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Hageodeno docniocenns 6naugy mepmiunozo i padiauiiinozo wumn-
HuKié na eaemenmuui cxaad i Qazoeo-cmpyxmypnui cman ion-
no-nnazmosux rxondencamie WC-TiC xeasibinapnux cucmemu. B
aKocmi mepmiunozo paxmopa 6 podomi 6uKoOpucmosyeanacs pizna
memnepamypa niokaaoKu npu 0CA0HCeHHi Ma memMnepamypa 6UCOKo-
memnepamypHux 6i0nanoe noxpummie nicas ix ocaodcenns. Bnaue
padiayiiinozo gaxmopa 3MIHI08ANOCA WAAXOM nodaui pizHozo 3a
8ENUMUHOIO HE2AMUBHO020 NOMEHUIATY 3MIUWeHHS HA NIOKAAOKY 8 NPo-
yeci 0caoHcenns noKkpummsi.

Bcmanosaeno, wo 3i 3Mino10 memnepamypu niokaaoku npu ocao-
scenni (6 inmepsani memnepamyp 80-950 °C) 6id6ysacmvcs 3mina 6
esemeHmnomy cknadi nokpummsi. 3i 30iNbUeHHAM meMnepamypu oca-
0JcenHs NIOBUMYEMbC BIOHOCHUT BMICT 8ANCKUX MEMANEBUX AMOMIG
Wi smenmyemocs sionocnuii emicm amomie Tii C. Ha ¢pazoso-cmpyx -
mypnomy pieni ue npuzeodumv 00 3minu 6i0 00HOpa3n020 cmany
((W, Ti) C nepecunenuii meepouii po3uun npu memnepamypi ocao-
scenns menwe 3a 700 °C) do deoasnozo (W, Ti) Cio-W,C ¢pasunpu
memnepamypi ocadxcenns Ginow 3a 700 °C). Buxopucmanns 6ucoxo-
memnepamypHux 6i0nanoe NOKpuUmMmis nicas ix popmyeanns noxasa-
J10 NOPIBHANO HU3bKY epexmusnicmov axmusauii poznady. Ilpu mem-
nepamypi eionany 800 °C nomimnoi 3minu Qazoeo-cmpyxmypnozo
cmany me cnocmepizaemvCa, a npu HAUGLILW BUCOKIN memnepamypi
1000 °C i sumpumui npomsieom 2-x 200un emicm o.- W>C paszu éionocro
mane i ne nepesuwye 15 06 %. Ilodaua nomenyiany 3cyey cmMumyaroe
ymeopenns osyxgasnozo cmany 3 (W, Ti) Ci a-W,C a3 3 nanome-
mposum po3mipom Kpucmanimie. 3i 30iNbUEHHAM NOMEHUIANY 3CYBY
610 —50 B 0o —115 B cepeoniii po3mip kpucmanimié 3meHuyemocs 6io
4.5 um 0o 3.8 um.

Bukxopucmanns 6 po6omi memoodie cmpyxmyphoi indcenepii 0ns
cmeopenns 0sogasnux mamepianie na ocnosi keasivinapnoi WC-TiC
cucmemu € 0CHOGO10 01 nideuuenns miynocmi i mpiwunocmitixocmi
noxpummie maxux cucmem

Knmouogi caosa: xeasibinapna cucmema, eiemenmuuil cxaao,
memnepamypa niokaadxu, nomenuial 3cyey, nepecurenuii meepoui
po3uun
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In recent years, structural engineering has been the main
method for creating materials with the necessary functional
characteristics [1, 2]. Of particular importance is the method of
structural engineering (that is, the establishment of regularities
of structural states depending on the parameters of obtain-
ing the material [3]) due to the use of highly nonequilibrium
methods of forming materials [4, 5]. Among these methods is
the preparation of coatings from ion-plasma flows [6, 7]. As a
result, it was possible to expand the areas of temperature and
concentration stabilization of phase-structural states [8,9].
This allowed us to create new types of materials with high
functional properties [10, 11]. The highest mechanical prop-
erties were achieved for systems including silicon [12, 13]. The
second feature of these coatings was the nanoscale structure
of constituent elements [14, 15]. Such a structural state was
called a nanocomposite [16]. Subsequently, nanocomposites
(i.e., composites based on nanosized elements) were creatr
ed on the basis of two structural approaches [17,18]. The
first approach is by stratification of the supersaturated solid
solutions into several phases (mainly by spinodal-like mecha-
nisms) [19, 20]. The second approach is through the creation
of multilayer composite materials with nanometer layer thick-

ness [21, 22]. Common to these approaches is that the basis
for achieving high physical and mechanical characteristics is
largely determined by the properties of the interphase bounda-
ry (grain adhesion [23], elastic characteristics [24], the ability
to relax stresses [6], block crack propagation [25], etc.).

