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Mechanical Alloying of Equimolar TiC—VN and TiN—VN Blends
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The investigation of step-by-step sampled products of mechanical alloying
(MA) of two equimolar mixtures of TiC—VN and TiN-VN sintered with high-
energy ball mill is conducted implicating number of methods of x-ray diffrac-
tometry (x-ray phase analysis, x-ray structural analysis, investigation of
crystallite sizes and microstresses in the crystal lattice, etc.). As shown, the
crystal structures of VN, TiN, and TiC undergo significant structural trans-
formations during MA treatment. Specifically, part of the vanadium or tita-
nium atoms migrate from their localization to tetrahedral pores under the
impact load and part of those atoms leave their positions in the lattice and
form separate clusters in the reaction zone of the milled powder. These pro-
cesses lead to substantial accumulation of crystallographic point defects in
phase structures presented by vacancies in metal sublattices of VN, TiN, TiC
and substitutional atoms of vanadium or titanium in the crystal lattice.
Overall, the increase of the portion of mentioned point defects is accompa-
nied by the increase of microstresses in phases. Substantial portion of accu-
mulated vacancies and some fraction of the vanadium- and titanium-atoms’
clusters formed in the reaction zone of the milled powder create precondi-
tions for further formation of mutual solid substitutional alloys. As shown,
the impact of the MA treatment is decreased in the VN — TiN — TiC series
that can be explained with such phase characteristics as dissociation energy,
elasticity modulus, and thermal conductivity. The MA-activated dispersed
(crystallite size up to 20 nm) powder mixture of TiC—VN acquired in the work
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may be recommended as alloying additive for medical titanium composites to
increase the functional characteristics.

Key words: mechanical alloying, carbide, nitride, crystal structure, x-ray
diffraction.

3 BUKODPUCTAHHAM KOMILIEKCY MeToniB PeHTreHoBoi pudparTomerpii
(PentrenoBoi (aszoBoi amajisu, peHTI€HOCTPYKTYPHOI aHaisdW, BU3HAUCHHS
po3MipiB KpHCTANITIiB i MiKpOHANIPYKEeHb y KPUCTAJIUHIN I'PATHUIIL TOIIO)
IIPOBEJIEHO JOCTiMKeHHs IIOKPOKOBO BiliOpaHMX MPOAYKTIB MexXaHOXeMiuHOI
(MX) cuHTe3Uu yV BUCOKOEHEPTeTUYHOMY IIJIaHEeTAPHOMY MJINHI JBOX eKBiMOJIsa-
paux cymimteit TiC—VN i TiN-VN. B pesyasrari mokasaso, mo B xoxi MX-
00pob6senHA KpucTtaniuui ctpykTypu VN-, TiN- i TiC-das 3a3HaioTh icTOTHUX
CTPYKTYPHUX IIEPETBOPEHD, a caMe, IiJ Ai€i0 yJapHOro HaBaHTAYKEHHS B CTPY-
KTypax ¢as uacTuHa aromiB Bamamiio uu To Turany mepemimiyerbes 3i cBoix
MOJIOXKEHb Y TeTpaeApUYHi MOPH, a YaCTHHA 3a3HAUYEHUX aTOMIiB 3aJIUIIIAE Bif-
moBigHiI r'paTHUNi 3 POPpMYyBaHHAM OKPeMUX KJacTepiB y peakiiiiniil soni
mauHa. I1i mpoliecu BeAyTh 10 iCTOTHOTO HAKOMMUEHHS B CTPYKTypax das Tou-
KoBUX He(eKTiB y BUIIAAI BakaHciii y MetasieBux migrpatuuiax VN, TiN,
TiC i1 y Buraaai sanypenux y Kpucraiiudi rpaTauili aromis Tutany uu To Ba-
Hafgio. 30iIbIITeHHA JOJIi 3a3HaUeHNX TOUKOBUX Ae(eKTiB CYIIPOBOMKYETHCS
30iybIIeHHAM y (azaxX MiKpOHAIPY:KeHb. B 1ioMy HasgBHicTL BeJauKOi moJi
HaAKOMMMYEeHUX BaKaHCill i meBHOI MoJi KJyiactepiB aromiB Bananio Ta Turany,
chopMOBaHUX y PeaKIifiHill 30HI MJIMHA, CTBOPIOE IEPEIYMOBU AJIA IIOAAJH-
IIIOT0 YTBOPEHHA B3a€EMHUX TBepAUX pPo3uuHiB 3amimenHsa. IlokaszaHo, 110
cTymiab BIinBy MX-00pobseHHs sMeHIyeTbed B pAxy VN — TiN — TiC, mro
IiJTKOM MOACHIOETHCA TAKMMHU XapaKTePUCTUKAMU MUX (a3 AK BeJIUUYNHA eHe-
prii gumcomiArmii, MOAYyJab HNPYKHOCTH Ta BEJIUYMHA TEPMIUHOI IIPOBiZHOCTH.
Opepsxana B poboti MX-akTuBOBaHA ApiOHOAMCIIEPCHA (PO3Mip KPUCTATIITIiB —
1o 20 um) cymimt TiC—VN moke 6yTH peKOMEHI0BAHOIO B AKOCTI JieT'yBaJIbHOI
I00aBKY [JIA MOJINIIIeHHA QYHKIIOHAJIFHUX XapaKTEPUCTUK CTOIiB MeIUUHO-
O TUTAHY.

