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The influence of the deposition temperature of TiC-WC quasi-binary system ion-plasma coatings (mag-
netron scheme) of different composition is investigated. The substantial expansion of the probable struc-
tural and substructural states under nonequilibrium conditions of receiving a material from ion-plasma
fluxes is demonstrated. The composition changes from monophase (Ti, W)C to two-phase (Ti, W)C and
a-W:2C, the structure — from the nontextured one to the texture with the axes [111], [100] or [110]. The type
of the texture depends on the deposition temperature and composition. When the state on the substructur-
al level is monophase the increase of the substrate temperature leads to the increase in the size of crystal-
lites and microstrain reduction. Creating the second phase determines opposite effects — reduce the size of

the crystallites coverage and increase microstrain.

Keywords: Ion-plasma coatings, Quasi-binary TiC-WC system, X-ray diffraction, Phase composition, Tex-
ture, Substructure, Thermal factor, Heat of the formation.

1. INTRODUCTION

The nonequilibrium state of the material when it is
deposited from ion-plasma fluxes makes its structure
extremely sensitive to the thermal factor [1-7]. This
thermal sensitivity is especially vivid when the conden-
sates of solid solution are formed [5-12].

The aim of the paper consists in establishing the
regularities of the thermal factor influence on the
phase composition formation, structure and substruc-
tural characteristics of ion-plasma condensates quasi-
binary system WC-TiC are received by the magnetron
sputtering.

2. EXPERIMENTAL

The coatings have been received by the ion sputter-
ing (magnetron scheme) of hot pressed targets with
different volumel contents of their constituent WC and
TiC components (from 5 mol.% to 100 mol.% TiC). The
planar magnetron scheme has been used for sputtering.
The sputtering has been carried out in the medium of
the inert gas Ar under the pressure (2—3) mTorr. Mono-

a

PACS numbers: 81.07.Bc¢, 81.15.Cd, 61.05.cp,
64.60.My, 64.70.Nd, 68.55.jm, 61.50.Ks

crystallic silicon, 370 pm thick, served as a substrate.

The phase composition, structure and substructure
of condensates have been researched by the methods of
X-ray diffractometry on the apparatus DRON-3M in
Cu — K, radiation. Substructural properties have been
defined by the method of approximating the diffraction
line profile form [13].

Surface morphology has been investigated on the
scanning electron microscope JEOL JSM-840, and the
composition has been defined on fluorescent data by the
method of energy-dispersive spectroscopy (EDX).

3. RESULTS AND DISCUSSION

The coatings received at low deposition tempera-
tures have had a nanocrystalline non-oriented struc-
tural state (Fig. 1a). When the temperature rises the
oriented structure with the fibrous morphology is being
formed. In the Fig. 1b the fracture of the coating is
shown, on its side surface the longitudinal fibers that
have the size 10-15 nm in the plane of a parallel sub-
strate are seen. The height of columns is 100-200 nm.

Fig. 1 — Photos of the coating side section with the composition 5 mol.% TiC — 95 mol.% WC received at Ts = 570°K (a), Ts = 970°K (b)
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The phase state analysis on the basis of X-ray
diffractory data concerning the spectra of coatings
received at Ts=570 K with different content of the
constituents (Fig. 2) has shown that a monophase
structural state of the solid solution carbide (Ti, W)C is
being formed (structural type NaCl, the overview of the
lattice is displayed as an insertion in the Fig. 2). When
the content of TiC component increases the transition
from a non-textured state to a preferred orientation
(200)  (with  the  composition 10 mol.% TiC —
90mol% WC) takes place. When the content of TiC
component is more a preferred orientation (111) of
crystalites is being formed.
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Fig. 2 — Plots of diffraction pattern from TiC-WC quasi-binary
system coatings (7% = 570 K) for the sputtering target composi-
tions: 1 -5 mol.% TiC — 95 mol.% WC,

