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TiAICN Coatings Deposited by Arc Ion Plating on the Surface of Rings

YANG Li-jun', ZHANG Ze-hui', DANG Xin—an', LI Lin®
(1. College of Mechanical and Electrical Engineering, Shanxi University of Science and Technology, Xi’an
710021; 2. Xianyang HengXin Textile Machinery Co. , Ltd. , Xianyang 712000, Shanxi)

Abstract: The composite TiAICN coatings were deposited by vacuum arc ion plating on GCrl5 rings at low
temperature(145 ‘C). The morphology and characterstics of the coating were analyzed by SEM, EPMA,
XRD, adhesion tester, and microhardness tester. The result show that when the negative bias is small, the
droplet size is big, and the negative bias is high, many dents are left after the droplets’ falling off, and the mi-
crostructure and properties of the coating deteriorate. The droplets refined with increasing arc current. When
the current is 50 A, the negative bias is =100 V, and the deposition time is 50 min, the uniformity and com-
pactness of coating is good, the macro—particles on the coating are uniform and small, the biggest droplet size
is less than 2 ym, and the average thickness of the coating is 2. 2 pm. The microstructure of the coating is im-
proved because of the existence of Fey o75 Tl 025 (110), Ti; N (112) and AlTi; (CN) 5. The adhesion is up to
the maximum 39. 8 N, and the hardness of the coating reaches a maximum of 1 776 HV, (; , which significantly
increases the surface hardness of the ring.
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Table 1 Parameters of deposition conditions

Sample No. Arc current/A Bias/V
1 50 -50
2 50 -100
3 50 -150
4 40 -100
5 60 -100

1.2 Hgellit A%

FH R T R A0 S P B 435 H S S 4800
i LT % 26 T 45 H AR B 2% D/max2000PC X
SR AT SR ASUS 52 T ) R 4L B RN 25 4 s FM- 700 H
ST AR 0 R 1 S AR i 2K e R
10 s, 20 A2 10 g BRI 5 SO 34918 ; fiE &
1R WS—-2005 H# & J1 B 20 IR Ak 47
L IR AT 100 Nk 2% 100 N/min, RIJE £
B 5 mm, RPYE# % 5 mm/min, 7 & S5 S HIL

2 ZER5H9%H

2.1 HRMEEDH

B 1AL 50 AL AT R (1.2 F1 3 5
IS J22 114 2 18 0 BT 10 T 3. AR 67 R (B 1 ()
LCAd) B BRI SORE /D B2 B 1 /N A 3 o 3
TEAE R RE . 29 1 pm, R0 A4 Y JE N
J2 PR Ry 07 A0 ARG s B8 25 o 4 /D o (o 785 9 JEE ) 35
B AN G VR R 2 T 1 P L e Rl
A Bar, )Y SRR IR AR B T AR
A HE 1K, 29 138 2 1y R /N X B R Y 58 o AiOR
26 FEEZ TR R AL, B 1 1,
SR 1) B KoL AR R A B 2 o, R R F /0, B
SIS, WEEEIREA R 2.2 pm, fulw Ik
R (B TR 1D B 72 & E R ZL DR
L 1) JSURL B % o e ST 1 ke s BROE JBORE I 7% I B8
RZMGT, PR RE AL B T B . RT3 R



W 4 5 AT T R IR B TIAICN i 53

(a) -50 V surface (b) -100 V surface (c) -150 V surface (d) -50 V cross-section (e) -100 V cross-section (f) -150 V cross-section

P 1 S T i fi T T 62 194 2 T B T A

Fig. 1 Surface and cross—section morphologies of the films with different bias
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Fig. 2 Surface and cross—section morphologies of the films with different arc current
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Fig. 3 XRD patterns of the films with different bias
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Fig. 4 XRD patterns of the films with different arc current
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Table 2 Chemical composition on the surface of films

(a/ %)

Sample No. C N Al Ti
1 32.72 31. 80 19. 89 15.59
2 31.55 33.10 18. 06 17. 29
3 30. 65 31.99 17.12 20. 25
4 28. 60 19. 64 24.90 26. 85
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Table 3 Hardness of the films and adhesion between the sub-

strate and film

Sample No. Adhesion/N Hardness/HV,_
1 26.1 1538
2 39.8 1776
3 22.1 1437
4 20.7 1713
5 23.8 1753
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Fig. 5 Relation of adhesion and bias

20

45

40 -

351

Adhesion /N

2 L
0 40 50 60

Arc current/ A

Pl 6 BfF 35 IR O B 5% AR il 4R

Fig. 6 Relation of adhesion and arc current

3 5 i

(1) R A 9IS 1 B0 AR 530 2o 8038 9K f 3

A A ORR 20 2 500 i RS )2 1 3 s A AR 2%
PR il £ T TIAICN i,

(2) MR 7 50 AL A fi & —100 V., I IR
BE 145 CL A A4 E 0.3 Pa, B4 K 0.2 Pa, T
YESHE 0.5 Pa, GEERT[H] 50 min B, ] #5149 B )2 2
ARG, £ T ESHCT 6l & 0 2 441
R T Feg ors Tho o5 « T N I ALTi; (CND, ¢ 2
ZRYI R 3 e TR A LG 2
TERER 1776 HV, o0 B3 718 39. 8 NL 425 T8
SR I PERE

&% ik

[1] IRk, = AR OCHE L 25 Aty v 9K 88 7 B I ek PEBIF 58 (D
RifE: REMTRY, 2012, 7.

[2] k3=, molE 748 TiIN R 45 K HAs Mo sE [D.
K. PR, 2008, 7.

[3] FE4kR. fTo0. RER. TIAIN B2 w49 71 Bl & &
I ERERT ST [T, shERE T, 2010, 23(2): 26-29.

[4] Kazuki K, Hiroyuki S, Osamu T. Characterization of mul-
tilayer films of Ti—Al-O-C-N system prepared by pulsed
d. c. plasma—enhanced chemical vapor deposition [J]. Thin
Solid Films, 2001, 390(1/2): 64-69.

[5] Heim D, Hochreiter R. TiAIN and TiAICN depositionin an
industrial PaCVD—plant [J]. Surface and Coatings Tech-
nology, 1998, 98(1/2/3): 1553-6.

[6] Lackner J] M, Waldhauser W, Ebner R, et al. Room tem-
perature pulsed laser deposited (Ti, Al) C,N;j-, coatings —
chemical, structural, mechanical and tribological properties
[J]. Thin Solid Films, 2004, 468(1/2): 125-133.

[7] Ben C L A, Tlili B. Fretting wear of multilayered PVD
TiAICN/TiAIN/TiAl on AISI 4140 steel [J]. Surface and
Coatings Technology , 2006, 201(3/4): 1511-8.

[8] k¥, WM. ZIMEFEMEARSHMH M) Jta. H4
ol k. 2007 87

[9] fefo®e, HSrndf, WEM. TEHWEX TIAIN Z 012 B4
RO (). SedeppRbRl Y 5 TR, 2000, 23(5): 55-58.

(1ol AT, 3k, 2B T5E(Ti, AL Zr) N £ 0 18 58 1 )3 I
Wil B i vefe oy [1]. BBl 5E AR, 2010,
30(3): 329-333.

L1100 ARS8, Bw, mfEan, %, myle 5 & NiCrAlY 3R
2R e ERE [T, ARACK 2243 CA AR O - 2012,
33(5): 727-730.

VB Al : PR VY 2 P 2 T I RR R S R e X 710021
B PR R A L TR
Tel: (029) 8616 8810

E-mail: 914661283@qq. com