Karouosi c1oBa: MexaHoxeMiuHa cHHTe3a, KapOil, HITpuI, KpuCTaJIiuHa
CTPYKTypa, Peurrernona nudpakriis.
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1. INTRODUCTION

Transition metal compounds such as VN and TiN nitrides as well as TiC
carbide belong to the class of hard refractory metal materials accord-
ing to their promising physical and chemical properties. Their high
melting points, ultra-high hardness, outstanding electrical and thermal
conductivity, optical properties and superior chemical stability made
these compounds implemented in many applications, especially in elec-
trochemical devices, environmental remediation, gas sensing, photoca-
talysis, applied ceramics, and medicine [1-5]. In particular, TiN, VN
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nitrides and TiC carbide have found their successful application as indi-
vidual additives to improve the functional properties of ceramics [6—
10], as well as titanium alloys used for medical applications[11, 12].

PcBN ceramics (60% vol. of ¢BN nitride) with binders containing
well-known TiC and TiN phases combined with VN nitride [13, 14] re-
vealed the superior performance in mechanical properties. The proper-
ties of these materials was shown to be improved to an extent, it was
credited to the existence of solid solutions formed in the TiC-VN and
TiN-VN binders during the HPHT (high pressure, high temperature)
sintering process (7.7 GPa, 1900-2350°C). More specifically, under
certain HPHT sintering modes (Ti, V)(C, N) and (V, Ti)(N, C) mutual sol-
id solutions form in the cBN-TiC—VN-Al composite (ratio in % vol. as
60:17.5:17.5:5) [15] as well as (Ti, V)N and (V, Ti)N mutual solid solu-
tions form in the cBN-TiC—VN-AI composite (60:17.5:17.5:5)[16].

Mechanical alloying (MA) is one of the effective methods of synthe-
sis, which can additionally provide the formation of solid solutions,
moreover, in the nanocrystalline state. The study of the TiN and VN
nitrides interaction, which occur at mechanical alloying of the equimo-
lar TiN-VN mixture in a planetary mill, reveals the formation of the
(Ti, V)N and (V, Ti)N mutual solid solutions, as it occurs during HPHT
sintering of this mixture [16]. The mutual solid solutions forming un-
der mechanical alloying of TiC—ZrC mixtures were studied in [17, 18]

The purpose of this work is detailed study of the kinetics of interac-
tion of VN nitride with TiN nitride or with TiC carbide during mechan-
ical alloying of the equimolar TiC—VN and TiN—-VN mixtures in a high-
energy planetary mill.

2. EXPERIMENTAL/THEORETICAL DETAILS

Two equimolar TiC—VN and TiN-VN mixtures of starting powders
containing VN and TiN or TiC were placed into two steel vials for fur-
ther ball milling in a high-energy planetary mill. Steel balls (diameter
of 10 mm) were used for the milling with the balls to powder mass ratio
of 20:1. The regime was chosen as 10 min of treatment and 20 min of
cooling. The temperature of the working area in the reaction zone did
not exceed 100°C during experiment; the ball-mill rotation speed was
1400 rpm.

