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Abstract: TiN/(Ti,Al)N layers were deposited by readive athodic arc method on
turbine blade materials. Microchemica, microstructural and mechanicd characteristics of
the layers were analyzed, resulting stoichiometric fil ms with high microhardness and
adhesion, with high oxidation resistance determined by the formation  athin auminafilm
onthe surface
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INTRODUCTION

Over the past yeas, TiN and (Ti,Al)N hard coatings have gained increasing
importance in the cutting tool and different mechanical parts coating to increase their life
time ad performance, due to their attradive properties such as high hardness chemical
stability, goodwea and oxidation resistance{1-2]. In gas turbine engines, higher life time of
the rotor blades can be achieved using coatings which provide a better oxidation resistance.
[3-4].

Hot sedion comporents of the rotors sich as combustors, blades and vanes are
generally made from nickel-based super aloys such as Inconel 718 and nickel based aloy
such as NCK 18 TDA. The operating temperature is limited to 650° C for Inconel 718 and at
approx. 850° C for NCK 18 TDA. Above 650° C the Inconel 718 dloy primary
strengthening precipitate particles coarsen rapidly and induwce lossin strength [5]. NCK 18
TDA alloy presents a higher oxidation resistance in comparison with Inconel 718 cue to Al
migration from the buk materia to its surfaceand the formation of alumina in oxygen
atmosphere. However, it presents a decrease of its drength at both increase or deaease in
the auminum bulk content [6]. The idea of this dudy was to prevent the depletion or the
enrichment with Al of the bulk NCK 18 TDA alloy, by depositinga TiN layer as a diffusion
barrier for Al. In order to have a thin protective layer of alumina on the surface of the rotor
blade, a layer of (Ti,Al)N was deposited on top of TiN layer. (Ti,Al)N is a protective layer
with high oxidation resistance [7-8] and presents the alvantage of naturaly forming onits
surface in open atmosphere, of a dense, highly adhesive, protective Al,O; film, which
prevents further diffusion of environmental oxygen to the mated materia. (Ti,Al)N dso is
also intended to work as an aluminum reservoir for the continuous formation of the dumina
top layer in oxygen atmosphere. TiAl layers were dso deposited in order to study the
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condition for Al migration towards the surface and the change in surface composition at the
temperature increase.

The aim of the present paper is to investigate the properties of TiN/(Ti,Al)N double
stack layered coating, in order to extend the life time of the rotor blades of the gas turbines
under condtions of high temperature oxidation.

EXPERIMENTAL DETAILS

The experimental set-up hes been described in detail s elsewhere [9]. Coatings of TiN,
(Ti,Al)N and TiAl were deposited on a variety of substrates (Si, high speed sted and Ni
base dloy NCK 18 TDA) using arc cathodc method and Ti and Al cathodes in different
atmospheres (N, and Ar for the titanium aluminide).

Prior to the deposition, the samples were ultrasonically cleaned with organic solvents,
mounted on a rotating holder inside the deposition chamber, and then sputtered by Ti ion
bombardment (1000V; 5 min.). Before TiN deposition a Ti interlayer (abou 100 nm thick)
was deposited on the samples, which has no side effect on the properties of the coatings, but
to increase the alhesion on the substrate of the first deposited layer.

The deposition parameters (arc current- Iy a, Nitrogen pressure-py,, bias voltage-Vy)
for TiN and (Ti,Al)N coatings are the following: TiN - Pz = 5.10%+1Pa, V¢ =
150 + 230V, I = 90 +120A; (Ti, AN - py, = 102+10" Pa, la =50A, I =90A,
Vs = 150 + 230 V. TiAl coating was depaosited in argon atmosphere in the following
deposition conditions: pa, = 2+ 4. 102 Py; I ;=80+120A; 1 5 =50+70 AV,
= 220. For &l the depositions the substrate temperature was in the range 150200 °C. The
depositiontimewasintherange 45+ 60min, to obtain about 2 um layer thickness

The microchemical and microstructural characterizaion was made for TiN and
(Ti,ADN layers, separately deposited. “The deposition redpe’ resulted from the best
obtained properties of the individua deposited layers (in terms of stoichiomety, texture,
adhesion and microhardnesy, was used to dbtain the doube stadk layered coating o
TiN/(Ti,Al)N.

