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Abstract: TiN, TiC, ZrN, Ti(C,N), (Ti,Zr)N and (Ti,Al)N hard coatings were deposited on S,
stainless s$ed and high-speal sted substrates by the athodic arc method. The chemical compoasition,
surface demistry, phase compositi on and texture of the @atings were determined by elastic rewil detedion
analysis (ERDA), energy — dispersive X-ray (EDX) spedroscopy, X-ray photoeledron spedroscopy (XPS
and X-ray diffraction (XRD). The influence of the main deposition parameters (reactive gas presaire, arc
current, substrate bias) on the film characteristics was investigated.
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1. INTRODUCTION

Hard coatings based on transition metal nitrides and carbides are widdly used today to
protect materials against wear, abrasion and corrosion [1] — [4]. Due to their remarkable properties
such as high microhardness chemical inertness high wear and abrasion resistance, these coatings
are anployed in various machining applications to improve the performance of tods and
mechanical components.

In this paper, synthesis and characterization d TiN, TiC, Ti(C,N), ZrN, (Ti,Zr)N and
(Ti,ADN films prepared under different deposition condtions by a cathodc arc system are
presented. Various investigation techniques — dastic recoil detection analysis (ERDA), energy —
dispersive X-ray (EDX) spectroscopy, X-ray photodectron spectroscopy (XPS and X-ray
diffraction (XRD) — were used to analyze the main microchemical and microstructural
characteristics of the coatings (eemental composition, surface chemistry, phase composition and
texture). These properties are strongy reated to functional film characteristics such as tribologcal
performance or corrosion resistance.

2. EXPERIMENTAL DETAILS

The perimental setup has been described esewhere [5]. Hard coatings deposition was
performed on dfferent substrates (Si, stainless sed, high-speal sted). The base presaire in the
deposition chamber was of about 10° Pa. Specimens to be coated were ultrasonically cleaned with
trichloroethylene and mounted on a rotating hdder inside the chamber. Prior to deposition, the
samples were sputtered by Ti or Zr ion bombardment (1000V; 5 min.).

The main process parameters for the various coatings were as follows: cathode material -
Ti, Zr, Al; reactive gas - N,, CH,4 (or C,H,); gas presaure Pges = 3 X 10°+ 1 Pa; arc aurrent 1, =
60 +~ 120 A; substrate bias Vs = 15 + 220 V; substrate temperature T=160 +~ 340°C; deposition
time t= 15 + 90 min. For the multiphase compounds deposition (Ti, Zr)N and (Ti,Al)N, different
pairs of cathodes were used (Ti + Zr and Ti + Al, respectively) in a N, atmosphere, whereas for
Ti(C,N) preparation, the reactive gas consisted o a mixture of N, and CH, (or C,H.).

The chemical composition d the films was determined by ERD and EDX techniques. For
ERD measurements an incident 80 MeV Cu'® was used. The detector of the dastically scattered
recoils consisted in an AE pulse ionization chamber and a residual energy silicon cetector placed
inside the ionization chamber. Both the ange of incidence and the ange of exit were 75° rdative
to the sample narmal. The EDX investigations were carried aut by means of a XL-30-ESEM TMP
scanning eectron microscopic. The XPS analysis was performed on a SSX-100 spectrometer
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using monochromated Al Ka radiation (1486.6 ¢V). Spectra were acquired at room temperature,
in a vacuum of about 5 x 10’ Pa, and with a take-off ange with respect to the sample normal of
55°. The analyzed area was of about 1.4 mn¥ and the pass energy was st to 150 eV. In these
condtions, the resolution, as determined by the full width at half maximum (FWHM) of the Au
4f4, peak of a standard gdd sample, was around 1.6 €V. Phase composition and texture were
obtained by XRD analysis using an X-ray DRON diffractometer with CuK o radiation.

3. RESULTS AND DISCUSSION
3.1. Elemental composition

ERD method was used for the investigation d the TiN films deposited at different N,
presares. A typical example of ERD spectra from a TiN film is $own in Fig. 1, where the
computer simulation curve is also plotted (deposition condtions: py, = 10%Pa, Vs = 220V, I,= 90
A). In this case the film composition was: Ti — 44.6%, N — 535%, O — 1.3%, C — 0.6%, from
which an N/Ti ratio of 1.2 was calculated. The presence of a small amount of oxygen and carbon
is due both to residual gas incorporated in the chamber walls and to the contamination curing
sample handing in gpen atmosphere before the composition analysis.

The influence of the N, presaure on the N/Ti ratio is hown in Fig.2. It can be seen that the
variation d the N, presaure in the range 10% + 1 Pa only slightly influences the film stoichiometry,
while a decrease of the presureintherange  10° + 5 x 10° Paresults in a diminishment of N/Ti
coefficient from1.2t0 0.7 .
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In the case of the ternary compounds (Ti,ADN, (Ti,Zr)N and Ti(C,N), the demental
composition of the coatings was obtained by EDX analysis. Examples of EDX spectra for (Ti,
AN and (Ti,Zr)N films are given in figures 3 and 4, respectively. The deposition conditions for
these films were: (Ti,Al)N — Pz = 107 Pa, I4 =50A, I+ =90 A, Vs=220V; (Ti,ZrNN -
Pz = 107 Pa, Iz =120 A, I+=90A, V=220V, wherely; 15 and |, are the currents at
the cathodes of Ti, Al and Zr, respectively. The chemical compositions of the films are given in
Table 1.

