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Table 1 Deposition parameters of TiAIN

Parameter Sputte.rlng TiN (Ti, A)N
cleaning

Hollow cathode current/A 140 140 140
Duty ratio/% 80 80 80

Bias voltage/V —-400 -300 -300
Target current/A 75 75 75

Ar/N, flow/cm?® min™ 60/0 40/100  40/100

Deposition time/min 5 15 60
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Table 2 Gibbs energy of part matters on Ti-Al-N system

Binary phase TiN TiAl TiAlz AIN

AG/kJ mol™ -308.3 -88.39 -170.45 -287.0

Ternary phase TisAIN TiAIN  TisAINzgs  AlTisN

AG/kJ mol™ -314.42  -305.28 484.03 —314.42
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Fig.1 Metastable phase diagram of TiN-AIN
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Fig.2 XRD patterns of (Ti, AI)N coatings prepared by

different Ti/Al mosaic targets
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Fig.3 Three-dimensional morphologies of (Ti, AI)N coatings prepared by different Ti/Al mosaic targets (CLSM):

(a) Ti7T0%AI30%, (b) Ti50%AI50%, and (c) Ti30%AI70%

N oK A5 E s Ol 5 L5 1P 3 4E) 51 T3 3
ME TSR A N BHE E , BEAR A AR A =
BN, 2 3R T REL R R R B B R BOER A S vk ) S5 4
K, FETilAl Jy50/50 I BfE /Iy RIE, AT BAA N EE
M TCR o e T RIS A EE . H
A& XRD P T4 G, LM PES EH 30%
= B 50%8), WREH Ti, AN [1(220) #EAH A B
S, (U11) ST ES . BT (220) 8 T 2 AE S w0,
100 377 B T AN dRL B A T REALAE K, 5 T T Rk
gERA/NECE . BSR4 S B R 70%
I, (220) &% T 2E A VE 2%, AH RIS 25 1 250 Pt KK
BREARG, % 2% 3 THOAEL A A2 386 o

B4 iR E R Rt e A 25 1 . 4k 2
N, HEEA N TiS0%I ih &P kBN, TTEER N
Ti30% A1 Ti70%m} i 2k A K . M5 0 BL ) ik
JETEEE 2 3 TR RS 52 388 DK st ) K 0 B 2 3
K, B B R B . DR FE N, A
(1) 3% T B 5 R (B /N (W3R 3) o bAh, 4 3FhAIFIE
M UTRR SRAR U J2 2 T A0 A7 AE 45 — L8 RN A G5 (1™ 2 B
] 35 43 (1 3) o SRR TR R v, BOM R B Ak 1)
BRBRLF B DUARBNRE R, P24 T R I
FU, MM RN S EA ST 50%, X
CRPURL” L% AT % K (B 3b AT 3¢ Xtk
2.4 ZILARBFRMZINEFRROEHNER

W R B, fE R 2 s TR AR TIRIRE

*3 ARIIZHEABHNERRY
Table 3 Friction coefficient of (Ti,Al)N coatings prepared
by different situation

50/50
Target ratio (Ti/Al 70/30 50/50 30/70
arget ratio (T/AD (Without HCD)
Surface roughness, R, 0.3464 0.3188 2.1312 0.4732
Friction coefficient  0.6809 0.6074 0.8325 0.6884

11
Ti50% (without hollow cathode electron bean assisted)

£0.9}ri7o%
:S 17 Rt N ot et A W
50.7 ey K
§ 1, ok wmlw R ki, W
505 \
ks Ti50%
0.3

0.1 : : : . - .

0 200 400 600 800 1000 1200

Time/s

Bl 4 TR TR 5% A I 45 Uk T3 1R B i R 0 3K it 2
Fig.4 Friction coefficient curves of (Ti,Al)N coatings prepared

by different situation
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Fig.5 Three-dimensional morphology of TiS0AI50N coatings

prepared without hollow cathode electron beam (CLSM)
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Fig.6 Adhesion of (Ti, AI)N coatings prepared by different
deposition situation: (a) without hollow cathode
electron beam assisted and (b) with hollow cathode

electron beam assisted
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Fig.7 Hardness of (Ti,Al)N coatings prepared by different

Ti/Al mosaic targets
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Fig.8 Hardness of (Ti,Al)N coatings prepared by different Ti/Al
mosaic targets and after heating at 700, 800 and 900 C
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Fig.9 Three-dimensional morphology of (Ti, AI)N coatings
prepared by 50%Al mosaic target after heating at
different temperatures: (a) 700 C, (b) 800 C, and
(c) 900 C (CLSM)
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Fig.10 XRD patterns of (Ti, AI)N coatings prepared by 50% Al
mosaic target after heating at different temperatures and

in varied atmospheres: (a) air and (b) inert gas
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Phase Composition and Properties of (Ti, AI)N Coatings Deposited by
Multi-arc lon Plating Assisted with Hollow Cathode

Wu Hua, You Shenshen, Jiang Ying
(Key Laboratory of Advanced Structural Materials of Ministry of Education,
Changchun University of Technology, Changchun 130012, China)

Abstract: (Ti, AI)N coatings were prepared under different Ti/Al mosaic targets (30 at%Al, 50 at%Al, 70 at%Al) by multi-arc ion plating
technology which was in hollow cathode electron beam assisted deposition situation. The quality and properties of the coatings were
detected by XRD, CLSM and universal nano/micro material tester. The effects of Ti/Al target on phase composition, surface roughness,
friction coefficient, hardness and oxidation resistance were analyzed. The results show that the coating produced by 50 at%Al target is
mainly composed of Ti;xAlN phase, which shows minimum surface roughness (0.3188), minimum friction coefficient (0.6074), and
maximum hardness (34.19 GPa). The coating exhibits no obvious change on phase composition when heating temperature is below 800 °C.
However, at 900 °C the substrate is oxidized due to the coating cracks. "Hybrid interface" can form when hollow cathode electron beam
assists deposition, and “surface roughness” can also be reduced under this condition.

Key words: ion beam assisted deposition; (Ti, AI)N coating; phase composition
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