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Microstructure Characterization and Tribological Properties of TiVCN hard
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Yin-Yu Chang

1

, Jui-Pin Hung

1

, Hsing-Ming Lai

1

, Wolfgang Tillmann

2

, Tobias Sprute

2

,

Markus Dildrop

2

1

National Formosa University, Yunlin, Taiwan 

2

Technische Universität Dortmund,

Dortmund, Germany

yinyu@mail2000.com.tw

TiN coatings have frequently been used as protective hard coatings due to their

excellent tribo-mechanical properties. However, the friction coefficient of TiN coatings,

which depends on the process parameters, is relatively high and makes the use of

essential lubricants neccessary. It is possible to incorporate additional lubricants by

adding vanadium and carbon to TiN, thus significantly improving the tribological

properties and thus, the friction coefficient can be reduced at high temperatures. In

this study, TiVN and TiVCN coatings with different carbon contents were deposited

onto high-speed steels. A cathodic-arc evaporation system with a plasma-enhanced

duct equipment was used to deposit the coatings. During the coating process of

TiVCN, TiN was deposited as an interlayer to enhance adhesion strength between the

coatings and substrates. Reactive gases (N2) and C2H2, activated by the titanium

and vanadium plasma in the evaporation process, were used for deposition. The

bonding conditions of the coatings were analyzed by XPS. The microstructure of the

deposited coatings was investigated by a field emission gun high resolution

transmission electron microscope, equipped with an energy-dispersive x-ray analysis

spectrometer (EDX). Mechanical properties, such as the hardness and Young´s

modulus, were measured by means of nanoindention. In order to investigate the

tribological properties of the coatings, ball-on-disk tests were performed at room

temperature, 200 °C, and 450  °C with a relative humidity of 30% by means of a high

temperature tribometer. The design of multicomponent TiVCN coatings is anticipated

to inhibit the grain growth and to lead to grain refinement effects, which are expected

to increase the hardness as well as the tribological resistance of coatings.
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