230

StREHISIR|A|
J. Korean Inst. Surf. Eng
ISSN 1225-8024 (Print) Vol.54, No.5, 2021.
ISSN 2288-8403(Online) https://doi.org/10.5695/JKISE.2021.54.5.230
(ET=2)

ZXTAT Ti-AI-Si-N LS| 3geto| OjMqlx g
E2toj=2X] A0 et

H, 432

I

ox

SIAIALD | S0119) HLIB0| 2| SAHAL | SHIES

= oL

A Study on Microstructure and Tribological Behavior
of Superhard Ti-Al-Si-N Nanocomposite Coatings

Sung-Bo Heo, Wang Ryeol Kim’

Advanced Hybrid Production Technology Center, Korea Institute of Industrial Technology,
Yangsan 50635, Republic of Korea

(Received 05 October, 2021 ; revised 27 October, 2021 ; accepted 30 October, 2021)

Abstract

In this study, the influence of silicon contents on the microstructure, mechanical and tribological
properties of Ti—Al-Si—N coatings were systematically investigated for application of cutting tools. The
composition of the Ti—Al-Si-N coatings were controlled by different combinations of TiAl, and TisSi
composite target powers using an arc ion plating technique in a reactive gas mixture of high purity
Ar and N; during depositions. Ti~Al-Si-N films were nanocomposite consisting of nanosized (T1i,Al Si)N
crystallites embedded in an amorphous Si3N4/SiO; matrix. The instrumental analyses revealed that the
synthesized Ti—Al-Si—N film with Si content of 5.63 at.% was a nanocomposites consisting of nano-sized
crystallites (5-7 nm in dia.) and a three dimensional thin layer of amorphous SisN4 phase. The hardness
of the Ti~Al-Si-N coatings also exhibited the maximum hardness value of about 47 GPa at a silicon
content of ~5.63 at.% due to the microstructural change to a nanocomposite as well as the solid-solution
hardening. The coating has a low friction coefficient of 0.55 at room temperature against an Inconel
alloy ball. These excellent mechanical and tribological properties of the Ti—Al-Si—N coatings could help
to improve the performance of machining and cutting tool applications.
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Fig. 1. Schematic diagram (top—view) of the cathodic arc ion plating system for the Ti—AlI-Si-N films
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Fig. 2. Surface image and RMS roughness of Ti—Al-Si-N
coatings with various Si contents. (a) As—deposited(sub-
strate), (b)Ti-AFSIi(1.54 at.%)-N, (c)Ti~AlI=Si(3.86 at.%)-N,
(d)Ti—AI-Si(5.63 at.%)-N, (e)Ti~Al-Si(6.97 at.%)-N

Table. 1. Composition of Ti-Al-Si-N coating films with TiAl, and TisSi target currents by XPS analysis.
Target currents (A) Compositions (at.%)
Sample ID

TiAlL TisSi Ti Al Si N o)
Ti—Al-Si(1.5 at.%)-N 80 40 22.55 20.59 1.54 49.62 5.7
Ti-Al-Si(2.15 at.%)-N 70 50 23.42 19.51 2.15 49.72 5.2
Ti—Al-Si(3.86 at.%)-N 60 60 25.41 18.09 3.86 47.54 5.1
Ti-Al-Si(4.78 at.%)-N 50 70 2942 12.24 4.78 48.76 4.8
Ti—Al-Si(5.63 at.%)-N 40 80 30.53 10.86 5.63 48.78 4.2
Ti-Al-Si(6.97 at.%)-N 40 90 31.49 7.76 6.97 48.28 5.5
Ti-Al-Si(8.43 at.%)-N 40 100 32.11 6.54 8.43 48.12 4.8
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Fig. 3. XRD patterns of the Ti-AI-Si-N coatings with various
Si contents.
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