Therefore, the creation of nanocomposites based on the
decomposition of supersaturated solid solutions of quasibi-
nary systems with the formation of high-strength intergran-
ular boundaries is the basis for achieving unique properties.
However, with an increase in the number of components, the
calculation of parameters when modeling such structures is
very complicated and is rarely used in practice. For quasibi-
nary systems, such calculations are complicated by the mul-
tilevel hierarchy of the formation process (associated with
the possibility of forming a supersaturated solid solution as
a transition state). And in this regard, the use of a structural
approach based on the systematization of empirical data is
becoming increasingly relevant.

2. Literature review and problem statement

Nanocomposite coatings are the basis of most modern tech-
nologies [26, 27]. The preparation of such coatings by the PVD



(physical vacuum deposition) method in most cases takes place
under highly nonequilibrium conditions [28]. In this case, a
nanostructural state is formed in the coatings themselves [29].
For such nonequilibrium systems, phase diagrams differ sig-
nificantly from equilibrium ones. Changes in state diagrams
are due, first of all, to an increase in the mutual solubility of
elements in a nanostructured state. This, in particular, leads
to a significant expansion of the solubility boundaries of solid
solutions [30]. When the necessary conditions are created,
structural restructuring of such a system takes place to reduce
its nonequilibrium [31]. Under such conditions, the FCC crys-
tal lattice (structural type of NaCl) is the most sTable for the
interstitial phases based on transition metals [6, 13]. This stap
bility is due to the ability of such a structure in the formation of
“empty” octahedra in the crystal lattice (that is, for example, for
carbides — carbon vacancies) to counteract the stresses caused
by Me — Me bonds [32]. The limiting concentration of carbon
vacancies that such a structure “withstands” depends on the
ratio of the strength of the Me — C bond and the Me — Me bond
(Me is a transition metal, C is carbon).

To assess the bond strength, the enthalpy of formation is
used [33, 34]. According to the data from [33, 34], dependenc-
es of the enthalpy of formation of carbides and borides for the
most promising (in the order of increasing their atomic num-
ber) metals of the transition group are constructed in Fig. 1.
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Fig. 1. Dependence of the formation enthalpy on the type of
metal component in carbides and borides:
1 — MeC type carbide, 2 — MeB, type boride

It can be seen from Fig. 1 that a decrease in the statis-
tical weight of sTable d°-electronic configurations (upon
transition from VI metals to group IV metals) leads to a
significant increase in the Me — C interaction. This leads to
greater stability of the structure to displacements of metal
atoms when carbon vacancies appear.

Thus, the combination of metal carbides of the IVth
(TiC) and VIth group (WC) into the quasibinary system
WC-TiC allows us to obtain a unique combination of com-
ponents with strong Me-C (for TiC) and Me-Me (for WC)
bonds. In this case, the phase and structural state of such
systems should be strongly influenced by thermal and radi-
ation factors. This determines the great need for obtaining
and processing systematized empirical data on the influence
of thermal and radiation factors on the elemental composi-
tion and phase-structural state of ion-plasma condensates of
the WC-TiC quasibinary system.

3. The aim and objectives of the study

The aim of the study is to establish the laws governing
the influence of thermal and radiation factors on the ele-
mental composition and phase-structural state of ion-plas-

ma (DC planar magnetron) coatings of the quasibinary
WC-TiC system.

To achieve the goal, the following objectives were set:

—to study the effect of substrate temperature during
deposition on the elemental composition and phase-structur-
al state of ion-plasma condensates;

—to determine the possibility of decomposition of a
solid solution with the formation of a two-phase state
by high-temperature annealing of coatings after their
formation;

— to establish the effect of supplying a negative bias po-
tential to the substrate during deposition on the phase-struc-
tural state of the coatings of a quasibinary WC-TiC system.

4. Materials and methods for the preparation and study of
coatings of the quasibinary WC-TiC system

Coatings were obtained by ion sputtering of the target
cathode. For sputtering, a planar magnetron circuit was used.