Table 1
Chemical composition of (Ti, AI)N and (Ti, Zr)N coatings
Elemental concentration (at. %)
Film Ti Al Zr Fe N ®)
(Ti,ADN 30.9 14.8 - 2.0 43.6 8.7
(Ti,Zr)N 15.3 - 33.0 0.8 49.7 1.2
For these cases, the coatings were almost stoichiometric (the ratios N/Ti + Al and

N/Ti + Zr are of 0.95 and 1.03, respectively). As it is known (e.g. [6], [7]), Ti/Zr or Ti/Al ratios
have a marked influence on the film properties. Our experiments showed that the Ti/Zr or Ti/Al
ratios can be controlled mainly by the arc current values at the corresponding cathodes. For
example, an increase of the |+ from 50 to 90 A resulted in an enhancement of the Ti/Al ratio from
0.74 to0 2.09 (15 was kept constant at 50 A). The experiments also revealed that for the Ti(C,N)
coatings, the N/C ratio was almost the same (within 5-10%) as that given by the ratio of the
reactive gas composition, which was controlled through the gas flow rates of N, and gas
containing carbon (CH, or C;H»).
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Fig. 3 Fig. 4
EDX spectrum for a (Ti,Al)N coating EDX spectrum for a(Ti,Zr)N coating

3.2. Surface chemistry

The compounds formed on the TiN coatings surface (up to a maximum depth of 10 A)
were determined by XPS [5]. The deposition conditions for the films investigated are listed in
Table 2.

Table 2
Deposition parameters for the TiN coatings

Sample Deposition parameters
Pnz (Pa) V(V) la(A) t(min)
1 2x107 225 60 15
2 8x107 225 60 15
3 5x10* 225 60 15
4 8x107 50 60 15
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An example of XPS spectra (sample 1) for Ti 2p, N 1s and O 1s pesks is shown in Fig. 5, where
the peak-fitting procedure, using mixed Gauss/Lorentz (85% G/L) functions, is also presented.
From the spectra analysis (Table 3), it resulted that the coatings are composed from a basic TiN
compound, cvasistoichiometric (N/Ti =1), covered by an oxidized layer, consisting of a mixture of
Ti,Oz and TiNO, with relative concentrations depending on the deposition parameters.
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Fig.5.- XPS spectrafor Ti 2p, N 1sand 0 1s

Table 3
The binding energies (in eV) of the XPS peaks and the atomic
concentration of the corresponding phases

C Ti N 0
Sample C-O,N) | —. Ti,03 . . CN Ti,0s C-O
c-C bonds TN TiNO TINO TN bonds TiON  bonds
| |28 2288%% 4558 4581 | 3958 3970 399.0,400.6| 529.7 23;%71
0, . 0, 0, 0, o) 0, 0, .
ss0% 284 aon  so% 45%  4.4% L6% | 109% oo
, |48 2288%% 4561 4582 | 3960 3972 399.1,400.8| 529.9 f_)%é
srow 204 \ean  72% 6.1%  5.7% L% | 125% o3
286.2 5316,
s |47 2% lass9 4581 | 3059 3072 3990,4008| 5299 5331,
33.5% 3 16206 95% 7.0%  6.1% 20% | 146% 5354

8.8%

12.3%
. | 2887 2288%3; 4556 4580 | 3960 3971 398.9,4005| 529.8 f_)%é
37.9% 41 64%  8.6% 46%  8.6% 25% | 11.9% :
9.2% 10.4%

3.3. Phase composition and texture

3.3.1. Binary compounds TiN, ZrN and TiC

For the binary compounds of type Ti-N, Zr-N and Ti-C, X-ray diffraction patterns
revealed that the coatings consisted, in the most cases, of only the phases 6-TiN, ZrN and TiC,
respectively. However, at low pressures of the reactive gas, slight diffraction peaks of the metal
were also detected (e.g. Ti(110) line, Fig. 7). Typical diffraction patterns for TiN, ZrN and TiC are
illustrated in figures 6 and 7, respectively. One may observe a strong (111) preferred orientation,
as it was commonly reported for the films deposited by this nethod [8], [9]. This particular
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orientation was predicted under the deposition condtions in which the strain energy was dominant
as compared to the surface energy.