2 —10 mol.% TiC — 90 mol.% WC,

3 — 50 mol.% TiC — 50 mol.% WC,

4 — 75 mol.% TiC — 25mol.% WC,

5 —90 mol.% TiC — 10 mol.% WC

The deposition temperature increase to 770 K under
the small content of titanium gives rise to the axes of
texture [100] and [111] (spectra 1 and 2 in the Fig. 3),
and a great titanium content (and more than
50 mol.% TiC component correspondingly) — to the
preferred orientation with the axis [111] (Fig. 3).
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Fig. 3 — Plots of diffraction pattern from TiC-WC quasi-binary
system coatings, (75 = 770 K) for the sputtering target compo-
sitions: 1 — 10 mol.% TiC — 90 mol.% WC,
2 — 20 mol.% TiC — 80 mol.% WC,
3 — 50 mol.% TiC — 50 mol.% WC,
4 — 75 mol.% TiC — 25 mol.% WC,
5—90 mol.% TiC — 10 mol.% WC
The higher deposition temperature 7s =970 K and a
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small content of TiC component form a diphase state:
apart from the (Ti, W)C phase crystallites with the
(200) preferred orientation the formation of tungsten
carbide with lower carbon content (W2C) takes place.
According to HRTEM (high resolution transmission
electron microscopy) the phase separation leads to the
formation of the cellular ordered structure with the
average size of the cells 5 nm.

When the target has a composition of 10 mol.% TiC
— 90 mol.%WC we can witness the formation of the mo-
nophase (Ti, W)C state with the preferred orientation
of the plane (200) parallel to the surface (see Spectrum
2 in the Fig. 4). The greater TiC content forms a tex-
ture (111).
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Fig. 4 — Plots of diffraction pattern from TiC-WC quasi-binary
system coatings (75 = 970 K) for the sputtering target compo-
sitions: 1—5 mol.% TiC — 95 mol.% WC,

2 —10 mol.% TiC — 90 mol.% WC,

3 — 50 mol.% TiC — 50 mol.% WC,

4 — 90 mol.% TiC — 10 mol.% WC,

5 — 100 mol.% TiC (a);
electron microscopic photo of the coating with the composition
5 mol.%TiC — 95 mol.% WC (b)

The elemental analysis carried out by energy dis-
persive X-ray spectroscopy (Table 1) has shown that
received coatings are depleted by light atoms. It can be
connected with the secondary sputtering during the
growth of coatings [14]. The increase in titanium con-
tent contributes to the relative growing content of car-
bon in the coating. It should be mentioned that TiC has
high heat of formation (~183.8 kd/mol). The heat of
formation of WC is considerably lower (—37.7 kJ/mol)
and a compound is less stable.
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Table 1 — The composition of coatings received at 7s =970 K

with different correlation of the target constituents (corre-
sponds to Fig. 4)

No of the The composition of the coating, at.%
spectrum in Fig. 4| Ti W C
1 2.6 63.3 34.1
2 6.1 56.1 37.8
3 30.9 27.8 41.3
4 48.1 10.3 41.6
5 51.2 48.8

At the deposition temperature Ts = 1070 K and the
lowest content of titanium carbide (5 mol.% TiC) the
structural state is determined by the lowest carbide
W2C (spectrum 1 in Fig. 5). The growth of TiC compo-
nent content up to 50 mol% forms two texture axes
[100] and [111]. Thus, the higher temperature makes
the texture [100] remain till there is a higher TiC com-
ponent content.

1000 o o
900 1= Q 293
2 SRS
800 z 55483
700, S 9\ 5
5 60047 T \ /ﬁ
< 500 B
™ 4001 s~
3001
200 o~
100+ - ~

0 : . . . .