Targets for spraying were made by hot pressing at a
temperature 75,1700 °C. The targets were biphasic and
contained TiC phases with a cubic lattice of structural
type NaCl and a WC phase with a simple hexagonal lattice.
Targets of 90 mol. % WC — 10 mol. % TiC composition
were used.

Spraying was carried out in an inert gas Ar at a pressure
of 0.2-0.3 Pa. The applied spray voltage of 320..400V
ensured the flux density of the deposited metal atoms
FMe~(2..9) 10 cm 2571,

As a thermal factor, we used different substrate tem-
peratures during deposition and temperatures of high-tem-
perature annealing of coatings after their deposition. The
deposition temperature (T;) was varied in the range of 80—
950 °C by controlled heating of a specially designed Table for
samples. Annealing was carried out in a vacuum of 10> Pa at
temperatures of 800 °C and 1000 °C.

The influence of the radiation factor was changed by ap-
plying a negative bias potential of different magnitudes to the
substrate during coating deposition. For this, 3 modes were
used during deposition: without applying a negative potential,
and also when applying a potential of =50 V and —115 V.

The coating thickness was 1.2—1.7 um. As substrates,
polished single crystal silicon wafers were used.

To study the phase-structural state, the X-ray diffraction
method was used. Diffraction spectra were obtained on a
DRON-4 setup in Cu-K, radiation (wavelength 0.154 nm).
At the same time, the Bragg-Brentano survey scheme was
used. To monochromatize the detected radiation, we used
a graphite monochromator, which was installed in the sec-
ondary beam (in front of the detector) [35]. The angular
range of the survey was 25-85° with a scan step of 0.01°.
The exposure time at the point was 20...100s. To decode
the diffraction spectra, tables of the Powder Diffraction File
international center for diffraction data were used [36]. The
crystallite size was determined by changing the width of the
diffraction peaks [37].

Electron microscopy studies were carried out using a
JEOL — 2100 transmission electron microscope (JEOL Ltd.,
Japan) and a FEI Nova NanoSEM 450 scanning electron
microscope (FEI, USA). The elemental composition of the
coatings was studied by analyzing the spectra of charac-
teristic X-ray radiation generated by an electron beam in a
scanning electron microscope.



5. Results of a study of the influence of the thermal factor
on the phase-structural state of WC-TiC condensates

The main studies were carried out for coatings obtained
by sputtering a target with a composition of 10 mol. % TiC —
90 mol. % WC. The choice of this composition as the base
was due to two factors. The first factor is that the ratio close
to 1/9 in nanocomposites (the formation of which passes by
the spinodal decomposition mechanism) according to ex-
perimental studies is optimal for obtaining high functional
properties [38, 39]. The second factor is that, as shown by
previous studies [18], for quasibinary systems with such a
content of basic components, a two-phase structural state of
the nanocomposite is formed, which allows one to study the
effect of interfacial interaction on structural engineering.

Initially, a study of the thermal factor was carried out. In
this case, the main technological parameter of the effect on
the structural state was the temperature value T;. The base
temperature T in the study of the structure and properties of
the coatings was chosen T;=700 °C. This is due to the highest
functional characteristics revealed for such T for a quasibit
nary diboride system similar in decay mechanism [18].

Fig. 2 presents raster electron microscopic images of the
side surface of the coating obtained at T,=700 °C, as well as
maps of the distribution of elements by their thickness.
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Fig. 2. View of the side surface of the coating obtained at
Ts=700 °C and the distribution map of the elements:
a — side surface; b — distribution of W;
¢ — distribution of Ti; d — distribution of C

One can see a fairly uniform distribution of W and C
atoms in the coating volume and the formation of inhomo-
geneity sites as a result of depletion of Ti atoms. The grains
themselves have a columnar shape. In accordance with the
Thornton model [40], such a structure is characteristic of
the relatively low mobility of the deposited atoms and is
determined in this case by the main metal atoms — heavy
tungsten atoms [24]. The inhomogeneous distribution of Ti
atoms over the coating volume is associated with its relative-
ly low content.

To determine the elemental composition, the method of
energy dispersive analysis was used. Fig. 3 shows the charac-
teristic energy dispersive spectrum of the coating obtained

at T,=700 °C. It can be seen that the spectrum contains
peaks from the main elements W, Ti, and C in different en-
ergy ranges. Based on these data, the elemental composition
was calculated programmatically.

