the TiHz2 structure is illustrated in
Fig. 3b and Fig. 4.
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Fig. 4 - Dependences of additional carbon atoms in TiH:
hydride present in the Tipr.ae—VN-Car blend after their
processing in a planetary ball mill. Data obtained in this work
are marked as red circle (PM mill) and data obtained earlier
[14] are marked as blue circle (HEPM mill)

01002-3



N.M. BELYAVINA, V.V. KURYLIUK ET AL.

J. NANO- ELECTRON. PHYS. 18, 01002 (2026)

Table 2 — Crystal data for VN nitride and TiH2 hydride present in the Tipr.+—VN-Ca: blend after its processing in a planetary mill

(4 hour of treatment)

Atom | Site | Site occ. | x | y | z

VN nitride (NaCl-type structure)

Vb 4a 0.827(4) 0 0 0

N 4b 1.000 0.5 0.5 0.5
Space group F-43m (no.216)

Lattice parameters, a nm 0.41122(8)

Total isotropic B factor, nm? B =3.04(3) 102

Phase Vo.ssN

Reliability factor Rp=0.02

Atom | Site | Site occ. x | y | z

TiH2 hydride (rhombohedrically distorted CaF2-type structure)

Ti 3a 1.00(1) 0 0 0

\Y 3a 0.36(1) 0 0 0.328(2)
H®@) 3a 0.64(1) 0 0 0.328(2)
H(2) 3a 0.89(1) 0 0 0.666(2)
C 3a 0.11(2) 0 0 0.666(2)

Space group

R3m (no. 160)

Lattice parameters, a, ¢, nm

a=0,3135(2); ¢ = 0,7681(3);

Total isotropic B factor, nm?

B=2.61(3)102

Calculated phase content, at. %

TiVo.36H1.51C0.11

Reliability factor?

Rp=0.04

Taking into account the results of XRD calculations,
the process of vacancy formation in the VN structure and
the process of accumulation of additional vanadium and
carbon atoms in the TiHz structure gradually stabilize
after 4 hours of MA (Figs. 3, 4). After that, according to
the phase analysis study, the TiHz and o-Ti phases
gradually disappear, and instead a new phase is formed,
the diffraction reflections of which are well indexed in the
cubic lattice with a = 0.4220 nm (in Fig. 1 this phase is
marked as ).

3.2 SEM and EDS Analysis

In order to determine the elemental composition of
the phases present in the Tipr.4—VN-Car mixture
processed in a planetary ball mill for 16 h, electron
microscopy study has performed.

SEM image of the powder obtained shows a mixture
of a large number of small grains (size of 1-2 pm) with
the inclusion of individual large grains (up to 25 pum)
(Fig. 5). According to the XRD studies, the coherent
scattering blocks size is ~ 20 nm.

The EDS analysis data, obtained from different
areas of the MA Tiprs—VN-Car mixture, showed the
presence of the grains of two different compositions,
namely, vanadium-enriched grains (Grain 1 in Fig. 5)
and grains with a parity content of titanium and
vanadium (Grain 2 in Fig. 5). In addition, there are a
small number of fine grains with a high titanium
content (apparently, residues of solid solutions based on
TiHz2 and «-Ti phases). It should also be noted that the
uncertainty of EDS data for carbon and nitrogen is
significantly lower than for metals, since the efficiency
of the EDS detector in registering quanta with an
energy below 1 KeV is limited.

In general, summarizing the XRD and EDS analysis
data, it can be stated that as a result of MA processing
of the Tipr.4+—VN-Cgr mixture in a planetary ball mill,
two solid solutions were formed, namely, ~ Vo.66T10.33N

with @ = 0.41230(6) nm and Tio.25Vo.25Co0.25No.25 (or
TiVCN) with a = 0.4220(1) nm.

The spectra (Fig. 4, 5) calculated illustrate the
change in DOS of TiC and VN phases, which occurs
when those phases accumulate maximal number of
structural defects in the form of vacancies (after 3-6 h
of MA), and during the subsequent formation of mutual

The formation of a similar additional asymmetric
peak, which in the highest occupied state exists slightly
above the Fermi level, was shown by the authors of Ref.
[12] when studying the electronic structure of ScMeN2
polynitrides (Me-V, Nb, Ta) in the initial state and in
the presence of defects in the form of vacancies and
atoms C, O, F embedded in the lattice. According to the
authors of [12], such a local maximum of the DOS near
the Fermi level often correlates to a first approximation
with the degree of structural instability, since the
formation of a vacancy corresponds to the separation
between the binding and anti-binding states of the
compound.

