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Microstructure and Mechanical Properties of Cr-Al-Si-N Coatings for
Wear Resistant and Structural Applications
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Abstract Cr-Al-Si-N coatings were deposited on WC-Co substrates by a hybrid coating system of arc ion
plating and DC magnetron sputtering technique in No/Ar mixture. The Cr-Al-Si-N coatings were synthesized
with different Si contents. Their microstructure and mechanical properties were systematically investigated.
The average size of crystallites largely decreases with the increase of Si content compared with Cr-Al-N. The
microhardness of Cr-Al-Si-N coatings largely increases from 24 to 55 GPa. The enhanced hardness is believed
to originate from the microstructural change by the fine composite microstructure of Cr-Al-N coatings with Si
addition. The average friction coefficient of Cr-Al-Si-N coatings decreases from 0.84 to 0.45 with increasing Si

content up to 16 at.%.
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Table 1. Typical deposition conditions for Cr-Al-Si-N coatings
prepared by hybrid coating system.

Base pressure

Working pressure
Working gas ratio

Ton bom. bias voltage
Substrate temperature

Arc current for Cr source

Sputter currenta for Al and
Si source

6.6 X107 Pa
26X 10" Pa
Ny/Ar=2:1
-600 V
300°C
55 A

Al (1.4 A), Si (0~22 A)

Deposition time 60 min
Typical coating thickness ~2 um
Rotational velocity of substrite 25 rpm
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Fig. 1. Compositional changes of Cr-Al-Si-N coatings as a
function of Si sputter current at fixed Cr arc current of 55 A
and Al sputter current of 1.4 A.
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Fig. 2. XRD patterns of Cr-Al-N and Cr-Al-Si-N coatings with
various Si contents.
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Fig. 3.Cross-sectional selected area diffraction patterns
(SADP), and dark-field TEM images. (a) Cr-Al-N, (b) Cr-Al-
Si(8.7 at.%)-N, and (c) Cr-Al-S (16 at.%)-N coatings.
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Fig. 4. XPS spectra near the binding energy of Si 2p for the
Cr-Al-Si-N coatings with various Si contents.
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Fig. 5. Microhardness of the Cr-Al-Si-N coatings with various
Si contents.
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Fig. 6. The friction coefficient and SEM images of wear track after sliding test. (a) Cr-Al-N, (b) Cr-Al-Si(8.7 at.%)-N, and (c)

Cr-Al-Si(16 at.%)-N coatings.
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