Fig. 3. Energy dispersive spectrum of the coating deposited
at 7,=700 °C

Table 1 shows the results of determining the elemental
composition for 3 types of coatings obtained with different
T;. Table 1 shows that compared with the target, the coatings
are enriched with heavy tungsten atoms. The reason for such
a difference may be secondary selective sputtering of lighter
Ti and C atoms from the deposited surface. With increas-
ing condensation temperature, the intensity of secondary
sputtering increases, which is manifested in a change in the
Ti/W atomic ratio in the coatings relative to the target. Along
with the change in Ti/W in the coatings, the carbon content
also changes. However, in this case, another dependence is
observed: the relative content of C atoms in the coatings in-
creases with increasing Ti content. The observed trend can be
associated with a significantly higher heat of formation of tita-
nium carbide compared with tungsten carbide (—183.8 kJ/mol
and —37.7 kJ/mol, respectively). On the one hand, this deter-
mines the greater stability of TiC under thermal action, and
on the other, justifies the model of preferential atomization of
atoms directly from the coating formation surface.

Table 1

Composition of the coatings deposited at different 7supon
sputtering a target with a composition of
90 mol. % WC — 10 mol. % TiC

. Composition of the coatings, at. %
Ts,°C -
Ti w C
300 8.4 50.3 41.3
700 6.1 56.1 37.8
950 5.3 60.2 34.5

To determine the phase-structural state, the XRD meth-
od was used. Fig. 4 shows the diffraction spectra from coat-
ings obtained at different T;. As can be seen from Fig. 4, at
the lowest T;=80 °C, a single-phase state of the (W, Ti)C
solid solution is formed upon condensation on the basis of the
FCC crystal lattice (structural type NaCl). According to the
Powder Diffraction File card file [36], this type of structure
corresponds to the PDF card 20-1316. The structure of such
a coating is polycrystalline without the preferred orienta-
tion of crystallites. An increase in T to 300 °C leads to the
appearance of a predominant orientation of crystallites with
the [100] axis perpendicular to the growth plane (the texture



appears on the diffraction spectrum in an increase in the
relative intensity of the peak (200)).
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Fig. 4. X-ray diffraction patterns of coatings deposited at
different 7o 1 —80°C, 2 —300°C,3—700°C,4—950°C

The crystallite size in the coatings was 11-14 nm. For
the coating obtained at T;=700 °C (spectrum 3 in Fig. 4),
the diffraction profile becomes asymmetric, which indicates
the appearance of diffraction peaks from crystallites with a
different type of crystal lattice. These peaks are more pro-
nounced in the diffraction spectrum of the coating obtained
at T,=950 °C (spectrum 4 in Fig. 4). According to the card
index data [36], the second type of structure corresponds to
the a-W,C phase (PDF card 35-0776).

To determine the stability of the pre-precipitation state
in the coating obtained at T,=700 °C, it was vacuum ann
nealed at a temperature of 1000 °C for 2 hours. As can be
seen from the obtained diffraction comparison spectra
(Fig. 5) during annealing, the decomposition of a solid solu-
tion leads to the formation of a two-phase state from (W, Ti)
C and a-W,C phases.
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Fig. 5. X-ray diffraction patterns of coatings (7,=700 °C)
obtained by sputtering a target of
10 mol. % TiC — 90 mol. % WC: 1 — before annealing,

2 — after 2 hours annealing at 1000 °C
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In this case, the diffraction profile of the (200) (W, Ti)
C peak broadens after annealing. Before annealing, the peak
width at half maximum was 0.96° (spectrum 1), and after an-
nealing, it was 1.42° (spectrum 2). This indicates the disper-
sion of crystallites and the development of high microdefor-
mation. To determine the volume content of the a-W,C phase,
the basic X-ray diffraction analysis technique was used based
on the values of the integrated area of diffraction lines and the
reflectivity of the corresponding plane. As a percentage, the
volume of the isolated a-W-C phase was 15 %.

6. Results of a study of the influence of the radiation
factor on the phase-structural state of WC-TiC
condensates

When studying the influence of the radiation factor, the
main parameter of the effect was the negative bias potential
applied to the substrate during the deposition process. To
study the phase-structural state of condensates, the XRD
method was used. The generalized data of the XRD spectra
of the coatings obtained at 7,=700 °C and different bias poe
tentials on the substrate are shown in Fig. 6.
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Fig. 6. X-ray diffraction patterns of coatings deposited at
7=700 °C: 1 — without a bias potential, 2 — with a bias
potential =50 V, 3 — with a bias potential =115V, 4 — with a
bias potential =115 V and annealing at 800 °C for 1 hour,

5 — at 7,=950 °C without bias potential

It is seen that an increase in the energy of the deposited
particles (when applying the bias potential) is accompanied
by an increase in the decomposition of the solid solution and
the formation of a two-phase condensate. In this case, in the
diffraction spectra, with an increase in the bias potential, the
relative intensity of the peak (200) (W, Ti)C decreases and
the asymmetry of the diffraction profile increases from the side
of smaller angles (Fig. 6, spectra 1 and 2). The supply of the
highest displacement potential of =115 V leads to a strong dis-
orientation of crystallites and the absence of texture. However,
due to the imposition of several diffraction lines, their analysis
is possible only after decomposition of a complex profile.

