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Using high-angle X-ray diffraction and X-ray fluorescence spectral analysis, the effects
of the sputtered material composition and deposition temperature on the phase and ele-
mental composition, structure, substructure features, and stress state in the ion-plasma
quasi-binary WC-TIC coatings. The increase in relative titanium atomic content has been
established to result in increasing thermal stability of the single-phase state of the
((W,Ti)C solid solution) condensate up to the temperatures exceeding 950°C at the atomic
ratio Ti/W>0.85. At atomic ratios Ti/W<0.25 and deposition temperatures exceeding 800°C,
a multi-phase condensate is formed containing the lower carbide W,C, the essentially pure
o—W phase with the BCC lattice, along with WC and TiC phases formed through (W,Ti)C
solid solution decomposition. In the range of the single-phase solid solution formation, the
crystallite sizes rise and the micro-strain extent drops as the condensation temperature
rises. The transition into the temperature range of the multi-phase coating is followed by
the micro-strain increase and the average crystallite size diminution. The carbon content
in the (W,Ti)C solid solution has been estimated and the critical deposition temperature
established to be 700°C; at higher temperatures, intensive vacancy formation occurs in
carbon sublattice of the carbide. Physical reasons for the effects observed and the regulari-
ties revealed have been discussed.

MeTogaMu MIMPOKOYIJIOBOII PEHTreHOBCKOM Au(MPAKTOMETPUN U PEHTreH-(PIyOpecIeHTHO-
ro CIHeKTPAJbLHOTO AHAJIM3A M3YUYEHO BJIHUSHIE COCTABa PACIILLIAEMOr0 MaTepHhaa M TeMmIlepa-
TYPBI OCAKIEHUs Ha (PASOBBIN U dJIEMEHTHBIN COCTaBBI, CTPYKTYPY, CYOCTPYKTYPHBLIE XapaK-
TEePUCTUKM ¥ HAIPAKEHHOEe COCTOSHNE HNOHHO-ILIA3MEHHBIX KOHAEHCATOB KBa3MOMHAPHOI
cucrembl WC—-TIC. YcTaHoBI€HO, UTO IOBLIINIEHNE OTHOCUTEILHOTO COAEpP)KaHNe aTOMOB TH-
TaHa B KOHJeHcaTe NMPUBOJAUT K YBEJNUEHUIO BepXHEW I'PaHUIBl TeMIIEPATYPHON cTabuJILHOC-
tu oxuodasuoro ((W,Ti)C-TBepabiii pacTBOpP) COCTOAHUS OCAKIAEMOr0 MaTepuaja, KOTopoe
mpu coorHomrenuu atromoB 1i/W>0.35 mosxer npesbimiats 950°C. IIpu COOTHOIIEHUN aTOMOB
Ti/W<0,25 u remneparype ocammenus Boiite 800°C mpoucxoxut dopmupoBanre MHOTODas-
HOTO KOHJeHcaTa, cofepsamiero Husmuii kapouxs W,C, mpaxruueckn uwmersrii o—W ¢ OIK
pemerkoii 1 WC u TiC ¢asel, obpasyromuecs B pesyabrare pacmaza (W, Ti)C-reepgoro pac-
TBOpa. Pasmep KpucramiuToB B obsacTu (POPMHUPOBAHUSA OZHODAZHOIO TBEPIOrO0 PacTBOpa C
[IOBBIIIIEHNEM TeMIIePaTyPbl KOHAEHCAIIMN YBEJIWYMBAETCH, 4 BeJIMYMHA MHKpPomedopmamuu
nagaer. Ilepexon B TemmepaTypHyi o0gacTh (GOPMUPOBAHMS MHOrO()A3HOrO0 IIOKPBITUS CO-
IIPOBOKIAETCS YBEJIUUYEHHEM MUKPOgedOpPMAIMY B KPUCTAJJINTAX U YMEHBIICHHEM HX CPeJ-
Hero pasmepa. IIpoBexmena orenka cogepsxanus yriepoga B (W, Ti)C-tBepmom pacrBope, u ycra-
HOBJIEHA KpuTuueckas remieparypa ocaxkuenus 700°C, Bbillle KOTOPOM IIPOMCXOAUT HMHTEHCHB-
HOe 00pas3oBaHNe BAaKAHCHUI B yIrJIEPOAHOI IIoapelieTKe Kapouuaa.
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Fig. 1. Elemental composition vs deposition tem-
perature for condensates deposited by ion-plasma
sputtering of three targets differing in composi-
tions: 1— 81 mol.%TiC, 69 mol.% WC; 2 — 21 mol.%
TiC, 79 mol.%WC; 3 — 15 mol.%, TiC, 85 mol.%WC
(concentrations Ti/W in targets are given left).