Phase transformations in TiC—VN and TiN-VN mixtures processed
have been studied by x-ray diffraction methods on the test samples se-
lected after every 60 min of milling. XRD data was collected with
OPOH-3M automatic diffractometers (CuK, radiation) in a discrete
mode under the following scanning parameters: observation range
20 =20°-100°, step scan of 0.05° and counting time per step at 3 s. The
original software package [15], including full complex of standard
Rietveld procedures, has been used for analysis and interpretation of
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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; carrying out qualitative and quantita-
tive phase analysis using the least square method for lattice parame-
ters refinement; testing of the structure models proposed and refining
crystal structure parameters (including coordinates of atoms, atomic
position filling, texture, etc.); calculation of the parameters of the real
structure of the individual phases (coherent block sizes and microde-
formation values).

3. RESULTS AND DISCUSSION

The results of the XRD phase analysis reveal that the test samples of
both TiC-VN and TiN-VN mixes contain initial VN and TiC or TiN
phases with a small amount of steel ball material contamination in the
final products (Fig. 1). However, the lattice parameters of these phases
differ from those in the initial blends (Table 1). The characterization of
changes in lattice parameters during MA treatment (a(t) values) was
controlled by the relative value of their distortions, which were calcu-
lated according to the formula: €[% ]=100(a:— ao)/ao, where a; is the
value of the lattice parameter at a certain ¢ milling time, and ao is in
the initial mixture (Table 1, Fig. 2). It can be seen that the crystal lat-
tice distortions of TiN and VN nitrides are much greater than those
ones of TiC carbide.

To clarify the causes of changes in ¢ values (Fig. 2), first the refine-
ment of the crystal structures of TiC, TiN and VN phases within the
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Fig. 1. Diffraction patterns of the TiC—VN and TiN-VN equimolar blends af-
ter 5 hours of treatment in a planetary mill.
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TABLE 1. Parameters, distortions and microdeformations of the lattices of
the TiC, TiN and TiC phases. It is impossible to determine the value of micro-
deformation of the lattices of nitrides existing in the TiN—VN blend due to the
reflections overlap of these phases (Fig. 1).

l\ﬁg Lattice pa- 'Lattiée 1(\1/Ie1§(1)~: Lattice pa- 'Lattic'e 1(\1/[;;53
time rameter a, dlStO(I)‘thIl mation rameter a, dlstogtlon mation
t,h nm & % Ad/d, % nm & % Ad/d, %
TiC—VN blend

TiC carbide VN nitride
0 0.43252(3) 0 0 0.41251(6) 0 0
1 0.43246(3) -0.0139 0.13(1) 0.41197(6) -0.1302 0.20(4)
2 0.43242(4) -0.0231 0.15(2) 0.41142(7) -0.2642 0.40(5)
3 0.43240(6) -0.0277 0.14(2)  0.41089(9) -0.3927 0.46(8)
4 0.43266(9) 0.0324 0.12(1) 0.4112(1) -0.3176 0.39(4)
5 0.43271(9) 0.0439 0.00(2) 0.4116(1) -0.2254 0.25(2)

TiN-VN blend

TiN nitride VN nitride
0 0.42440(5) 0 - 0.41251(6) 0 -
1 0.42401(8) -0.0919 - 0.41230(9) —-0.0509 -
2 0.42293(9) -0.3464 - 0.41207(9) -0.1067 -
3 0.4221(1) -0.5419 - 0.4117(1) -0.2061 -
4 0.4218(1) -0.6126 - 0.4120(1) -0.1139 -
5 0.4215(1) -0.6833 - 0.4135(1) 0.2400 -

NaCl type structure model (space group Fm3m (No. 225)) has been
conducted: 4Tior4Vin4a000;4 N or4 C atomsin 46 0.50.50.5. As
a result of these calculations, it was shown that the 4a position, which
is occupied by metal atoms, becomes vacant at almost complete filling
of the 4b position with nitrogen or carbon atoms. However, the reliabil-
ity factor Rs exceeded the value of 0.03.

To improve the value of the Rp factor, several structural models
have been proposed and tested for the TiC, TiN, VN phases existing in
MA treated TiC—VN and TiN-VN mixtures. The best correlation be-
tween the calculated and experimental intensities values of the dif-
fraction pattern reflections were obtained for the models presented in
Table 2 (R < 0.01).