4. DISCUSSION

Since the results of XRD studies of the test samples,
obtained after a certain time of mechanochemical
processing of the charge, provide information about the
kinetics of the interaction of the phases present, it was
of interest to compare the data of this work on MA
treatment of the Tipr.«—VN-C mixture with the data of
our previous work [14] on MA treatment of a similar
composition mixture. However, these experiments were
carried out, first, in different ball mills (conventionally
designated as PM and HEPM), second, under different
processing modes (Table 1), and in addition, graphite
(Car) was used as the carbon component of the charge
in this work, while graphite (Car) or/and carbon
nanotubes (CNT) were used in the previous work [14]
(the graphs in Fig. 2-4 show the averaged data [14] for
three Tipr.4—VN-Car, Tipr.s—VN-CNT and
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Tipr.4—VN-(CertCNT)) mixtures). It is clearly seen that
the kinetic curves presented in Fig. 2-4 are practically
identical and show that the mechanochemical synthesis
occurs in two stages, each of which is dominated by
different interaction mechanisms.

At the first stage of mechanochemical synthesis (up
to 5 h of processing), as a result of the applied shock
load, part of the vanadium atoms leaves the crystal
structure of VN nitride with the formation of individual
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Ti 12.53
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vanadium clusters in the reaction zone of the mill. This
process is accompanied by the accumulation of
vacancies in VN (Fig. 3a) while most of the vanadium
clusters formed (probably in the form of ions) are
embedded in the tetrahedral voids of the
rhombohedrically distorted TiH:2 structure which are
released during its dehydrogenation (Fig. 3b). At the
same stage, the process of filling the released voids of
the TiHz structure with carbon atoms begins (Fig. 4).

-
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Fig. 5 - SEM image and EDS spectra for Tipr..—VN-C powder after 16 h processing in planetary ball mill
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At the end of the first stage of MA, the TiH:
dehydration and transformation of becomes more
balanced (the number of embedded vanadium atoms
does not change (Fig. 3b)), and therefore, at the second
stage of synthesis (after 5 h of MA), in our opinion, the
process of immersion of titanium clusters formed during
partial decomposition of &-Ti into the crystal lattice of
VN prevails, which leads to a significant decrease of
vacancies fraction in it (Fig. 3a) and to the lattice
parameter increasing (Fig. 2a).

In the course of the experiments, it was shown that
the interaction of TiHz with VN and carbon leads to the
formation of a compound with the composition
~ TiVo.33Ho.66Co.22 [14] after 5 h of MA processing, which
subsequently begins to decompose (Fig. 1). In turn, VN
nitride accumulates a certain fraction of titanium
atoms with the formation of Vo.7Ti0.33N solid solution
These data fully correspond: firstly, to the data of the
authors of [19], who synthesized a Vo.75Ti0.25No.s7 solid
solution by a mechanochemical method in a nitrogen
environment from pure metals (titanium and
vanadium); and secondly, to our data [20] present
results of MA synthesis of a Vo.75T10.25N1.6 solid solution
from VN and TiN nitrides (however, in this synthesis,
the solid solution was significantly oversaturated with
nitrogen).

In this work, the MA of the Tirr.«—VN-C charge was
prolonged to 16 hour, which led to the formation of a
multicomponent equiatomic (Ti,V)(C,N) solid solution,
the composition of which was determined by the EDS
method. Previously, using the MA Tipr.s—VN-C mixture
[14], a similar solid solution in the form of single-phase
compact sample was synthesized by us under high
pressures and temperatures sintering (HPHT method,
7.7 GPa, 2150 °C) [12].