A feature of ion-plasma sputtered solid
solution condensates is the high sensitivity
of phase composition, structure, and func-
tional properties to relatively small tem-
perature variations under deposition thereof
[1-3]. A particularly wide variety of phase
compositions and structure states should be
expected under condensation of the solid so-
lutions based on quasi-binary transitional
metal borides, carbides, or nitrides differ-
ing in electronic structure. The titanium-
tungsten pair belongs to such transitional
metals, which provides the most difference
in chemical activity to non-metal atoms (ti-
tanium belongs to the IV Group, 4th period,
while tungsten, to the VI Group, 6th period).
In addition, a considerable difference between
Ti and W in atomic masses and thus in scat-
tering abilities makes it possible to reveal
successfully the wvarious structure changes
using X-ray diffraction methods [4].

The relatively simple structure based on
FCC lattice and high performance charac-
teristics of the initial constituents make the
quasi-binary WC-TIC system to be very
promising for industrial applications. In ad-
dition, the simple lattice of both the con-
stituents and the solid solution in con-
densed state [5] allows effective X-ray dif-
fraction characterization of the processes
therein. The purpose of this work is to es-
tablish the formation regularities of phase
composition, structure, and stress state, as
well as the kinetics of changes thereof at
different deposition temperatures of ion-
plasma nano-crystalline condensates from
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Fig. 2. Partial views of diffraction spectra
for the samples 15 mol.% TiC—85 mol.% WC
deposited at the condensation temperature
80°C onto different substrate types: alumi-
num foil (1), beryllium (2), finished single-
crystalline silicon (3).

the example of the quasi-binary WC-TIC
system with a cubic lattice.

The samples were prepared by ion sput-
tering of the hot-pressed targets with dif-
ferent WC and TiC contents: the 15! target
contained 31 mol.% TiC and 69 mol.% WC;
the 27, 21 mol.% TiC and 79 mol.% WC;
the 8™, 15 mol.% TiC and 85 mol.% WC.
The planar magnetron scheme was applied.
The ion sputtering was carried out in the Ar
atmosphere under 0.2 to 0.4 Pa pressure.
The sputtering voltage was 320 to 400 V,
thus providing the condensation rate about
0.5 nm/s. As substrates, 15 um thick alu-
minum and beryllium rolled foils, polished
nickel, and polished both single-crystal sili-
con and finished glass ceramic of 380 and
350 um thickness, respectively, were used.
The phase composition, structure, substruc-
ture features (coherence length and micro-
strain), and stress state were studied by the
standard X-ray diffraction method using a
DRON-3 instrument with Cu-K, radiation
[1, 3]. The more detailed X-ray diffraction
patterns were measured on the samples de-
posited onto silicon and beryllium sub-
strates, while others (on aluminum, nickel,
and glass ceramic substrates) were used for
some comparative investigations.

Elemental compositions were studied by
X-ray fluorescence spectrometry using a
SPRUT instrument (produced by AS
"Ukrrentgen”, Ukraine). The exciting radia-
tion was provided by an X-ray tube with
silver anode.
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Fig. 3. Partial views of diffraction spectra
for the condensate deposited at 300°C tem-
perature by sputtering of the 224 target onto
beryllium (1) and silicon (2) substrates.