Fig. 7 shows the results of decomposition with the alloca-
tion of diffraction peaks from two phases.

Fig. 7, a shows that the supply of a =50 V bias potential
during deposition leads to an increase in the width of dif-
fraction peaks (which corresponds to a decrease in the size
of crystallites of the (W, Ti)C phase to 4.5 nm). In this case,
the preferred orientation of growth with the [100] axis of
crystallites of the (W, Ti)C phase is retained. Crystallites
of the a-W,C phase also have an average size of about 4 nm.
The volume content of the a-W,C phase is about 25 %.

The potential supply of =115V during deposition is
accompanied by the appearance of the texture of the [111]
(W, Ti)C phase and a decrease in the average crystallite size
to 3.8 nm. As can be seen from Fig. 6, annealing of such a
coating for 1 hour at a temperature of 800 °C does not lead to
structural changes, but is accompanied by a shift of the peak
toward large angles, which may be due to relaxation of the
initial compression stresses in the coating.

A similar effect of the decomposition of a solid solution
with the formation of a two-phase state is also manifested at



a higher coating deposition temperature 7,=950 °C (Fig. 6,
spectrum 5). However, as can be seen from the decomposi-
tion of this profile (Fig. 7, ¢), in this case only the crystallites
of the (W, Ti)C phase are strongly crushed (the average
size decreases to 3.2 nm). The average crystallite size of the
a-W,C phase is much larger and is about 10 nm. The volume
content of the a-W;,C phase is about 30 %.
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Fig. 7. The result of decomposition of complex diffraction
profiles on the spectra of coatings: @ — deposited at
7s=1700 °C and a bias potential of =50 V, b — deposited at
7s=1700 °C and a bias potential =115V, ¢ — deposited at
7:=950 °C

Thus, in contrast to the radiation factor leading to the
fragmentation of grains of both phases, with an increase in
the thermal factor (deposition temperature), the formation
of a two-phase state is accompanied by different changes in
the size of (W, Ti)C crystallites and a-W,C constituents in
the condensates.

7. Discussion of the research results on the influence of
thermal and radiation factors on the phase-structural
state of condensates

The need to use thermal and radiation factors to increase
the adhesion of the coating to the substrate determines a
number of features in the formation of coatings based on
solid solutions. Moreover, the high rate of thermalization of

particle energy in ion-plasma methods for producing coat-
ings [6, 9, 13] determines a wide range of formed structural
states, including nonequilibrium phase states, as well as
substantially supersaturated solid solutions. Both of these
states are characteristic of coatings based on the WC-TiC
quasibinary system.

It should be noted that in the temperature range of 80—
950 °C (used in the work) in the equilibrium state, tungsten
carbide has a hexagonal crystal lattice. The cubic crystal
lattice (structural type NaCl) is characteristic only for the
high-temperature (over 2000 °C) region of the W-C equilib-
rium diagram. Stabilization of the phase with a cubic lattice
becomes possible in ion-plasma condensates at low tempera-
ture due to the high rate of thermalization of particles.

The supersaturation of the solid solution also reaches
large values in comparison with the equilibrium state. For a
phase with a cubic lattice in the W-Ti-C system, the limiting
content of tungsten atoms is less than 75 % (and not more
than 90 %, as is achieved in condensates, Table 1).

From the obtained results it follows that the decomposi-
tion of a supersaturated solid solution with the formation of
a 2-phase state can be achieved in two ways:

1) when using a high (more than 700 °C) substrate tem-
perature during deposition (Fig. 4, 7, ¢);

2) by applying a negative bias potential to the substrate
(decay occurs even at a relatively small potential =50V,
Fig. 6,7, a).