The obtained results (Table 2) indicate that the crystal structure of
the VN nitride undergoes certain transformations during the MA pro-
cessing. More specifically, some vanadium atoms leave the metal sub-
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Fig. 2. Distortion of the crystal lattices of TiC, TiN and VN phases during MA
treatments of TiC—VN blend (a) and TiN—VN blend () in a planetary mill.

lattice, which accommodates the V(1) atoms and the available Vac V(1)
vacancies (position 4a). One part of the displaced atoms is located in
the tetrahedral pores of the VN nitride lattice (V(2) atoms in the 4e po-
sition), and the second part of these atoms leaves the VN nitride with
the formation of separate vanadium clusters in the reaction zone. Fig-
ure 3, a illustrates the transformation of the crystal structure of the
VN nitride during the MA treatment. As it can be seen on Fig. 3, a, the
main vanadium atoms in the VN nitride are surrounded by 6 nitrogen
atoms at a distance of 0.206 nm (1 octahedron), and the distance of a
possible migration of a vanadium atom into a tetrahedral pore (3 tetra-
hedron) is 0.180 nm (the arrow in Fig. 3, a), respectively.

Similar migrations caused by MA treatment are also characteristic
of titanium atoms in TiN nitride and TiC carbide (Fig. 3, b). However,
unlike to the cubic structure of VN, the best result was obtained for the
model of the rhombohedral structure (presentation of the structures of
TiN and TiC along their body diagonal, Table 2), in which the tetrahe-
dral pore (tetrahedron 3-Ti(2)Ti(1)s) becomes deformed, and the mi-
gration distances of titanium atoms vary from ~0.18 nm (three posi-
tions) to ~ 0.24 nm (one position).

Obviously, the difference in the possible positions, intended for
placement of the vanadium atoms (regular tetrahedron 3-V(2)V(1)4) or
titanium atoms (a triangle 3-Ti(2)Ti(1)s, in fact), results from the pe-
culiarities of directionality atomic bonds in vanadium or titanium.

According to the results of crystal-structure refinement, which was
carried out within the framework of the proposed models (Table 2), it
was determined the quantitative content of titanium or vanadium both
in the metal sublattice of the structures (positions 3a and 4a) and in
the tetrahedral pores where these atoms migrated under the shock
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load. The data obtained in this manner for TiC and VN phases that ex-
ist in the MA treated TiC—VN blend are presented in Fig. 4. It should
be noted that analogical plots for the phases that exist in the MA treat-
ed TiN-VN blend are of the same kind. The total metal content in each
of the VN, TiN, and TiC phases is presented in Fig. 5.

A detailed XRD study of the crystal structures of the VN, TiN, TiC
phases, which exist in the step-by-step milled products, revealed cer-
tain tendencies in the kinetics of mechanochemical synthesis of
equimolar TiC—VN and TiN-VN mixtures under MA processing in a
planetary mill, as well as in the nature of the interaction of the phases
existing in these blends.

Moreover, accumulation of defects in the metal sublattices of TiC,
TiN, VN phases occurs mainly in the first stage of MA processing (up

TABLE 2. Crystal structure data for VN and TiC or TiN phases existing in
TiC—VN and TiN-VN blends treated for 5 h in planetary mill.

TiC carbide in TiC—VN blend

Atom Position Occupation X Y Z

Ti(1) 3a 0.778(1) 0 0 0
Ti(2) 3a 0.222(1) 0 0 0.368(1)

C 3a 1.000(1) 0 0 0.5
Vac in Ti(1) 3a -0.028(2) 0 0 0
Space group R3m (No. 160)
Lattice parameters a, ¢ nm 0.3057(2), 0.7482(2)
Total isotropic B factor, nm? 2.56(8)-1072
Calculated content, at.% 49.3Ti+50.7TN
Reliability factor Rp=0.008
VN nitride in TiC—VN blend
Atom Position Occupation X Y Z
V(1) 4a 0.980(2) 0 0 0
V(2) 4e 0.020(2) 0.25 0.25 0.25
N 4b 1.000(1) 0.5 0.5 0.5
Vacin V(1) 4a —-0.126(4) 0 0 0
Space group F-43m (No. 216)
Lattice parameter a nm 0.4116(1)
Total isotropic B factor, nm? 3.69(1):102
Calculated content, at.% 47.0V+53.0N

Reliability factor Rz=0.004
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Continuation Table 2.

