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Magnetron sputtered hard and fracture resistant metal-boron-carbon based
coatings

Petr Vasina

1

, Pavel Soucek

1

, Mostafa Alishahi

1

, Saeed Mirzaei

1

, Lukas Zabransky

1

,

Monika Stupavska

1

, Vilma Bursikova

1

, Zsolt Czigany

2

, Katalin Balazsi

2

, Jiri Bursik

3

1

Masaryk University, Brno, Czech Republic 

2

Hungarian Academy of Sciences,

Budapest, Hungary 

3

Academy of Sciences of Czech Republic, Brno, Czech Republic

vasina@physics.muni.cz

Nowadays used hard protective coatings are often based on ceramics. They generally

exhibit high hardness and high stiffness, however, these positive features are often

accompanied by negative brittle deformation behavior. If a crack is formed, it can

easily and rapidly spread which can lead to a sudden premature failure of the coating

as well as the whole coated tool. The current trend in surface engineering is to

sacrifice some of the hardness in favor of enhanced ductility and fracture toughness.

According to the ab-initio models, boron and carbon-based nanolaminates such as

Mo

2

BC should exhibit an unusual combination of high stiffness and moderate ductility

[1]. Nanolaminates with tantalum, tungsten and molybdenum were predicted to exhibit

the best mechanical properties making them the best candidates for experimental

synthesis. These materials (Mo-B-C, W-B-C and Ta-B-C) were sputter deposited at

moderate temperatures employing DCMS or HiPIMS. The coatings are prepared in a

fully amorphous form, as nanocomposite system and also in a fully crystalline form.

The hardness of these coatings was higher than 20 GPa and the fracture resistance

of the coatings is shown to be significantly enhanced compared to the state-of-the-art

protective coatings such as TiN or TiAlN.  The highest hardness achieved was 31.6 ±

0.8 GPa and was coupled with extremely high fracture toughness – it was even

impossible to form a crack in these coatings at extremely high indentation load with

cube corner indenter where both the coatings and the underlying hard-metal substrate

were severely plastically deformed. Only a shear/slip plane defects typical for ductile

materials were detected. Tribotests revealed the formation of the solid state lubricants

Magnéli phases at high temperatures reducing the coefficient of friction. [1] H.

Bolvardi, J. Emmerlich, M. to Baben, D. Music, J. von Appen, R. Dronskowski, J.M.

Schneider, J. Phys.: Condens. Matter. 25 (2013) 045501
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