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Abstract

In this study, ternary Ti-Mo-N and new quaternary Ti-Mo-Si-N coatings were synthesized on steel substrates
(AISI D2) and Si wafers by a hybrid coating system of arc ion plating (AIP) using Ti target and d.c. magnetron
sputtering technique using Mo and Si targets in N,/Ar gaseous mixture. Ternary Ti-Mo-N coatings were
substitutional solid-solution of (Ti,Mo)N and showed maximum hardness of approximately 30 GPa at the
Mo content of ~10 at. %. The Ti-Mo-Si-N coating with the Si content of 8.8 at. % was a composite consisting
of fine (Ti,Mo)N crystallites and amorphous Si;N, phase. The hardness of the Ti-Mo-Si(8.8 at. %)-N coatings
exhibited largely increased hardness value of ~48 GPa due to the microstructural evolution to the fine composite
microstructure and the refinement of (Ti,Mo)N crystallites. The average friction coefficient of the Ti-Mo-
Si-N coatings largely decreased with increase of Si content. The microstructures of Ti-Mo-Si-N coatings were
investigated with instrumental analyses of XRD, XPS, and HRTEM in this work.
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Table 1. Typical deposition conditions for Ti-Mo-Si-N
coatings prepared by hybrid coating system

Base pressure 6.6X107° Pa
Working pressure 1.8X 10" Pa
Working gas ratio No/Ar = 2:1
Ion Bom. Bias voltage —600 V
Substrate temperature 300°C
Arc currents for Ti source 60 A
Sputter current for Mo and Mo(0.6 A),
Si sources Si(0~1.6 A)
Deposition time 60 min
Typical coating thickness ~2 um
Rotational velocity of substrate 25 rpm
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Fig. 1. Compositional changes of Ti-Mo-Si-N coatings
as a function of Si sputter current at fixed Ti
arc current of 60 A and Mo sputter current of
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Fig. 2. XRD patterns of Ti-Mo-N and Ti-Mo-Si-N coatings
with various Si contents.
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Fig. 4. Cross-sectional HRTEM images, selected area d|ffract|on patterns (SADP) and dark-field TEM images. (a) Ti-
Mo-N, (b) Ti-Mo-Si(8.8 at. %)-N
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Fig. 5. Microhardness values of the Ti-Mo-Si-N coatings
with various Si contents.
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Fig. 6. Friction coefficients of Ti-Mo-N and various Ti-
Mo-Si-N coatings against a steel ball.
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