Chemicd composition was determined (on Si substrates) by X-ray Photoelectron
Spectroscopy (XPS) and energy dispersive X-ray analysis (EDX) methods. XPS anaysis
was dore with Al K, radiation, using a SSX-100 spedrometer. The elemental composition
of the films was obtained by EDX analysis using a scanning el edron microscope type XL-
30-ESEM TMP. The aystallographic structure was determined by XRD measurements
using Cu K radiation. Oxidation behavior was studied by mass spectrometry of the reciled
ions (MRSI) and XPS methods.

Microhardness (Vickers) measurements were performed with a microhardness tester
(30 gload), using high-speed steel substrates. Film thicknesses were measured by opticd
microscope examination of the a@oss sction throughthe coatings. The scratch test, under
standard conditions, was used to measure the films adhesion.
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RESUL TS AND DISCUSSION

XPSand EDX measurements revealed the dependence of the chemicd compasition
of TiN and (Ti,Al)N layers on the nitrogen presare, cahodic arc aurrents and substrate
bias. Examples of EDX spectra for TiN and (Ti,Al)N films are given in figures 1 and 2,
respectively. The chemical composition of the films, as obtained by XPS, are given in table
1, showing that the obtained coatings were almost stoichiometric (the ratio N/ (Ti + Al) is
abou 0.95).
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Fig.1—EDX spectrum for a TiN coating Fig.2—EDX spectrum for a
(Ti,ADN coating
Pn2=107Pa, I = 90A, V=220 V Pn2=10"Pa, 15 =50 A, I, =90 A,

V=220V
Table1

Chemical composition of TiN and (TiAI)N coatings

Elemental concentration (at. %)
Fil
m Ti Al Fe N o]
TiN 41.2 - 2.9 53.2 2.7
(TIADN 30.9 14.8 2.0 43.6 8.7

For TiN films, the study of the influence of the N, presaure on the N/Ti ratio, showed
that, for a constant arc current, a pressure variation in the range 10% + 1 Pa dightly
influences the film stoichiometry, while in the range 102 + 5 x 10 Paiit results in a sharp
drop of N/Ti coefficient value from 1.2 t0 0.7.

Typical diffradion pattern for stoichiometric TiN is illugtrated in Fig. 4. A
strong (111) preferred orientation is observed, as it was a so reported for the films deposited
by this method[10].
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Fig. 4 — XRD spectra of stoichiometric TiN layer Fig. 5 — XRD spectra of a

(TiADN layer

The Ti/Al ratio in (Ti,Al)N layers can be cntrolled mainly by the arc current
intensities at the crresponding cahodes. For example, an increase of the Iy from 50 to 90
A resulted in a variation of the Ti/Al ratio from 0.74 to 2.09, while | 5, was kept constant at
50 A. (Ti,Al)N coatings generally exhibit a texture with a strong (111) orientation. An X-
ray diffraction pattern for a (Ti,Al)N coating with Ti/Al ratio >1 is wown in Fig.5. The
diffraction peaks belongng to Al indicaes that some of the duminum atoms did not react
with nitrogen. This enables the (Ti,Al)N layer, with Al in excess, to ad as an aluminum
reservoir for Al,O3 formation onto its surface in oxygen atmosphere.
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oxidation

(Ti,Al)N has higher oxidation resistance & compared with TiN. TiN oxidized a
temperatures higher than 200°C (Fig. 6), whereas (Ti,Al)N shows resistance to oxidation up
to atemperature of 600°C (Fig. 7).

The diffusion of Al to the surface of TiAl films, resulting in the formation of Al,Os
layers onto the surface (Fig. 8) was observed in the ase of padycrystalline ¢TiAl coatings.
In the case of amorphous a-TiAl films, obtained at higher argon presaures and lower arc
current on Al cathode than c-TiAl, a negligible diffusion of Al towards the surface took
place; this could be deduced from higher values of Ti* MSRI signal in Fig. 9. In addition,
XRD (Fig.5) and XPS measurements reveded that Al in c-TiAl isnot oxidized remaining in
metalli c form. The results obtained for TiAl aloy coatings indicate that the presence of the
grain boundaries, may play acritical role in the oxidation processs, due to grain boundary-
enhanced dffusion of Al to the surface and subseguent its oxidation at the surface. On the
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contrary, the amorphous aTiAl appeared to inhibit the diffusion of Al to the surface,
resulting only a partial oxidation of Ti.
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Fig. 8 — MSRI spedra for crystaline TiAl dloy Fig. 9 — MSRI spedra for amorphous
TiAl dloy