TiN nitride in TiN-VN blend

Atom Position Occupation X Y Z
Ti(1) 3a 0.783(1) 0 0 0
Ti(2) 3a 0.217(1) 0 0 0.356(1)
N 3a 1.000(1) 0 0 0.5
Vac in Ti(1) 3a -0.034(2) 0 0 0
Space group R3m (No. 160)
Lattice parameters a, c nm 0.2983(1), 0.7313(2)
Total isotropic B factor, nm? 2.25(3)-1072
Calculated content, at.% 49.1Ti+50.9N
Reliability factor Rz=0.008
VN nitride in TiN-VN blend
Atom Position Occupation X Y Z
V(1) 4a 0.955(2) 0 0 0
V(2) 4e 0.045(2) 0.25 0.25 0.25
N 4b 1.000(1) 0.5 0.5 0.5
Vac in V(1) 4a -0.227(4) 0 0 0
Space group F-43m (No. 216)
Lattice parameter a, nm 0.4135(2)
Total isotropic B factor, nm? 2.55(1)-1072
Calculated content, at.% 43.6 V+56.4N
Reliability factor Rp=0.009

to 3 hours), as can be seen in Fig. 4. In this case, one part of the metal
atoms leaves the crystal lattice forming the atomic clusters in the reac-
tion zone of the milled powder, while the other part of the atoms mi-
grates into tetrahedral pores of the crystal structure. At the first stage
of milling, there is also a gradual increase in the microdeformation of
the crystal lattice, which correlates with an increase in its distortions
(Table 2, Fig. 5) as well as with an increase in the dislocation density (it
is impossible to determine the value of microdeformation of the lattic-
es of nitrides existing in the TiN—-VN blend due to the reflections over-
lap of these phases (Fig. 1)).

After 3 hours of milling of TiC—VN and TiN-VN mixtures in a plan-
etary mill, the process of active migration of vanadium atoms into tet-
rahedral pores of VN stops, at the same time the process of migration
of titanium atoms into tetrahedral pores of TiC and TiN slows down
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Fig. 3. Arrangement of the atoms in the structures of the phases that exist in
TiC—VN and TiN-VN mixtures treated in a planetary mill for 5 hours: VN
nitride (a), TiN nitride or TiC carbide (b). Atoms marked as follow: metal at-
oms are large black circles, nitrogen or carbon atoms are medium-coloured
circles, and metal atoms jumped from the main position are small light grey
circles. Polyhedra: 1—Me(1)Ns or 1—Ti(1)Cs, 2—Me(1)Me(2)s, 33—
Me(2)Me(1),.

(Fig. 4). This causes a decrease in the deformation of the crystal lattic-
es of TiN, VN nitrides and TiC carbide (Fig. 6), although their lattice
parameters continue to change (Table 1, Fig. 2). In our opinion, this
may be caused by the beginning of processes wherein the available va-
cancies in the metal sublattices of these phases are filled with free at-
oms of titanium or vanadium that have entered the reaction zone of the
milled powder. Unfortunately, due to the closeness of the atomic scat-
tering functions of titanium and vanadium, it is impossible to deter-
mine correctly the amount of dissolved metal by XRD method. But the
formation of mutual solid solutions is evidenced by an increase in the
parameters of the VN lattices (the size of titanium atom is large than
vanadium one), as well as the decrease in the parameters of the TiC and
TiN lattices which goes on despite the decrease in the amount of vacan-
cies (Table 1, Fig. 4).

As it is known, the basis of mechanochemical synthesis is the me-
chanical processing of solid mixtures, during which grinding and plas-
tic deformation of substances occur. Under the effect of applied me-
chanical stresses, the process of formation of point defects is initiated
in the material, which leads to partial destruction of the crystal struc-
ture accompanied by creation of active centres for subsequent chemical



34 N.M.BILYAVINA, V. V.KURYLIUK, V. V. DIBROV, and A. M. KURYLIUK

20+ @Vacancies of Ti
OVacancies of V

151 A Moved Ti f e
{ AMoved V 074 T——(,

104 o/

J
(533
S

!
o,
<

/

°
Content of moved atoms, %

1
b
<

\

/b

e
=
S

]

\

Content of vacansies, %

Y A Ho
_5 1 T L3 T ] 1
0 1 2 3 4 5

Milling time, h

Fig. 4. Plots of dependences of the amount of available vacancies in the metal
sublattice of the TiC and VN phases existing in the MA treated TiC—VN mix-
ture (circles), as well as of the amount of atoms that have moved into the tet-
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reactions. These are the processes, which occur during the MA pro-
cessing of TiC—VN and TiN—VN blends in a high-energy planetary mill.
More specifically, they are as follow.

