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Abstract

In this study, TiAISiN coatings have been successfully synthesized on stainless steel and tungsten carbide
substrate by a hybrid coating method employing a cathodic arc and a magnetron sputtering source. TiAl
and Si target were vaporized with the cathodic arc source and the magnetron sputtering source, respectively.
Process gas was the mixture of nitrogen and argon gas. With the increase of Si content, the crystallinity
and the grain size of TiAISIN film was decreased. At the Si content of more than 8 at.%, grain size of
TiAISIN was saturated at around 2 nm. The hardness value of the TiAISiN film increased with incorporation
of Si, and had the maximum value of ~ 3,233 Hv at the Si content of 9.2 at.%. The oxidation resistance
of TiAISIN film was enhanced with the increase of Si content.
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Fig. 1. Schematic diagram of a hybrid system employing
a cathodic arc and a magnetron sputtering
source for TIAISIN coatings.
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Table 1. Process variables for TiAISiN coatings

Process Variable
Si Content Are Sputter )
(at.%) Power Colil Power 15(3{?)5 Ar (scem)|N, (scem) Tem(;(%;mlre SubStE?It)?n I){otate
(A) (A) (kW)
0 (TiAIN) 70 2 - 100 80 60 RT -
34 70 2 0.29 100 80 60 RT 3
6.7 70 2 0.40 100 80 60 R.T 3
7.9 70 2 0.51 100 80 60 R.T 3
9.2 70 2 0.59 100 80 60 R.T 3
14.4 70 2 1.05 100 80 60 RT 3
18.7 70 2 1.64 100 80 60 RT 3
%14 7 &= (micro-Vickers hardness; Hv) #47]& 50 v v
olg-stel wrete] g BAGSIG B712E of v N Y—"
— Ti
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} e
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3. 4z ¥ 1 2
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Fig. 2. Si contents in TIAISIN coatings as a function of
sputtering power at fixed TiAl arc current of 70 A.
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Fig. 3. Surface SEM images of TiAIN and TiAISiN coatings.
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Fig. 4. Cross-sectional SEM images of TiAIN and TiAISIN coatings.

A 2 gzl Si gl 2791 TIAISIN et
e EAs Agdate] S 2 Wsh gl
Ao g,

23 4= Si-wafer 9o #|ZHE TiAISIN vhete
Si ol wE SEM T ARS yEepdnh AR
ol B 4 A%=o] TIAIN vtetz} Hlwale] Si 3
Fo] S7Fshd TiAISIN BFete] 22 o] AW +=
AT gl 5= Q. ol AL Sio]
7Heel wEt TIAISIN 9Heks A8k Yxksel U
e A7]E Fobd yehd ddez ddEch

TIAISIN 1128 A 3HE YAk 7171 FolAl&
HAFe XRD 4 (Fig. 5)3 grain 2719 gt &

A (Fig. 6)= &3l Z<latdrt.

a9 5= ZEIQlE]2 7Rt 9l AlZE TIAISIN v
ko] §j 3ol wE XRD A AHE HoFEh 1
oAl B 5 9d%o] Sio] THEA] &S TIAIN
o M= TIAIN ZA7do] ERIFANE Si §Hego]
7helH TIAIN Z77¢] A7t Zo]E9HA Si
ol 9.2 at% oldelM = AT FAsE AHA

jag
=

% ol 1

X, o

S HoFET} o]= SEM ©@H ARzlolA] TiAISIN B}
gto] Si o] SUMESE X 24 S zh=d

TIAIN(200), AN(200)

TANG) G TANED TAN@Re g ot gsi
. 14.4 2. %Si
- A 9.2 at.%Si

- —
© .
> \ 7.9 at.%Si

[7]
: -
£ AN 6.7 at.%Si
J\ A P 34at%si
i . AN
20 30 40 5 6 70 8 9
20 (degree)

Fig. 5. X-ray diffraction patterns of TiAIN and TIAISIiN
coatings with various Si contents.

71t Aoz FaE) TIAIN (200) 3=}
ato] of 43.5%) UEht= 9=+ AIN (200) 9=
o] Rog dAgAEHY,

I3 6(a= 1Y 59 XRD AFZEHFE Scherrer’s
Equations ©]&-3le] A4telr] 98] A= TiAIN

AH



178 Svlo} 9]/ EAFT S| 47 (2014) 174-180

18.7 at.% Si
144 at%Si
W

N 79at%Si
N 6.7at%Si
A 34at%Si

T T T

55 ' 60 65 70
26 (degree)
(a)
FWHM : 1.78823+0.01769 6.7 at.% Si
3
g
2
g
2
k=
s s e 6 70 75
26 (degree)
(b)
Fig. 6. (a) TiAIN(220) diffraction peaks of TiAIN and

TIAISIN coatings and (b) Lorentz fitting of TiAl
6.7 at.%SIiN coating.
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Fig. 7. Grain size of TiAIN and TiAISiN coatings cal-
culated with Scherrer’s Equation.

Fig. 8. High-resolution TEM image of the TiAISIN-6.7
at.%Si coating. Six grains were marked with
white lines in this image and the grain size were
similar with calculated value using Scherrer's
equation.
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