The elemental analysis by X-ray fluores-
cence spectrometry has shown the Ti/W
metal atomic ratio to be almost constant
and close to the target composition for the
coatings deposited at temperatures <500°C
(Fig. 1). At higher condensation tempera-
tures, the atomic ratio of lighter Ti to heav-
ier W decreases.

For the condensates obtained both at
nearly ambient temperature and elevated
ones (up to 750°C), the formation of the
single-phase (W,Ti)C solid solution [6] with
nano-crystalline structure [7] was observed
in a wide composition range. Note that at
lower condensation temperatures (80—
250°C), practically the same structure state
is realized on all the types of the substrates
used (Fig. 2). At higher deposition tempera-
tures, beginning from 300°C, oriented crys-
tallites (with [100] axis normal to the
growth plane) were formed predominantly
on the smooth polished nickel substrates
and finished glass ceramic ones. No pre-
dominant crystallite orientation was ob-
served in the coatings grown on the rough
(average roughness R ~1 pm) beryllium and
aluminum substrates (Fig. 3).

The [100] texture perfection degree
measured by wy-scanning [8] varied non-
monotonically. For the coatings deposited at
600-700°C, a significant diffraction line
narrowing was observed using y-scanning,
which indicates the decrease of the crystal-
lite angular disorientation with respect to
the [100] texture axis (Fig. 4). An interest-
ing feature was the increasing texture per-
fection as the coating thickness rised (in
Fig. 4, the data for about 1 pum thick con-
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Fig. 4. Variation of the [100] texture perfec-
tion degree in the 1 um thick condensates
deposited onto silicon substrate by sputtering
the 3% target.

densates are presented along with the
0.5 um condensate for comparison). More-
over, it should be noted that for the conden-
sates obtained at T'.,,; > 830°C (under sput-
tering the 3'd composition target) and at
Toong > 900°C (under sputtering the 2nd
composition target) the single (W, Ti)C solid
solution peak divided into two sub-peaks
corresponding WC and TiC constituents,
hence, the single-phase state was broken
(Fig. 5). In Fig. 5, the typical (331) and
(420) reflections of the solid solution are
shown prior to and after the solid solution
decomposition into WC and TiC. In this
case, the solid solution condensates were ob-
tained by sputtering the of the 214 composi-
tion target (21 mol.% TiC, 79 mol.% WC).

The kinetics of the phase composition
change depending on variation of the Ti/W
atomic ratio in the target being sputtered
and the substrate temperature in the range
80-900°C under condensation has shown
(Fig. 6) that for the 15t target with rela-
tively high titanium concentration, the con-
densates retained the single phase state up
to the highest (950°C) deposition tempera-
ture studied (Fig. 6a). The sputtering of the
targets with lower titanium content (targets
2 and 38) resulted in formation of a single-
phase solid solution condensate at tempera-
tures not exceeding 750°C (Fig.6, b, ¢). For
the condensates sputtered from the 2%d tar-
get and deposited at higher temperatures of
800 to 850°C, the diffraction lines of both
W,C phase (with HCP lattice, Fig. 6b), and
o—W are revealed. More pronounced (due to
the higher volume content) is the formation
of W,C and o—W crystallites in the conden-
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Fig. 5. Partial views of diffraction spectra for the condensates deposited by sputtering the 27d
composition target onto silicon substrates at different temperatures: 700 (1), 850 (2), 950°C (3)
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Fig. 6. Partial views of diffraction spectra for the condensates deposited by sputtering the targets
of different compositions at different temperatures: (a) 81 mol.% TiC—69 mol.% WC (T, = 250 (1),
560 (2), 850 (3), 900°C (4), 950°C (5)), (b) 21 mol.% TiC-79 mol.% WC (T, = 80 (1), 800 (2), 700
(3), 850°C (4), 950°C (5)), (c) 15 mol.% TiC—85 mol.% WC (T, = 80 (1), 700 (2), 750 (3), 850°C (4)),