1. At the first stage of MA synthesis (up to 3 hours of processing),
there is an active accumulation of point defects, namely, an increase in
vacancies in the metal sublattice of crystal structure as well as an in-
crease in the number of atoms in its internodes (Fig. 4).
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Fig. 5. Dependence of the content of metals in the crystal structures of TiC,
TiN, VN phases on the MX processing time of TiC—VN and TiN-VN mixtures
in a planetary mill.
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TABLE 3. Some characteristics of the phases included in the TiC—VN and
TiN-VN charges.

Phase Meltingé‘ point T', | Dissociation energy 1}1'(())(11111111%;, cog;fgglety,
C Dy, kJ/mole GPa W /(m-K)
TiC 3260 1388 494 7
TiN 2930 1261 251 29
VN 2050 1197 210 60-120

At the same time, clusters of vanadium and titanium atoms appear
in the reaction zone of the milled powder, which have left the struc-
tures of the TiN and VN phases, as it evidenced by a shift in their com-
position (Fig. 5). Moreover, the process of forming titanium clusters
during MA treatment of the TiC—VN mixture is slower. The accumula-
tion of defects is accompanied by an increase in microstresses of crys-
tal lattices and by an increase in the dislocation density (Fig. 6).

2. At the second stage of MA synthesis (after 3 hours of processing),
the stress field created at the first stage as a result of the accumulation
of point defects is starting to gradually relax (Fig. 6). It is probably
due to a decrease in the number of atoms placing in the internodes (Fig.
4). Obviously, the interatomic bonds of these atoms in the structures
are somewhat weaker, which contributes to the mass transfer to the
reaction zone of the milled grains. The set of available factors (a high
proportion of vacancies in the metal sublattice of the phases, as well as
some proportion of the atomic clusters formed, Fig. 4) facilitate the
creation of active centres for the further formation of mutual solid so-
lutions. It is evidently illustrated by exceeding the lattice value of the
VN nitride over its value in the initial charge (Fig. 2, b).

3. The extent of exposure of mechanochemical processing on the VN
or TiN nitrides and on the TiC carbide, used in these experiments, is
fully explained by the characteristics of these phases given in Table 3.
Namely, the VN nitride was shown to be the most susceptible to MA
treatment (especially in the presence of TiN but not of TiC). It can be
explained by the increase in the values of the dissociation energy, melt-
ing temperature, and Young’s modulus as VN — TiN — TiC. It should
also be noted that the decrease in thermal conductivity as
VN — TiN — TiC also influences on the extent of exposure of the MA
synthesis process of TiC—VN and TiN—-VN blends.

4. CONCLUSIONS

Using a wide complex of XRD methods, the products of mechanochem-
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Fig. 6. Dependences of distortions and microdeformations of the crystal
structures of TiC (a) and VN (b) phases as well as dislocation density (c) on the
milling time of the TiC—VN mixture in a planetary mill.

ical processing of equimolar TiC—VN and TiN—-VN mixtures were stud-
ied systematically. Studies of the phase transformation kinetics were
performed and revealed the following.

1. The crystal structures of VN, TiN, TiC phases undergo certain
transformations during the MA processing. Under the impact load,
some vanadium or titanium atoms move into the tetrahedral pores of
the corresponding lattices, and some of these atoms leave the lattices
of nitrides or carbide forming the separate clusters in the reaction zone
of the powder.

2. Accumulation of the indicated point defects in the crystal lattices of
VN, TiN, TiC phases occurs abundantly at the first stage of MA pro-
cessing (up to 3 hours of treatment). This process is accompanied by a
gradual increase in microstresses values and an increase in the disloca-
tion density.

3. At the second stage of the MA process (after 3 hours of treatment),
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the stress field created at the first stage as a result of point-defects’
accumulation is gradually starting to relax. The presence of a large
proportion (share) of vacancies in the structures and a certain propor-
tion (share) of formed atomic clusters in the reaction zone of the pow-
der contribute to the creation of active centres for further formation
of mutual solid solutions on their basis.

4. The extent of exposure of mechanochemical processing on the VN,
TiN, TiC phases decreases in the series VN — TiN — TiC, which is fully
explained by such characteristics of these phases, as values of the dis-
sociation energy, the Young’s modulus, the thermal conductivity.

5. Fine-crystalline (crystallite size up to 30 nm) MA activated powders
of an equimolar TiC—VN mixture will be tested as functional additives
to improve the properties of medical titanium alloys.

This work has been supported by Ministry of Education and Science
of Ukraine within the project 24B5®051-01 ‘Synthesis of biocompatible
metal-ceramic composites to improve the wear resistance of medical
instruments and titanium-based implants’.
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