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Influence of Cu Composition on the Mechanical Properties and Microstructure
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Abstract

Quinary component of 3um thick Ti-Al-Si-Cu-N films were deposited onto WC-Co and Si wafer
substrates by using an arc ion plating(AIP) system. In this study, the influence of copper(Cu) contents
on the mechanical properties and microstructure of the films were investigated. The hardness of
the films with 3.1 at.% Cu addition exhibited the hardness value of above 42 GPa due to the micro-
structural change as well as the solid-solution hardening. The instrumental analyses revealed that the
deposited film with Cu content of 3.1 at.% was a nano-composites with nano-sized crystallites (5-7 nm

in dia.) and a thin layer of amorphous Si;N; phase.

Keywords : Ti-AI-Si—-Cu-N; Nano-composite; Nano-hardness; Microstructure; Arc ion plating.
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Table 1. Experimental deposition conditions of Ti—AlI-Si—Cu-N coating films.

Base pressure (Torr) 7x10°
Working pressure (Torr) 5x1073
Substrate Temp(TC) 400
N, flow rate (sccm) 400
Target currents (Amp.) Ti-AL 70, Ti-St: 70
’ Ti-Cu; 60 — 100,
Bias boltage (V,) - 100
Thickness (zm) 3
Table 2. Composition of Ti—Al-Si—~Cu—N coating films with EPMA analysis.
Sample Composition (at.%)
Ti Al Si Cu N
Ti-Al-Si-Cu(5.1 at%)-N 34.8 7.8 2.2 5.1 50.1
Ti-Al-Si-Cu(4.2 at%)-N 32.8 9.7 3.1 4.2 50.2
Ti-Al-Si-Cu(3.1 at%)-N 30.5 11.9 3.7 3.1 50.8
Ti-Al-Si-Cu(1.9 at%)-N 29.4 14.1 4.2 1.9 50.4
Ti-Al-Si-Cu(1.1 at%)-N 28.3 15.3 5.2 1.1 50.1
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Fig 1. Hardness and elastic modulus of the Ti-Al-Si-
Cu-N coatings as a function of Cu composition.

S U3 at.% W) Cu H7h=s Ui B
25 FAIsHH 24 "A 0 EAe = st
T Holo] & IS FA F%A2eH, 3.1 at.% o]
A9l Cu #7t= EQ} HATE FAaAF T
olggt A wiste] 3 WA YA Curt F7hE

o w2} Futo] AHYANA sl 2HT ¢
AAtolof A *a}om ASol] JFS vA2 A9
o] o]0 & Qls] et AoR B % k. £
Hizzﬂ 2]olo f?_ q],] Cu7} AR O Z AT }oq
27499 442 Wofeln AstE: A 1Y
OS2 FA4T Aro] Fart dojup= A o= A
29t Qb ol AR B ARt Z7hel o
2 55t SN, Cu®l 240] E7151 511 o]
2 13 ne-(TLADN o] 4] JFE mlAE: A
o= 84 & 4 9lor ol2g At ). shils]
J. C. Ding[9] o] A7 A}t fARE AFS Bl
t}.

% 29 Cu &
AULt. o] FA=

Awisto] w2 H/E 342 Uehy
Z3kg) Futo] 174L et

Fig 2. H/E ratio of Ti-Al-Si-Cu-N films as a function of
Cu composition.
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Fig 3. XRD patterns of the Ti—Al-Si-Cu-N films with various Cu compositions.
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Fig 4. XPS spectra of (a)Ti 2p, (b)Al 2p, (c)Si 2p, (AN Is, (e)O Is for the Ti-Al-Si-

Cu(3.1 at%)-N films.
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Fig 5. TEM images of Ti-Al-films (a) Dark field (b) SADP (c) HR-TEM image for the Ti-Al-Si-

Cu(3.1 at%)-N sample.
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