(d) 15 mol.% TiC-85 mol.% WC (T, = 850°C).
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Fig. 7. A photo of the film surface after con-
densation at 80°C.

sates sputtered from the 3'? target (with
the lowest Ti content) and deposited at
850°C (Fig. 6, c—d). In this case, the pre-
dominant formation of o—W phase is re-
vealed together with WC and TiC carbides
as a result of the (W,Ti)C solid solution de-
composition (Fig. 6d). Thus, during high
temperature deposition from the target with
low titanium content, three main phases are
formed: titanium and tungsten mono-car-
bides, and o—W with the BCC lattice. Under
equilibrium conditions, such a reaction of
the lower tungsten carbide (W,C) formation
followed by its decomposition into the al-
most pure a—W and tungsten mono-carbide
(WC) takes place under carbon deficiency at
1255°C [9], i.e. substantially above the sub-
strate temperatures used.

It is known that the phases with lower
carbon content as compared to the initial
mono-carbide are formed by creation of an
ordered vacancy sub-system in the carbon
sub-lattice [15]. As it is seen from Fig. 4
and 6, that process is most intensive in the
[100] textured condensates deposited onto a
smooth surface, for example, the silicon,
providing both sufficiently high mobility of
deposited atoms and a rather small scatter-
ing angle after the collision of the atoms
with the surface. Thus, both the planarity
of the coating and the high mobility of
carbon atoms under condensation above
700°C results in an intensive carbon re-
evaporation followed by leaving the conden-
sate deposition zone. This process is most
pronounced in the tungsten enriched do-
mains where the carbon depletion results in
growth of the crystallites with a strong me-
tallic binding stimulating the formation of
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Fig. 8. a—sin?y plot for macro-strain determi-
nation in the condensate of (W,Ti)C solid so-
lution (the target composition 79 mol.% WC-

21 mol.% TiC, T, = 80°C, the substrates of
beryllium (1) and silicon (2)).

BCC lattice typical for the pure tungsten.
The decomposition of a carbon-deficient
(Ti,W)C solid solution results in formation
of titanium mono-carbide crystallites only,
while both a lower tungsten carbide and the
tungsten phase being formed besides of the
tungsten mono-carbide crystallites. This in-
dicates a higher strength of Ti—C bond as
compared to W-C one. This suggestion
agrees well with the Ti-W-C equilibrium
diagram: the (Ti,W)C solid solution unsatu-
rated in carbon decomposes just into two
phases, W and (Ti,W)C, but not into two
simple carbides [9]. Indeed, due to a high
contribution of the metallic d(W-W) bond,
the W-C binding is significantly weaker
than the Ti—-C one [15], that is the reason
for the predominant decarburization and
formation of domains enriched in tungsten.
In this case, according to the reaction: WC
+ O,->W + CO,, the free energy gain is
AHgpog = —435 kd/mol. [17]. The volatile
CO, is removed from the condensation area
due to the continuous evacuation.

Besides of the high atomic mobility
stimulated by the vacancy sub-system in
metallic and non-metallic sub-lattices, one
of the main reasons for the formation of
lower carbides and the (W,Ti)C solid solu-
tion decomposition into WC and TiC could
be the condensation stress development
[10]. Considering the effect of the condensa-
tion stresses, it should be noted that at low
substrate temperature (80°C), the conden-
sate is torn off immediately during deposi-
tion, the tearing boundary having a wave-
like periodic appearance as shown in Fig. 7.

Functional materials, 14, 4, 2007
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Fig. 9. Macro-strain values vs deposition
temperatures onto silicon substrate for the
condensates obtained by sputtering the tar-
gets of different compositions: 31 mol.%
TiC-69 mol.% WC (1), 21 mol.% TiC-