Hence, it is obvious that extreme loads and
deformations that occur during the MA cause a high
degree of structural instability of the phases [21] and
lead to close contact between grains, activating the flow
of diffusion processes. All this stimulates the process of

REFERENCES

1. B. Mazumder, A.L. Hector, JJ. Mater. Chem. 19 No 27, 4673
(2009).

2. Transition Metal Carbides and Nitrides (Ed. by L. Toth)
(Elsevier: 2014).

3. S.A. Rasaki, B. Zhang, K. Anbalgam, T. Thomas, M. Yang,
Prog. Solid State Chem. 50, 1 (2018).

4. M. Mhadhbi, M. Driss, /. Brill. Eng. 2, 1 (2021).

5. K.V. Slipchenko, I.A. Petrusha, V.Z. Turkevich, D.A.
Stratiichuk, V.M. Slipchenko, N.M. Bilyavina, J.E. Stahl,
Metallofiz. Nov. Tekhnol. 41 No 12, 1599 (2019).

6. K. Slipchenko, V. Bushlya, D. Stratiichuk, I. Petrusha,
A. Can, V. Turkevich, F. Lenrick, J. Eur. Ceram. Soc. 42
No 11, 4513 (2022).

7. A. Aramian, Z. Sadeghian, M. Narimani, N. Razavi, F. Berto,
Int. J. Refract. Met. Hard Mater. 115, 106320 (2023).

8. A.P. Serro, C. Completo, R. Colago, F. Dos Santos, C.L. Da
Silva, J.M.S. Cabral, B. Saramago, Surf. Coat. Technol.
203, No 24, 3701 (2009).

9. M. Madej, K. Piotrowska, Coatings 14, No. 6, 775 (2024).

10. J. Bautista-Ruiz, A. Elhadad, W. Aperador, Mater. Chem.
Phys. 326, 129856 (2024).

11. N.M. Belyavina, V.V. Kuryliuk, AM. Kuryliuk, D.A.
Stratiichuk, S.P. Starik, O.I. Nakonechna, Mater. Adv. 6,

J. NANO- ELECTRON. PHYS. 18, 01002 (2026)

cold sintering and creates conditions for further solid
solutions formation. However, given the participation of
nitrogen in the diffusion processes, to complete the
process of formation of (Ti, V)(C, N) solid solution and
achieve its full densification, in our opinion, is possible
only during the sintering of the MA-treated mixture at
high temperatures.

5. CONCLUSIONS

A detailed XRD study of the test samples selected
after every 2 hours of mechanochemical processing in a
planetary ball mill of the Tipr.«—VN-Car mixture was
carried out. In this case initial mixture contains VN
vanadium nitride, Ccr graphite, and also industrial
titanium of the PT-4 grade (a mixture of TiHz and o-T1i).

The nature of interaction between the phases
existing in the MA treated Tiprr.s+—VN- Car mixture was
determined based on the results of the refinement of the
crystal structure of the VN nitride and TiHs hydride
present in selected test sample.

It is shown that 16-hour mechanochemical
processing of the Tipr.«—VN-Car mixture leads to the
formation of Vo.e7Tio.33N solid solution based on VN
nitride and to the formation of a (Ti, V)(C, N) solid
solution, which is a product of the reactive interaction
of the charge components.

The final products of mechanochemical synthesis
obtained in the work will be subjected to sintering by
the reactive hot pressing method (RHP method) to
determine the stability of the solid solution formed, as
well as to study the properties of the manufactured
compacts and the prospects for their use for applying
protective biomedical coatings.
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@®opmyBaHHsd 0araTokoMnoHeHTHOro teepaoro po3uuny (Ti, V)(C, N) muraxom
MexaHOoXiMiuHoOro cuuredy mopomkoBoi cymimri Tipr4—VN-Car

H.M. Binasuual, B.B. Kypumok!, M.II. Cemennxo!, A.M. Kypumok!, C.II Crapux23

1 Kuiscoruli nayionanvruli yHigepcumem imeni Tapaca Illesuenka, 01601 Kuis, Ykpaina
2 Inemumym naomeepoux mamepianie im. B. M. Baxyns HAH Yrkpainu, 04074 Kuis, Ykpaina
3 ITnemumym npobnem mamepianosuascmea im. I. M. @panuesuvwa HAH Yrpainu, 03142 Kuis, Yrkpaina