For TiN films it was observed that over a large range of the deposition parameters
(Pn2 = 2. 10% = 5. 10" Pa, I; = 60 + 130 A and V, = 50 = 225 V), the microhardness
variationis not important (values ranging from 2200 to 2300HV ( o3 were measured). On the
other hand, the microhardness of (Ti,Al)N filmsis greatly influenced by the relative anount
of Ti and Al, present in the coating. As it was aso reported [11-12], Ti/Al ratio hes a
marked influence on the film properties.
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Fig.10 — Microhardnessand adherence (L) Fig. 11 — Microhardness and adherence
(Lo)
of TiN filmson NCK 18TDA of TiN/(Ti,AI)N filmson NCK 18TDA

The influence of the substrate bias on microhardnessand adherenceis presented for
TiN films and for the double stack TiN/(Ti,AI)N filmsin Fig. 10 and Fig.11, respectively.
In the case of TiN coatings with thicknessof abou 2 um, critical loads in the range 36+42
N were measured. (Ti,Al)N/TiN coatings, with individua layer thicknesses of abou 2 um
each, and microhardnessof abou 2540 HV g, and 25380 HV g, exhibit a goodadhesion
on NCK 18 TDA substrate. The critical 1oads measured before exfoliation took place wasin
the range 38+46 N.
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CONCLUSIONS

Double stack layers of TiN/(Ti,AI)N were obtained as protedive layers for high
temperature oxidation for turbine rotors blades. Stoichiometric TiN layer acts as a diffusion
barrier for Al migrationin or out the Ni base alloy. Crystalline (Ti,Al)N layers, with higher
content of metallic Al, has been shown to improve the oxidation resistance, acting in the
same time as areservoir for aluminathin films formation on the surface, to protect the rotor
blades from further oxidation.

ACKNOWLEDGMENTS: The work presented in this paper was supported by Romanian
reseach projed Matnantech 110(204) and PN 03-030202

REFERENCES

1. M. ZLATANoOVIC, P. Stosic, Vacuum, 39/6, 557, 1989

2. HA.JEHN, S. HOFMANN, V.E.RUCKBORN, W.D.MuNz, J.Vac Sci.Technol., A 4/6, 2701,
1986

3. Z.LwuZ.,W. GAO, K. DAHM, F. WANG, ripta Mater., 37(10), 1551-1558, 1997

4. Z.Liu, W. GAO, K. DAHM, F. WANG, Acta Mater., 46(5) , 1691-1700, 1998

5. J HE, G. HAN, S. FUKUYAMA AND K. YOKOGAWA, Acta Mater., 46, 215-223, 1998,

6. L.AIDELSZTAN, F.TANG, JPicAas, G.E.KIM, V.PROVENZANO, J.M.SCHOENUNG,
University of California, Paper FSE004, 2002

7. H.ICHIMURA, A.KAWANA, J. Mater. Res,, Vol. 8, No. 5, p. 109, 1996

8. X. T. ZENG, S. ZHANG, L. S. TAN, J. Vac. i. Technol. A 19(4), 1919-1922, 2001

9. M.BALACEANU, M.BRAIC, D.MACOVEI, M.J.GENET, A.MANEA,D. PANTELICA, V.BRAIC,

F.NEGOITA, J.Optod ectron. Adv. Mat. 4 (1) 107 -114, 202

10. F. RICHTER M. KUHN H. KUPFER F. ELSTNER, Supplement a la Revue "Le Vide: science
technique et applications' N0.275 - Janvier-Fevrier-Mars, 209-217, 19%

11. M.BRAIC, S.ZAMFIR, M.BALACEANU, V.BrAiCc, G.PAVELEScU, A.ZAMFIR,
A.VLADESCU, J.Optod ectron. Adv. Mat. 5, 503-510, 2003

12. K.S. FANCEY, C.A. PORTER, A.MATTHEWS, J.Vac.ci. Technol., A13, 428, 19%