In the thermal method of decay activation, 2 meth-
ods were used: heating the substrate during deposition
and high-temperature annealing of the coatings after their
formation. The method of high-temperature annealing of
coatings after their formation showed a relatively low effi-
ciency of decay activation. Even at the highest annealing
temperature of 1000 °C and holding for 2 hours, the per-
centage of release of the a-W,C phase is much lower than
during precipitation for 1 hour with 7;=950 °C. At a lower
annealing temperature of 800 °C, no noticeable change in
the phase-structural state is observed, and the change in the
lattice period is apparently associated with relaxation of the
initial compression stresses (Fig. 6, spectrum 4).

A feature of the influence of the thermal factor (Ty)
during the deposition of the coating revealed in the work
is the enrichment of the coating with heavy W atoms and
a decrease in the content of Ti atoms and carbon atoms
with increasing T;. It should be noted that a decrease in the
relative content of carbon atoms should contribute to the
formation of the a-W,C phase (as phases with a lower carbon
content). In this case, it is possible to adjust the phase ratio
in the coating, which is difficult with the magnetron method
in the case of using a two-phase target.

The supply of a bias potential also leads to the formation of
a two-phase state. A feature of this state is the very small crys-
tallite size. With an increase in the bias potential from —50 V
to =115V, the average crystallite size decreases from 4.5 nm to
3.8 nm (Fig. 7, a, b).

It should be noted that the transformation (W, Ti)C—
—a-W,C must pass through the stage of formation of stack-
ing faults. This follows from the laws governing the transi-
tion of pure tungsten monocarbide (B-WC) to the a-W,C
phase [6]. The difference between the system studied in this
work is only the formation of (W, Ti)C solid solution based
on a modification with a cubic lattice pB~WC. For the struc-
tural type of NaCl (to which the (W, Ti)C phase belongs),
in the [111] direction there is an alternation of layers con-



sisting of either only metal atoms or
only carbon atoms. The determining
factor in such a structure is the shift
in the metal lattice. Fig. 8 shows a
schematic view of such a conversion
from the FCC to the hexagonal crys-
tal lattice.

We note that, as was established
in [6], in nanocrystallites of ion-plas-
ma condensates based on tungsten
carbide, the deformation of the crys-
tal lattice upon conversion from
cubic to hexagonal crystal lattice
occurs with an invariant plane. This
plane is the common plane of the
boundaries of the two phases, which
leads to the displacement of atoms
in the direction of the shear vector
(Fig. 8).

Thus, in this work, the possibility of creating a two-
phase nanocomposite was revealed. This was achieved by
using the substrate temperature more than 700 °C during
deposition, as well as by applying a negative mixing po-
tential of =50 V or more. This effect is achieved only with
compositions with a low TiC content (in this work, this was
achieved with a content of 10 mol. % TiC). In this case, the
state with the crystal lattice of the (W, Ti)C phase becomes
unstable.

It should be noted that, in contrast to the metasta-
ble state of a supersaturated solid solution, the formation
of a two-phase state (with different types of crystal lat-
tices) effectively prevents the propagation of cracks in the
coating material. This increases its strength and crack
resistance. Therefore, the use of structural engineering
methods in the work to create the corresponding two-
phase materials is the basis for increasing the strength and
crack resistance of coatings of such systems. Therefore,
it is planned to further develop research by conducting
comparative mechanical tests of coatings and optimizing
coatings by their composition.
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Fig. 8. Scheme of the structural transformation of the FCC into the hexagonal lattice
through the stage of formation of stacking faults

8. Conclusions

1. It was found that with an increase in the deposition tem-
perature in the elemental composition of the coating, the rela-
tive content of heavy metal atoms W increases and the relative
content of Ti and C atoms decreases. At the phase-structural
level, this is manifested in the formation of a single-phase state
of a supersaturated solid solution to 7;=700 °C. At higher T,
the solid solution decomposes with the formation of a two-
phase state from (W, Ti)C and a-W,C phases.

2. The use of high-temperature annealing of coatings af-
ter their formation showed a relatively low decay activation
efficiency. At an annealing temperature of 800 °C, a noticea-
ble change in the phase-structural state is not observed. For
the highest annealing temperature of 1000 °C and holding
for 2 hours, the a-W,C phase is released, however, the per-
centage of this phase is relatively low (about 15 vol. %).

3. It was revealed that the supply of the bias potential leads
to the formation of a two-phase state from (W, Ti)C and a-W,C
phases. A feature of this state is the very small crystallite size.
With an increase in the bias potential from —50V to =115V,
the average crystallite size decreases from 4.5 nm to 3.8 nm.
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