Under particular deposition condtions (pn, < 102 Pa; Vs < 20 V), the TiN coatings
exhibited a texture with no preferred arientation (the only detected lines, (111) and (200), had
almost the same intensities).
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Fig. 6- X-ray diffraction patterns for TiN (1) and ZrN (2) coatings

A change of the texture with the variation d the deposition condtions was also dbserved
for the TiC coatings (Fig.7). For certain deposition parameters (reactive gas — C,H,, gas presaure —
4 x 10° + 6 x 10° Pa, Vs> 100V), a typical X-ray diffraction pattern (Fig.7(1)) exhibits dight
and broad dffraction peaks, suggesting that nanocomposite coatings were formed. Following the
deconvdutuion procedure of the line profile described in [10], crystallite size lower than 10 nm
was calculated. It is worth nding that such coatings are superhard, with Vickers microhardness
excealing 4000 HV (the maximum value were of about 5200 HV [11],[12]). One may presume
that these films consist of nanacrystals of TiC imbedded in an a-C:H matrix, the mechanism of the
phase segregation bedng similar to that leading to the formation d the nc — TiN/a — SisN,
nanocomposite (the most studied superhard nanocomposite) [13].
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Fig.7- X-ray diffraction patterns for TiC coatings
1- with CoH,; 2- with CH4

3.3.2. Ternary compounds (Ti,ADN, (Ti,Zr)N and Ti(C,N)

As in the case of the binary compounds, the (Ti,AI)N and (Ti,Zr)N coatings generally
exhibited a texture with a strong (111) orientation. Two X-ray diffraction patterns for (Ti,Al)N
coatings with dfferent Ti/Al ratios are shown in Fig.8. The intensity of the (111) (Ti,ADN line
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increases with the current at the Ti cathode. It can also be observed the diffraction peaks belonging
to Al, indicating that some of the aluminium atoms did not react with nitrogen. Similar behavior
was found for the (Ti,Zr)N coatings (Fig.9): the intensities and the position of the lines depended
significantly on the currens at the Ti and Zr cathodes.
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Fig.8- X-ray diffraction patterns for (Ti,Al)N
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For the Ti(C,N) coatings, the diffraction lines ((111), (200) and (220)) were positioned
between TiC and TiN lines, according to the ASTM specifications. An incresase of the nitrogen
concentration results in a stronger (111) orientation and in a deplacement of the lines towards
higher Bragg angles. This latest effect can be accounted for by the replacement of the carbon
atomsin the TiC lattice by nitrogen atoms, which have smaller dimensions.
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Fig.10- X-ray diffraction patterns for (TiCoeNo.4)
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1— with CHy4; 2 —with CH»

Similar to the TiC films, significant differences were observed between the diffraction
patterns of the (Ti,C)N films prepared either with CH, or with C,H, (Fig.10). For the last case, the
peaks are broader and smaller, specific to a nancstructured film. These coatings are superhard
[11], with microhardnessincreasing from 4000to 4600HV for an increase of the carbon content
in the film in the range 0.5 + 0.8. For a carbon content lower than 0.4 + 0.5, the microhardnesshad
the values (2500+ 3100HV) currently reported in literature.

4. SUMMARY AND CONCLUSIONS

Various binary (TiN, TiC, Zr) and ternary ((Ti,AN, (Ti,Zr)N, Ti(C,N)) metallic hard
materials were deposited onSi and sted substrates by cathodc arc technique. The influence of the
main deposition parameters (reactive gas presaure, arc aurrent, substrate bias) on the chemical
composition, surface chemistry, phase composition and texture of the coatings was investigated in
order to sdect the most suitable condtions to prepare high cuality films.

ERD analysis revealed the dependence of the film stoichiometry N/Ti on the N, presaure
for the TiN coatings. It was found that the N/Ti ratio, with a value of about 1.2, did na depend on
the N, presaure in the range 102 +5x10° Pa, whereas a variation d the presaure from 102 to 5x10
% Paled to a decrease of N/Ti from 1.2 to 0.7. EDX technique was used to determine the demental
composition d the ternary compounds (Ti,ADN, (Ti,Zr)N and Ti(C,N). The eperiments showved
that the Ti/Zr and Ti/Al ratios, which have a significant influence on the film properties, can be
eficiently controlled by the arc aurrents at the corresponding cathodes. In the case of Ti(C,N)
films, the gas flow rates of N, and gas containing carbon (CH,4 or C,H,) decide the N/C ratio in the
coating composition.

From XPS spectra examination, the demental composition and the chemical bindngs
existing at the surface of the TiN coatings were obtained. It was found that a basic
cvasistoichiometrie TiN compound was covered by a layer consisting d a mixture of Ti,O; and
TiNO.

XRD analysis revealed that, in general, the binary metallic ooatings TiN, ZrN and TiC
exhibited a strong (111) preferred arientation. However, under particular deposition condtions, a
texture with no preferred arientation was found. In the case of TiC, the coatings with such a
texture exhibited very high microhardness values, up to 5200 HV. For the ternary compounds
(Ti,ADN and (Ti,Zr)N, the intensities and positions of the diffraction peaks depended mainly on
the currents at the correspondng cathodes. As for the Ti(C,N) coatings, different diffraction
patterns were observed when CH, or C,H, were used for the film preparation: a strong (111)
orientation in the first case and nopreferred arientation in the second ore. For these last coatings,
high microhardnessvalues were measured (4200- 4600HV).
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