IIpoBemeno moksagHe PEHTTEHIBCHKE TOCIIKEHH (ha3oBOro CKJIAIy TECTOBUX P00, BIMIOpaHUX depes
KOKHI 2 TOOMHYU MeXaHOXIMIYHOI 06po0ku y mranerapHomy muuHi cymimn Tinrs-VN-C 3a yuacrio HiTpmmy
BaHamiio VN, rpadity C, a Takox IIOpPOILy MpOMUCIOBOrO TutaHy Mapku I1T-4, axwuit aBiisie co00w0 CyMiImn
rigpuny turany TiH: ta «-Ti B cmiBBigHomenHi 3:2. B pe3ynbraTi yTOYHEHHS KPUCTATIYHHX CTPYKTYD
ocuoBHHUX (azoux criaanoBux VN rta TiH: wmaseHux B 00pobieHux cywimiax, HOKa3aHo, IO 3a dYac
IIpOBeIeHHs ekcrepuMenTy (16 roa 06poOKM) B3aeMoIisa MiK KOMIOHEHTAMHE IITUXTHU IIPOXOJUTDH B IBA €TAIIH.
A came, Ha TepIIoMy eTarri cuHTe3y (10 5 1o 06po0KM) JoMiHye mpoliec POPMyBAHHS BakaHCiy B HiTpumi VN
3 IIOJAJIBIIINM 3aHYPEHHSIM aTOMIB BAHAII0, SIKl IIPX I[LOMY BUBLJIBHUCS, 10 TETPAEIPUYHUX IIOP CTPYKTYPHU
TiHs. Ha mpomy :x erami BimOyBaeThbea B3aemomisa rimpumy tataHy TiHs 3 Byryemem, sika B CyKyITHOCTI i3
B3a€EMOJII€I0 3 BAHAJIEM IIPU3BOIAUTE JI0 YTBOPEeHHS crosyku ckiaany ~ TiVossHoesCoz2, ska mpm momasibinoi
00poOIIi IMoUrHAE IIOCTYIOBe poamamatucsa. Ha apyromy erami mexaHoxiMmidaoro cuHTedy (5-16 rom o6po0Km)
BIIOyBaeThbCA 3aHYPEHHS [0 CTPYKTYpPH HiTpuay VN aToMiB THTaHy, AKI yTBOPIOIOTHCSI B pPe3yJIbTaTl
py¥iHyBaHHS cTpyKTypu Ti, a Taroxk dhopMyBaHHSI MyJIbTIKOMIOHEHTHOTO TBepzoro po3uuny (Ti, V)(C, N). I3
sacrocyBanasam meromiB XRD, SEM ta EDS aumasnisis nmokasamo, 1mo ¢piHaJIBHUN IPOJAYKT MEXaHOXIMIYHOTO
CHHTe3y MICTUTB OJHAKOBY KIIBKICTH TBepAoro po3unHy Vo.e7T10.33No.9os Ha 0a3i Hirpuay VN Ta eKBIaTOMHOIO
tBepmoro posuuny (Ti, V)(C, N), dopmyBanns sxoro B mpolieci MexaHOXIMIYHOrO 00poOku 3adikcoBaHO
sreprie. [Ipu anmasmisi kKigeTwku B3aemomii KommoHeHTIB mmxTH Tinrs-VN-C moxasano, 1o ekcrpeMasbHi
yIaapHi HaBaHTAKEHH Ta Jed)opMaliii, ikl BAHUKAOTh B mporteci MX crHTe3y, BUKJIUKAIOTH BUCOKUIM CTYITIHE
CTPYKTYPHOI HecTablIbHOCTI ha3 Ta MPU3BOAATE 0 TICHOTO KOHTAKTY MIiK 3ePHAMHA, AKTUBYIOUH ITPOTIKAHHS
nudy3ifHuX mpolecie. Bee 1ie B CYKYIIHOCTI CTUMYJIIOE IIPOIIEC XOJIOTHOTO CIIIKAHHS Ta CTBOPIOE IIEPEIMOBA
TSI TIOHAJIBIIOT0 (DOpMYyBaHHS TBepaux po3umHiB. [Ipore 3Baskaroum Ha ydyacTh B AMQY3IMHUX IIpoliecax
aTOMIB a30Ty, 3aBepHmuTh Ipoiec dopmyBanus TBepmoro posuuHy (Ti, V)(C, N) Ta mocarmyTtu ioro moBHe
VIIUIFHEHHS MOYKJINBE JIUIIe i yac cmkadaus MX 00pobseHol CyMilln IIpyu BUCOKUX TeMIIepaTypax.

KmiouoBi cmosa: Mexanoximiunuii cunres, Kap6im, Hirpmn, Kpucramiuwma crpykrypa, EmexrponHa
CTPYKTypA.
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