79 mol.% WC (2), 15 mol.% TiC—85 mol.%

The macro-strains measured by the
method of multiple oblique scans were found
to be compressive in the coatings deposited at
80°C onto silicon substrates with good adhe-
sion; a rather high strain ¢~ —1.6 % deter-
mined from the a-sin?y plot (Fig. 8) is
close to the critical value for the ion-plasma
carbide condensates [11]. For the coatings
deposited at 80°C onto both beryllium and
silicon substrates, the average composition

was considered to be constant over the sam-
ple thickness and independent of the sub-
strate type. Thus, the slopes of a—sin?y
plots were assumed to be defined only by
the strain value and the point of intersec-
tion at sin?y = 0.89 was meant as corre-
sponding to the unstrained section for the
cubic lattice (sin?y, = 2u(1 + p) [12]. So,
the lattice parameter for the unstrained sec-
tion is 0.42814 nm, and Poisson coefficient
is estimated as p~0.24.

A highly perfect texture (Ay < 15°) in
the coatings deposited at temperatures
above 600°C (Fig. 4) caused the necessity to
measure (331), (420), (422), (511), and
(333) reflections at corresponding crystal-
lographic angles of 46.5, 26.5, 35.3, 15.7
and 54.7° with respect to the normal to
(100) plane [5]. As it is known, the forma-
tion of packing defects is inherent in the
tungsten carbide condensates prepared at
high substrate temperatures [13], only the
(333) and (422) reflections not shifted by
packing defects and the (511) reflection
with small effect thereof were used to plot
the a—sin?y relationship.

The resulting macro-strain values for
different compositions and condensation
temperatures are shown in Fig. 9. It is seen
that at a high condensation temperature
and a relatively high TiC content in the
condensates, the high macro-strains develop

Table. Condensate composition calculation by the variation of lattice parameter in non-stressed state.

Sputtered De_posi- Si substrate Be substrate
cor?}gggittio ter;cllp()):ra- a,,, nm |a,,;, nm| a,A(T,)/ X a;,, nm | a,,;, nm a,, T,/ X
n ture, °C a,.q(T'30,/250¢) a,,4(T'g0,250¢)
B1 mol.% 250 0.4297210.42972 - - - - - -
bo Mo, | 560 | 0.4202 | 0.4208 <1 1 - - - -
wC 760 0.42844 |0.42869 0.9989 0.95 - - - -
850 0.42702 10.42742 0.9947 0.79 - - - -
21 mol.% 80 0.42814 |0.42814 - - 0.42814| 0.42814 - -
9 Iril(cil_."o 560 0.4272 | 0.4273 0.9980 0.90 | 0.4275 | 0.4276 0.9987 0.94
WC 700 0.42523 |0.42573 0.9944 0.78 [0.42538 | 0.42588 0.9947 0.79
850 0.42384 |0.42451 0.9915 0.73 [0.42447| 0.42516 0.9930 0.755
15 mol.% 80 0.42774 10.42774 — — 0.42775| 0.42775 — —
55 Irllc;l_% 500 0.42675 |0.42689 0.9980 0.90 [0.42685| 0.42699 0.9982 0.92
WC 700 0.42501 {0.42530 0.9943 0.77 10.42519| 0.42537 0.9944 0.78
850 0.42303%|0.42405 0.9913 0.725 | 0.42405 | 0.42437 0.9921 0.745

* _ determined for WC phase at the full phase separation of (W,Ti)C-solid solution into WC and TiC

constituents.

Functional materials, 14, 4, 2007
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and remain non-relaxed. Those compressive
macro-strains reach a value of —-1.6 %
which is close to the critical value for car-
bide condensates [11, 14]. However, at a
high condensation temperature but at a low
TiC content, the macro-strains being rela-
tively low, not exceeding —0.3 % . The non-
linear behavior in the 750-900°C range is
assumed to be due to the multiphase mate-
rial formation (Fig. 6, b, ¢, d). At the same
time, in the (W,Ti)C solid solution conden-
sates deposited onto the polished nickel sub-
strates with high thermal expansion coeffi-
cient (on17.1-1076 deg™1), a large value of
condensation compressive strain (—1.05 to
—1.4 %) was retained in the coating even at
the high deposition temperature 850—-900°C
(under sputtering the targets of the 15t and
2nd contents).

