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Abstract

Microstructure, mechanical properties, and oxidation resistance of TiAIN thin films deposited on

quenched and tempered STD61 tool steel by arc ion plating were studied using XRD, XPS and micro-balance. The
TiAlN film was grown with the (200) orientation. The grain size of TiAIN thin film decreased with increasing Al con-
tents, while chemical binding energy increased with Al contents. When hard coating films were oxidized at 850°C in
air, oxidation resistance of both TiN and TiCN films became relatively lower since the surface of films formed non-

protective film such as TiO,. However, oxidation resistance of TiAlIN film was excellent because its surface formed
protective layer such as ALO; and ALTi,0:s5, which suppressed oxygen intrusion.
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Table 1. Chemical composition of STD61 Steels.
Elem. C Cr Si Mo \% Fe
wi% 0.4 525 1.0 125 | 1.05 | Bal
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Fig. 1. XPS pattern of Tiy, Aly «Ng 5 thin films
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Fig. 2. XRD spectrum of Tio,Aly«Nos thin films on STD61
Steels.
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Fig. 3. SEM fractogragh and AFM image of the Tis i Aly «No s thin film.
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Fig. 4. O.M top view of oxide scales formed after Shr oxidation at 850°C .(x100)
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Fig. 5. 0.M image of oxidized Tio 1 Als (No s thin films for oxidation time at 850°C.
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Fig. 6. X-ray diffraction patterns of various thin films after oxidation during 35hr at 850°C.
(a) uncoated specimen, (b) TiN (c) TiCN (d) Tie. Als Nos
1000 =" We o 4= i} B3], TiN 2 TiCN Z=A9) T Wbk
------ e /i
800 —a-TiN I3 2 Tig1AloNosoll B]31e] oF Ful] 0)Ate] 2}polE RojF 3
1 g TICN
G ST AL N, | ek o2t F4-E Huang 590 i3, Alsir) 218 =]
2 6004, A B YAEE ASER Qs ¢S5 o] Hays}
g ® A=, 22 Qlste] wiet o] gt Fdol WAEA
8 ool e, o] FIE Aagite 2T 4ol Behrz
£ = -
£ 20 D ASBTE $o00) o i A ARE 2218050
" "ok 3hdeh. &, TiN % TIiON whehe] 39 4ksbz7)e)
- s — TR U AR o) Dol A2 AHE 2AGE A e
Oxidation time (min) goba Absi o), vbdol), Tig Ale {Nos 22 Abs}x 7]
wo] WAE Al AsHE °l 254 pge Yy
Eiﬁé; \;;Vs%lgcht gain change of various thin films for oxidation wabe] S EHE U ALABE AR 5Z o 24
e Rria) AHE Qg e*&% FEAAFE ol

A v $3 WSt g 2A sE Aozt dksich
33.2 Uidtsty &3
Fig. 72 TiN, TICN Tie 1 Alo No s 2t2ta) 28] B2 &

< ZAE 850°CelA AFAHE sle Fajzl FA w3}k
= 548t yebd FAdolrt. dicks AlAE<] 2k 6004
A= FAEEe] xo)rt 2thR] ZA vel}z] god}

60003 8-¢ A FREE A Hol& BeiFD Ut}
22, Abshikgo] AETk T AR o 40855 600
£2}b019) TiN, TiCN, TioiAleNosd) FAZ7+E 923}
A #As= Fig. 7 Wl Ade 23l vhehd wpet 2
o] Agtar)® Ak Aol Yehde & 4 9lom,
TioiAlo No 52} A$E 271d% 7b 2 Wastde et

wersich
4.8 E

£ d7lMe FHAER g AHEEE A28
ol STD617 Zwe| WigA wwtez A al=
TiAIN ¥tehg Fate}e] whake] Tzl 3.0 4
dHste) digle) A% A o e AE
o}

1) Tlo 1Aln 4No E—;
thepe] Al Feko
el

2) TieAloNos Hah2 ZAAg

lsted YA

slAs dag e shial



BB - #HE - JOAS - TIAN 2hahe) -4 ek Warsry

AlS) o RR-E Q8] AL uAsE A= dhE,
A YA = F7HE ofxlc

3) 850°CoAHe H7iE ASFAFAT, TiniAl Nos
hsh7) wbebEde] AlLOs ¥ ALTIOsHES] Abskajet
< ¥A5HH, ojeld TS R Ak T
£ AT ZN T R7bA] A2 A ZAY &S
2 AZEY.

>

3128

1. HG. Prengel, A.T. Santhanam, R.M. Penich, P.C.
Jindal, K.H. Wendt : Surf.Coat.Technol., 94-95, 597
(1997).

2. O. Knotek, A. Barimani : Thin Solid Films, 174, pp.51 ~
56 (1989).

3. H.A. Jehn, F. Thiergarten, H. Ebersbacb and D. Fabi-
an : Surf. Coat. Technol., 50, 45 (1994).

4. C. Rebholz, A. Leyland, A. Mattews : Thin Solid Films,
343-344, 242 (1999).

5. W.D. Miunz and J. Gobel, Surf. Eng. 3, (47) (1987).

6. D. McIntyre, J.E. Greene, G. Hakansson, J.E. Sundgren
W. D. Miinz, and J.Appl.Phys. 67, 1542 (1990).

7. H. Ichimura, J. Surf. Finishing Soc. Jpn., 45, 1090
(1994).

8. A. Kawana and H. Ichimura, J. Mining & Mater. Proc.

10.

11.

12.

13.

14.

15.

16.

i7.

18.

19.

681

Inst. Jpn. 108, 868 (1992).

. H. Ichimura and A. Kawana, J. Mater. Res. 8, 1093

(1993).

L. Rebouta, F. Vaz, M. Andritschky, M.F. da Silva, Surf.
Coat. Technol. 76-77, 70 (1995).

JW. Woo, JK. Leg, S.R. Lee and D.B. Lee, Oxid. Met.,
53, 529 (2000).

JF. Moulder, W.F. Stickle, P.E. Sobol, K.D.
Bomben : “Handbook of X~Ray Photoelectron Spectros-
copy”, published by Physical Electonics Inc., 1995.

LH. Lee : Ph. D Thesis, Seoul Nat'l Univ, 1997.

J. Palmers, M.van Stappen : Surf. Coat. Tech., 76-77,
363 (1995).

Jow-Lay Huang and Bor-Yuan Shew :J. Am. Ceram-
ic. Soc., 82(3), 696 (1999).

C. Jarms, H-R. Stock, and P. Mayr : Surf. Coat. Tech.,
108-109, 206 (1998).

N. Birks and G. H. Meier, Introduction to High Tempera-
ture Oxidation of Metals (Edward Anold, London,
1983), 72.

Chung Wan Kim, Kwang Ho Kim ; Thin Solid Films,
307, 113 (1997).

W.D. Miunz : J. Vac. Sci. Technol., A4, 2717 (1986).



