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Magnetron sputtered CrAlN coatings: correlation between hardness, crystalline
structure and process parameters

Christelle Dublanche-Tixier

1

, Claire Tendero

2

, Cédric Jaoul

1

, Pascal Tristant

1

, Stéphane

Valette

1

, Marie-Hélène Lindic

3

, François Vérinaud

3

.

1

Université de Limoges, CNRS, SPCTS, Limoges, France .

2

CIRIMAT, Institut Carnot,

CNRS-INP-UPS, ENSIACET, Toulouse, France .

3

Groupe HEF, Andrézieux-Bouthéon,

France

tristant@ensil.unilim.fr

High speed cutting tools operate under very demanding conditions (especially high

temperatures) and have to be coated by protective films in order to increase their

lifetime and performances. Up to now, transition metal nitrides (like TiN and CrN) have

been used for cutting and forming tools but their low oxidation resistance (around

500°C) prevents their application for high speed cutting tools for which temperatures

can reach 950-1000 °C. In order to resist to these severe operating conditions, ternary

nitrides (like TiSiN, TiAlN, CrAlN) films are developed. For example, it has been shown

that substitution of chromium by aluminium in the f.c.c. CrN lattice improves the

hardness and oxidation resistance of the film because of the grain size reduction and

the formation of aluminium oxide protective layer on the surface. Furthermore, it has

been reported that CrAlN exhibits higher oxidation resistance than TiAlN films. So it is a

good candidate as an alternative to conventional CrN coatings.

This study focuses on magnetron sputtered CrAlN coatings, deposited on HSS

substrates. The influence of different deposition parameters as nitrogen partial

pressure, total working pressure, bias voltage and substrate temperature on the film

hardness has been investigated. The coatings are characterized regarding their

mechanical properties by nanoindentation and their microstructure thanks to XRD, TEM

and AFM analysis. A correlation is then established between the structure of the films

and their hardness in order to point out a typical nanocrystalline structure signature for

the coatings that meets the requested mechanical properties. Thus, the highest

hardness (33 GPa) has been associated to crystalline (Cr,Al)N solid solution with (220)

preferential orientation and low grain size (10 nm). Finally, the influence of the

deposition parameters is discussed, the more influent parameters being substrate

negative bias and nitrogen partial pressure.
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