The main factors affecting the ion-
plasma condensate final structure state are
known to be the difference of thermal ex-
pansion coefficients for the condensate, X,
and the substrate, A, (AL = A,—X,), and the
"atomic peening” condensation strains due
to deposited particle bombardment of the
growing coating [12]. Assuming the "atomic
peening” strains to depend slightly on the
substrate type at a relatively large conden-
sate thickness, the observed differences be-
tween the condensates deposited onto Si and
Ni substrates may be explained by the AA
difference. The evaluations show that the
macro-strain values obtained might be the
case at Ag<<A~\yj. It is to note that the

compressive macro-strain values in the con-
densates deposited onto the rough alumi-
num and beryllium substrates were lower,
not exceeding —0.25 %.

Taking into account the macro-strain ef-
fect, it is possible to determine the lattice
parameter in the "non-stressed” section
from the a—sin?y plot. This parameter is
related only with structure state of the lat-
tice itself. The values of the "non-stressed”
lattice parameters are presented in Table
for all the compositions and deposition tem-
peratures used. In the Table, the reduced
parameter values are given, which include
the elemental composition variations in the
metallic sub-lattice (Ti/W ratio in Fig. 1) at
higher deposition temperature compared to
the lowest one (80—-250°C). The reduced pa-
rameter (a,,;) was calculated according to
Vegard‘s rule for substitution solutions
from the experimental value ain using the
equation a,,; = a;, + ACK. Here ACy; is
the difference between titanium atomic con-
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Fig. 10. Effect of the substrate temperature
on the sub-structure features of nano-crystal-
line WC-TIiC system condensates obtained by
sputtering the targets of different composi-
tions: (a) 31 mol.% TiC—-69 mol.% WC (sili-
con substrate), (b) 21 mol.% TiC-79 mol.%
WC (silicon (I, 2) and beryllium (3, 4) sub-
strates), ¢ — 15 mol.% TiC-85 mol.% WC
(silicon (I, 2) and beryllium (3, 4) substrates).

centrations in the condensates deposited at
low (80-250°C) and high (above 500°C) sub-
strate temperatures. The K value is deter-
mined by the lattice parameter increase due to
substitution of 1 % W atoms by Ti atoms in
the carbide, and estimated to be 6.3:1073 nm
(a1ic = 0.4330 nm, apg yc = 0.4267 nm
[15]). Thus, comparing the values of the
reduced parameters for the coatings depos-
ited at high condensation temperature
(@,,9(T,)) with the "low temperature” pa-
rameter (a,.,4(Tgy/950c)) and using the data
from [15], we could estimate the variation
of the carbon atomic concentration in the
carbide.

Functional materials, 14, 4, 2007
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As it is seen from Table, at the conden-
sation temperatures lower than 500-560°C,
the composition  remains close to
stoichiometric one in carbon atoms, i.e. x~1.
At 700°C deposition temperature, and par-
ticularly at temperatures of 800-850°C, a
significant x decrease down to the critical
value of 0.74 is observed. This value is the
critical because at lower x values, decompo-
sition of the solid solution followed by for-
mation of a multiphase condensate takes
place.

In general, it could be noted that the
condensation temperature rise results in de-
creasing lattice parameter. Such the lattice
parameter variation is related with increas-
ing specific contribution from the metallic
bond as the condensation temperature in-
creases as well as with high concentration
of non-equilibrium vacancies formed in the
carbon sublattice.

The average crystallite sizes and micro-
strains were calculated by usual technique
[16] using two reflection orders. In Fig. 10,
the plots are shown for the condensates de-
posited from three types of the targets. It
should be noted that the substructure char-
acteristics of the condensates deposited onto
beryllium substrates in the whole tempera-
ture range correspond to (W,Ti)C solid solu-
tion nano-crystallites, while at a relatively
low Ti atomic concentration and deposition
temperature 850°C on the silicon substrate,
the solid solution decomposes, and besides
of the (W,Ti)C solid solution crystallites (or
of WC and TiC formed due to (W,Ti)C solid
solution decomposition), the crystallites of a
lower tungsten based carbide phase (W,C)
or the crystallites with a BCC lattice inher-
ent in a—W phase are formed (Fig. 6).