20 30 40 50 60 70

206, deg

Fig. 5 — Plots of diffraction pattern from TiC-WC quasi-binary
system coatings (7s = 1070 K) for the sputtering target compo-
sitions: 1—5 mol.%TiC — 95 mol.% WC,

2 — 10 mol.% TiC — 90 mol.% WC,

3 — 20 mol.% TiC — 80 mol.% WC,

4 — 50 mol.% TiC — 50 mol.% WC,

5 — 75 mol.% TiC — 25 mol.% WC,

6 —90 mol.% TiC — 10 mol.% WC

The method of approximating the profiles of diffrac-
tion lines studied the substructure (the size of crystal-
lites, microstrain). In a monophase state the growing
temperature makes the size of crystallites increase
(Fig. 6). When the two-phase appears there takes place
a reverse course of correlation with the inflection of
about 970 K (for the composition 5 mol.% TiC —
95 mol.% WC) and more than 1170 K (for the composi-
tion 27 mol.% TiC — 73 mol.% WC).

The analogous change in the trend of curve when the
two-phase appears is observed in the correlation of mi-
crostrain with the substrate temperature during deposi-
tion (Fig. 7). In this case in a monophase state the mi-
crostrain is reduced while the temperature increases,
and two-phases facilitates growing microstrain.

4. CONCLUSION

1. At a low deposition temperature (less than 770 K)
in ion-plasma TiC-WC quasi-binary system conden-
sates the single phase — carbide (Ti, W)C — forms in the
whole concentration range.
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Fig. 6 — The dependence of the size of crystallites (Ti, W) C of
substrate temperature. Composition:

1 -5 mol.% TiC —95 mol.% WC,

2 — 10 mol.% TiC — 90 mol.% WC,

3 —23 mol.% TiC — 77 mol.% WC,

4 — 34 mol.% TiC — 66 mol.% WC
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Fig. 7 — Change of microstrain (Ti, W)C crystallites because of
the substrate temperature during deposition. Composition:

1 -5 mol.% TiC — 95 mol.% WC,

2 — 10 mol.% TiC — 90 mol.% WC,

3 —23 mol.% TiC — 77 mol.% WC,

4 — 34 mol.% TiC — 66 mol.% WC

2. In a monophase state the growing substrate tem-
perature on the substructural level increases the size of
crystallites and reduces the microstrain.

3. The highest perfection structure is formed at the
temperature 570-770 K in case of equiatomic composi-
tion of metallic atoms.

4. The low content (about 10 at.%) of the second el-
ement atoms (Ti in the basis of W or W in the basis of
Ti atoms) leads to low perfection of the substructure
(great microstrain and a small size of crystallites).

5. The formation of a-W2C phase at the temperature
more than 970 K and high tungsten content is deter-
mined by the reduced carbon content as a result of the
low heat of formation in the system W-C.

6. Increasing deposition temperature stimulates the
fact that the axis of preferential growth of crystallites
appears. Depending on the deposition temperature and
the composition the axes of preferential growth are
represented by [111], [100] or [110].

7. The preferred orientation [100] is arisen by the
lack of carbon, and the transition to the texture [111] is
observed when the relative carbon content in the coating
increases.
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Biusauune repmudeckoro pakropa Ha pa3oBO-CTPYKTYPHBIE U CYOCTPYKTYPHBIE€ COCTOTHUA
HOHHO-IIAa3MEHHBIX IMOKPLITUI KBasudbuuapuoi cucremsl TiC-WC

0.B. Co6omarl, O.A. HloBromisac?

1 Hayuonanvrbiil mexuuweckull ynusepcumem “XITH”, yn. @pyuse, 21, 61002 Xapvros, Ykpaura
2 Cymceruli eocyoapemeennbili ynusepcumem, ya. Pumcrozo-Kopcarosa, 2, 40007 Cymot, Yipauna

