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Quaternary carbonitride systems as protective layers on biomedical implants
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Transition metal carbonitrides have been shown to display remarkable properties such

as high hardness, chemical stability, high wear and corrosion resistance, high thermal

and electrical conductivity making them very useful in various industrial applications.

Recently, a new type of coatings based on concept of quaternary carbonitrides, such

as TiAlCN, TiHfCN and TiCrCN were found to posses improved mechanical and

tribological properties as compared with commonly used TiCN or ZrCN coatings.

The aim of this work was to study the characteristics of ZrTiCN, ZrHfCN and ZrNbCN

protective layers in order to improve the performance and service life of medical

implants. The coatings were prepared by magnetron sputtering method using a mixture

of Ar, N

2

 and CH

4

 gases. Different film compositions were obtained by varying the total

gas (CH

4

+N

2

) flow rate, while maintaining constant the CH

4

/N

2

 flow ratio.

The elemental and phase composition, texture, thickness, roughness, hardness,

adhesion and corrosion behavior of the coatings were investigated using XPS and XRD

techniques, profilometry, Vickers microhardness and scratch adhesion measurements

and electrochemical tests. A special attention was devoted to the biological

investigations. To analyze the colonizing cell capacity of the resulting coatings, the

human osteosarcoma cell line (MG63) was used. Colonization and viability of the films

were monitored by fluorescence microscopy (Hoechst staining) and by MTT assay,

respectively.

Research carried out showed that the mechanical, anticorrosive and biocompatible film

characteristics depended both on the reactive gas flow rate and on the metal type in

the film composition. A better corrosion behavior was found for the films with higher

(C+N)/metal ratios. It has also been demonstrated that the biological compatibility

significantly depended on the elemental compositions and mechanical properties of the

coatings.
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