As it is seen from Fig. 10, at relatively
low deposition temperatures, a charac-
teristic variation of substructure features
in the single-phase condensates is observed:
the coherence length increases and the
micro-strains decrease as the deposition
temperature rises. However, in the tempera-
ture range from 700 to 900°C, where the
processes of the second phase pre-precipita-
tion and precipitation are possible, a reverse
behavior is observed. In this area, at first
the micro-strain increase in the solid solu-
tion crystallites occurs, while the crystallite
average size decreasing. At high titanium
atomic concentration (15! series) as well as
at condensation onto the rough beryllium
substrate, the crystallite sizes increase up
to the highest condensation temperature,
while the crystallite micro-strains either de-
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crease monotonically or slightly increase
in the temperature range of 700 to 850°C
(Fig. 10).

A diminution of the average crystallite
size and increase of micro-strain value in
the (W,Ti)C solid solution phase or in the
B—WC constituent could be connected with
formation of a multi-phase material on the
silicon substrate at high deposition tempera-
ture (850°C). For the condensate with the
lowest titanium content (obtained from the
3rd target sputtering), the second major
phase was a—W phase besides of the (W Ti)C
solid solution (Fig. 6c,d). The o—W crystal-
lites showed a relatively low micro-strain
level (0.08 %), and the a—W crystallite av-
erage size (about 6 nm) was smaller com-
pared to the solid solution (W,Ti)C crystal-
lites. As the condensate thickness grew, the
(W, Ti)C solid solution crystallite average
size increased and the micro-strains de-
creased (see, for example, Fig. 10b).

The analysis of the condensate structure
state indicates that after the solid solution
decomposition, the predominant orientation
remains in the carbide phase crystallites,
while the o—W metallic phase crystallites
formed due to carbon escape are non-ori-
ented. A typical diffraction spectrum meas-
ured using Bragg-Brentano focusing is pre-
sented in Fig. 6d. In this connection, the
carbon atomic diffusion under the high-tem-
perature crystallite formation could result
in the metallic binding strengthening and
disorients the o—W crystallites. Thus, the
absence of o—W crystallite predominant ori-
entation along with remaining both the
(W,Ti)C solid solution and WC and TiC tex-
tures indicates the important role of Me-C
binding for the formation of highly oriented
crystallites in ion-plasma condensates of the
quasi-binary carbide system.

To conclude, in the condensates deposited
using the ion-sputtering of the quasi-binary
WC-TIC targets, the formation of the sin-
gle-phase (W,Ti)C solid solution with the
cubic lattice inherent in TiC phase takes
place within a wide concentration range. At
the relatively low condensation temperature
(<300°C) no significant structure differ-
ences have been observed independently of
the substrate type and roughness level
thereof. The characteristic predominant
[100] orientation has been revealed in the
condensates deposited onto the smoothly
finished silicon substrate (as well as onto
glass ceramic and nickel substrates) at the
condensation temperatures exceeding 300°C.
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Under the high temperature ion-plasma
deposition, the multiphase formation of the
quasi-binary WC-TIC carbide on a silicon
substrate smooth enough correlates with the
[100] growth texture development in the
solid solution crystallites, which manifests
itself most at the condensation temperature
700°C. The textures with [100] axis perpen-
dicular to the growth plane results in ap-
pearance of easy diffusion ways, followed
both by changing the diffusion processes ki-
netics and the steep lattice parameter de-
crease (Table).

At atomic ratios Ti/W<0.25 and conden-
sation temperatures exceeding 850°C on the
finished substrate, four phases are formed
instead of a single-phase (W,Ti)C solid solu-
tion: B—WC (NaCl type lattice); TiC (NaCl
type lattice); a—W (BCC lattice) and traces
of W,C (hexagonal lattice). Under deposi-
tion onto rough beryllium (as well as onto
aluminum to T.,<600 °C) substrate, neither
the crystallite predominant orientation in
the whole temperature range, nor the solid
solution decomposition into lower carbides
at 850°C deposition temperature was ob-
served. The (W,Ti)C solid solution formed on
the nickel substrates remains practically
stable.