IIpoBenens! ncciie[0BaHUS BJIMSIHUS TEMIIEPATYPHI OCAMKIEHUS] MOHHO-ILIA3MEHHBIX ITOKPBITUM (MarHe-
TpoHHAas cxema) kBasubuHapHoi cucteMbl TiC-WC pasuoro cocrasa. ITokasaHo cyiiecTBeHHOe pacIIupeHne
BO3MOKHBIX CTPYKTYPHBIX U CYOCTPYKTYPHBIX COCTOSIHHM I[P HEPABHOBECHBIX YCJIOBUSIX IIOJIyYEHUsI MaTe-
puajia M3 HMOHHO-IIa3MeHHBIX moToKoB. CocraB mamensiercs ot omuodasmoro (Ti, W)C k aByxdasmomy
(T1, W)C u a-W2C. CrpykTypa — OT HETEKCTypHUPOBAHHOM K Tekcrype ¢ ocsimu [111], [100] mrm [110]. Tun
TEKCTYPBI 3aBUCHUT OT TEMIIEPATYPHI OCakIeHus U cocTaBa. [Ipu ogHodasHoM cocTosTHUY Ha CyOCTPYKTYPHOM
YPOBHE IOBBIIIEHNE TEMIIEPATYPHI IOJIOMKKH IPUBOAUT K YBEJIMYEHUI0 PA3MEPOB KPUCTAJIINTOB U YMEHb-
mennio Mmukponedopmaruu. O6pazoBanme BTOpoi ¢ras3bl MPUBOIUT K 00paTHBIM addeKTaM — IMOBHIIIEHUIO
IACIIEPCHOCTY TIOKPHITUS U YBEJIMUYEHUIO MUKPOIedOPMAITUH.

Kimouersie cnosa: Nouno-miasmenusie nokpbitust, Keasubuuapuas cucrema TiC-WC, PentrenocrpykrypHbie
uccrenosanusi, Oazoserit cocras, Texcrypa, Cyberpyrrypa, Tepmuraeckwnii dparrop, Terwtora o6paszosanusi.

Bruius repmiunoro ¢pakTopa Ha pa3oBO-CTPYKTYPHI i1 CyOCTPYKTYpPHI cTaHn
iOHHO-IIJIa3MOBUX MOKPUTTIB KBa3idimapuoi cucremu TiC-WC

0.B. Co6oup!, O.A. llloBromisac?

v Hauyionanvruii mexuiuruil yuisepcumem “XIII”, eyn. @pynaze, 21, 61002, Xapkis, YVrpaina
2 Cymcoruil depocasHull yHigepcumem, 8yJ. Pumcvrozo-Kopcakosa, 2, 40007, Cymu, Yipaina

IIpoBeneHi mocmif:keHHs BILIMBY TEMIIEPATYPU OCAKEHHS 10HHO-IIA3MOBHUX IIOKPUTTIB (MarHETPOHHA
cxema) kBasibinaproi cucremu TiC-WC pisuoro ckmamy. [lokasaHo cyTTeBe pO3IMIMPEHHST MOKIUBUX CTPYK-
TYPHUX 1 CyOCTPYKTYPHHX CTAHIB IIpX HEPIBHOBAKHHUX yMOBaX OTPMMAHHS MaTepiaay 3 10HHO-ILIA3MOBUX
norokiB. Crian amiuoerses Bix oguodasuoro (Ti, W)C mo nBodasuoro (Ti, W)C it a-W2C. Crpyrrypa — Big
HETEKCTYPOBaHOI g0 Tekerypu 3 ocamu [111], [100] aGo [110]. Tum TekeTypu 3aJiesKUTH Bi TeMIepaTypu
ocaxeHHA ¥ ckiany. Ilpm ogHodasHoMy cTaHi HA CyOCTPYKTYPHOMY PIiBHI IIIIBUINEHHS TEMIIEPATYPH ITij-
KJIAOKH IIPUBOIUTE 10 30L/IBIIEHHA PO3MIpiB KPUCTAJITIB 1 3MEHIIIeHHS MiKpoaedopMalrii. Y TBOpeHHs apy-
r01 (bas3u IPUBOIUTH 110 3BOPOTHUX €(PEKTIB — MIABHUINEHHIO JUCIEPCHOCT] IIOKPHUTTSA 1 301JIBIIEHHI0 MiKPOIe-
dopmarrii.

Kmiouosi ciosa: Iorno-mrasmosi nmokputrsa, KeasiGinapua cucrema TiC-WC, PertreHocTpyKTypHI I0CTi-
mrenns, ®azosuit ckian, Texcrypa, Cyocrpykrypa, Tepmiunuit parrop, Tertora yrBopeHHs.
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