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Abstract

Quaternary Ti-Cr-Si-N coatings were synthesized onto steel substrates (SKD11) using a hybrid method
of arc ion plating (AIP) and sputtering techniques. For the Syntheses of Ti-Cr-Si-N coatings, the Ti-Cr-N
coating process was performed substantially by a multi-cathodic AIP technique using Cr and Ti targets, and
Si was added by sputtering Si target during Ti-Cr-N deposition. In this work, comparative studies on micro-
structure and evaluation of mechanical properties between Ti-Cr-N and Ti-Cr-Si-N coatings were conducted.
As the Si was incorporated into Ti-Cr-N coatings, the Ti-Cr-Si-N coatings showed largely increased hardness
value of approximately 42 GPa than one of 28 GPa for Ti-Cr-N coatings. The average friction coefficient
of Ti-Cr-N coatings largely decreased from 0.7 to 0.35 with increasing Si content up to 20 at. %. In addition,
wear behavior of Ti-Cr-N coatings against steel ball was much improved with Si addition due to the surface

smoothening effect and tribo-chemical reaction.
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Table 1. Typical deposition conditions for Ti-Cr-Si-N
coatings prepared by hybrid coating system

Base pressure 6.6 X 10° Pa
Working pressure 1.8 X 10" Pa
Working gas ratio No/Ar = 5:2
Ion Bom. Bias voltage -600 V
Substrate temperature 320°C
Substrate bias voltage -100 V

Arc currents for Ti and Cr sources 80 A, 40 A
Sputter current for Si source 0~22 A
Deposition time 60 min
Typical coating thickness ~2 um
Rotational velocity of substrate 25 rpm
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Fig. 1. XRD patterns of Ti-Cr-N and Ti-Cr-Si-N coatings
with various Si contents.
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Fig. 2. XPS spectra near the binding energy of Si 2p
for the Ti-Cr-Si-N coatings with various Si
contents.
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Fig. 4. Cross-sectional micrographs of Ti-Cr-Si-N coatings
with various Si contents: (a} Ti-Cr-N, (b) Ti-Cr-Si
(8 at. %)-N, (c) Ti-Cr-Si(20 at. %)-N coatings.

Fig. 3. Cross-sectional HRTEM images, selected area diffraction patterns (SADP), and dark-field TEM images. (a, b)

Ti-Cr-N, (c, d) Ti-Cr-Si(9 at. %)-N.
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Fig. 5. Microhardness values of the Ti-Cr-Si-N coatings

with various Si contents.
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Fig. 6. Friction coefficients of TiN, Ti-Cr-N, and various
Ti-Cr-Si-N coatings against a steel ball.
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Fig. 7. EDS analyses for the wear debris after the sliding
test: (a) Ti-Cr-N, (b) Ti-Cr-Si(8 at. %)-N, (c) Ti-
Cr-Si(20 at. %)-N coatings.
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