Application of the X-ray multiple oblique
scans for macro-strain measurements has
revealed a regularity characteristic for the
condensates: the (W Ti)C solid solution sta-
ble state up to high temperatures are ob-
served in the condensates subjected to high
compressive strains. This is the case both
for the condensates deposited at low tem-
peratures (300°C and lower) onto all the
substrate types, and for those deposited at
high temperature onto smooth substrates
with a high thermal expansion coefficient.
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BnauB tepmiunoro ¢gpakTopa Ha mpouec (pa3o0yTBOpPEeHHH,
CTPYKTYPY, CYOCTPYKTYPHI XapaKTepHUCTHKH Ta
HANpPYysKeHUH CTAaH HAHOKPHCTAJIYHMX iOHHO-IJIA3MOBHUX
KOHaeHcaTiB KBasioimapuoi cucremu WC-TIiC

0O.B.Co60oav

MetogaMu HMIMPOKOKYTOBOI PEHTreHiBCbKOI gudparToMeTpii Ta peHTreHo(JIyOpecIeHTHOTO
CIIEKTPaJIBLHOTO aHaJIidy BUBUEHO BILINB CKJAAY MaTepiaay, II[0 POSHMIIOETHCA, Ta TeMIlepaTypu
ocayKeHHA Ha (DasoBUil Ta eJIEMEHTHUI CKJAJ, CTPYKTYDPY, CYOCTPYKTYPHI XapaKTEPUCTUKU Ta
HAIIPYsKEeHUH CTAaH i0HHO-IIa3MOBUX KOHAeHcariB KBasibimapmol cucremm WC-TIC. BeranoBae-
HO, IO 30i/JbIIIEHHS BiIHOCHOIO ATOMHOI'O BMICTy THTAHY B KOHIEHCATL IIPU3BOLUTH MO ITiIBH-
IIeHHA BEePXHBbOI Mexki Temmeparypnoi crabinbHocti ommodasuoro ((W,Ti)C-rBepauii posuun)
crady npu aromuomy cmiBeigmomenai Ti/W>0.35 go 950°C. Ilpu aTromHOMY CcliBBigHOIIEHHI
aromiB Ti/W<0,25 i remmeparypi ocamxenns suine 800°C yrBoproeTsest 6araTodasoBuil KOHIEH-
car, AKHUil cKiIagaeThesa 3 Hmkuoro kapbiny W,C, mpaxruuro umcroro o—W 3 OIIK pemritkoro,
WC ra TiC ¢as, saki yrsoproworsesa BHacaigok posmnaxy (W, Ti)C-tepmoro posuuny. Ilpu dopmy-
BaHHI OZHO(ASHOTO TBEPAOTO POSUMHY PO3MIip KPUCTAIITIB 3 HiJBUIIEHHAM TeMIepaTypu KOH-
neHcarii 86iybiTyeThes, a BeqnunHa Mikpogedopmarnii — smenmryetbes. [Ipu opmyBanHi Gara-
TO(ha30BUX TOKPUTTIB cepefHill po3Mip KpUCTAIITIiB 3MeHUIyeThCS, & PiBeHb MikpogedopMmalril
80inbiryerbesi. IIposeneno ouninky Bmicty Byraerio y (W, Ti)C-TBepmomy posuuHi, Ta BCTAHOBJIEHO
KPUTHUYHY TeMIlepaTtypy ocagxeHHa 700°C, Bume 3a AKY IHTEHCHBHO YTBOPIOIOTHCA BaKaHCii y
ByIUIeleBiil migrpartii kapbizy. O6roBopioroThea (hisumuHi mpuyuHU edeKTiB, 10 CIOCTEPIraioTh-
cd, 1 BUABJIEHUX 3aKOHOMipHOCTel.
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