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Mechanical evaluation of superhard Ti-Si-C-N coatings
prepared by a hybrid coating system

K. H. Kim, S. H. Kang, M. C. Kang

Abstract
Quaternary Ti-Si-C-N coatings were deposited on WC-Co substrates by a hybrid coating system of arc ion plating
(AIP) and sputtering techniques using Ti and Si targets, in an Ar/N,/CH, gaseous mixture. The crystallinity, bonding
status, and microstructure of the Ti-Si-C-N coatings were measured by X-ray diffractometer (XRD) and X-ray
photoelectron spectroscope (XPS), The micro-hardness of Ti(C,N) and Ti-Si-N coatings were about 30 and 40 GPa,
respectively. As the Si was incorporated into Ti(C,N) coatings, the Ti-Si-C-N coatings having Si content of 8.9 at.%
showed the maximum hardness value of about 55 GPa. In this work, the microstructure and mechanical properties of Ti-

Si-C-N coatings were systematically investigated.
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Table 1 Typical deposition conditions for Ti-Si-C-N
coatings by hybrid coating system

Base pressure 7x107° Torr

Working pressure 5%107* Torr

Working gas CH,/ N, =20/40 sccm
Arc material Ti (99.99 %)

Sputter material Si (99.99 %)

Arc current 60 A

Sputter current 0~22A

Substrate Temperature 300 C

Substrate bias voltage -60V
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Fig. 1 The X-ray diffraction patterns of Ti-C-N and
Ti-Si-C-N coatings with various Si content
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Fig. 2 XPS spectra near the binding energy of Si 2p

for Ti-Si-C-N coatings with various Si

content
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Fig. 3 Cross-sectional HRTEM images and electron
diffraction patterns for Ti-Si-C-N coatings
having different Si contents. (a) 8.9 at. % (b)
15.5 at.%
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Fig. 4 The micro-hardness values of the Ti-Si-C-N
coatings with various Si contents
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