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Abstract

Quinary Ti-Al-Si-C-N films were successfully synthesized on SUS 304 substrates and Si wafers by a hybrid
coating system combining an arc ion plating technique and a DC reactive magnetron sputtering technique.
In this work, the effect of Si content on the microstructure and mechanical properties of Ti-Al-C-N films
were systematically investigated. It was revealed that the microstructure of Ti-Al-Si-C-N coatings changed
from a columnar to a nano-composite by the Si addition. Due to the nanocomposite microstructure of Ti-
Al-Si-C-N coatings, the microhardness of The Ti-Al-Si-C-N coatings significantly increased up to 56 GPa.
In addition the average friction coefficients of Ti-Al-Si-C-N coatings were remarkably decreased with Si
addition. Therefore, Ti-Al-Si-C-N coatings can be applicable as next-generation hard-coating materials due

to their improved hybrid mechanical properties.
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Table 1. Typical deposition conditions of Ti-Al-Si-C-N
coatings by a hybrid coating system

Base pressure 6.6x10” Pa
Working pressure 1.8x10™" Pa
CH, : N, gas ratio 32
Arc Sputter

Target material Ti,Al Si

(99.99%) | (99.99%)
Arc current for Ti;Al 60 A
Sputter current for Si 0-2.0 A
Deposition time 60 min
Deposition temperature 300°C
Rotational speed of substrate holder 25 rpm
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Table 2. Compositional changes in Ti-Al-Si-C-N
coatings as a function of Si sputter current

Si sputter Ti Al Si C N
current (A) | (at.%) | (at.%) | (at.%) | (at.%) | (at.%)
0 30 9 0 13 48
0.6 25 5.7 47 135 50.6
1.2 19 4.6 9.8 13.6 53
2 152 3.5 15.3 12 54
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Fig. 1. X-ray diffraction patterns of Ti-Al-Si-C-N coatings
with various Si contents.
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Fig. 2. Cross-sectional and Surface SEM images of Ti-Al-C-N (A and a) and Ti-Al-Si(9.8 at.%)-C-N (B and b) coatings.



76 g o /P=RHT

3] 42 (2009) 73-78

9} (a)= Ti-Al-C-N 328 Ehe] kst w9 o]
A& et 2804 B 4 %ol Ti-Al-C-
N Zgue vwd 3y z ddd F4x3
(columnar structure). 2 AFH 7S & § o,
®He] A5 A-EH 2-EH Alolol| mAIE wl ¥
7+ (micro void)e] BA4H A& 1T 5 vk 2

d 29 B)¢ (b= Siel FaEFo] 9.8 at.%l Ti-Al-
Si(9.8 at.%)-N e ute] JTHz} FHe| o]nx| =
YerdT}. Ti-Al-Si(9.8 at%)CNO] - Ti-Al-C-N
off mla w-¢- —7"2}}_1‘,0] ol uj$ mA3F %37 o
2 o|Folx o, ¥ By T2 RS UH
X]—‘E- uH—C,’— x]UHSL sﬂ/\PO i /“ glq_ o] 17‘5} —:.—:]_/\P

Rid

O:

L 783 %233}y 7<—17]-H Si7h ZAA 7 A o A
954 SiNE A5kl &R met F339]
AR GNA EZF3 vj¢ 2o m7)e AP =
Al AR wAsh d4e BAlel bE Aol
I BIEHem? B dpe] Azelr 2 U]
o}, T8k Sie] ZEE Ul A3 AEE Yolrr] ¢
sl XA BHA Y PKPS)E o83t Si 2p A
el

AR E 243 A3} 103.6eVe] 9}
eV

101.0evVe] AFAUAZE 7HAE XA =27}
A en ol z+zh SiN,e Sice] Aol
oF 2 I

ole} & mAH 2

o] H3lE glst7] f&l, Ti-
Al-C-N Z8927} 9.8 at.%2] Si 33

AL-Si(9.8 at.%)-N IR AJHS AA %%Sé 5
7 AW 7 (FE-TEM)S ©| &3 A of 3%
(SADP) 7| oz BAslgth 28 32 Ti-Al-C-N
AR Ti-Al-Si(9.8 at.%)-N SR =] A5k Aok

rSL

Fig. 3. SADP (Selected Area Diffraction Pattern) Images
of T-AI-C-N (a) and Ti-Al-Si(9.8 at.%)-C-N (b)
coatings.
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Fig. 4. Mechanical Properties of Ti-Al-Si-C-N coatings
as a function of Si content: (a) Microhardness,
(b) Average Friction Coefficient.
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