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Table 1 Operating parameters of the (Ti, Al, Zr)N/(Ti, Al, Zr, Cr) N and CrN/(Ti, Al, Zr, Cr)N bilayer films
Stage Gas pressure/ Bias Arc current of  Arc current of Substrate Rotational Deposition
g %107 Pa voltage/V TiAlZr target/A  Crtarget/A  temperature/’C  voltage/V  time/min
lon bombardment 25~3.0 -350 70 40 220 ~ 260 35 10
(Ti, Al, Zr)N film -50, 100,
25~3. 7 — 260 ~ 27
deposition 5-30 -150, -200 0 60 0 %5 30
. .. -50,0 -100,
CrN film deposition 25~3.0 _150, 200 — 40 260 ~ 270 45 40
(Ti, Al, Zr, Cr)N film -50,[1 -100,
25~3. 7 4 260 ~ 27 2
deposition 5-30 -150, —200 0 0 60 0 %5 0

Note: Nitrogen (N2) as the reactive gas was introduced and the base pressure was 1.3 x 10 Pa
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Fig.1 Cross-sectional views of the bilayer films deposited at
—-150 V bias voltage: (a) (Ti, Al, Zr)N/(Ti, Al, Zr, Cr)N
film and (b) CrN/(Ti, Al, Zr, Cr)N film

M, mHBEY SRR RS, REBY, LW
B L F LA E S B IE . SEM T IIE 1) 2 Fi
W R FE R 294 1 pme

2.2 WEERS

B 2 A 3 43 ) 2&-150 V f B R UTEL D 2 FpXUZ
JEWT I Sz EDS R4 b4 5, oAt g & R T AR 19 v Al
AR S IR AR — B B O R RS R
D[] 256 7 P 38 30 AT 130, R P S AE 0.5~1.5 pm 2 [1] .
AFCLE W, S A B R S A, R AT ik
BAy U AR AL, K e L e .

PP 2 T 0, T 0.8~1 pm Ak 2 X2 ) ST o
M HERM 1~1.5 pm Z [AE, Cr & & #ik/b B2
TH R, AT DL E L R E DN (T AL ZnN, A2
N(Ti, Al, Zr, Cr)N FI8UZ B AL P .

3 A, BEEM 1~1.5 um ZIEE, Tio Al fI
Zr SEIREERD, M Cr SEIREI N, BT DA
254 CrN, 4M2 8 2 (Ti, Al, Zr, Cr)N FIXUZ BT
2.3 WERRHEEWN

E-150 V TR IE T, B0 5T & S 560k Lg% 2 F
BUZ MG 1) XRD PG L 4 FE 5. % Bk R oR 2 F
WUZ BEAT A2 TiN BT 0 577 45 9 (NaCl fh i 45 1) o

F R A & ARAN ) XRD W04 )5, 2 FhowUZ 5
FOIM G 2k 5 bR X SRR A b TIN B — 3K
TR TIN f(111)0& F1(200) ¢, I8 45 50 & 5K 1 (220)
I, (311) U4 N (222) 0%, A7 J% I35 5 (Ti, Al, Zr, Cr)
N 2 B3 AR 4 ]

TR A G B b 2 b U021 o A% o 400340 0 0.432
nm, T e EAN R R T XU S ) A% B R 0.424 nm
(TiN 57 08 3 B0ty 0.424 nm)), Fr DURE & 4 5k
A 1R U2 5 PN A7 7E B S R 2 B AR B g, 1 R] BAIE —
A v R R R A
2.4 NEEBEEREESEAKELSEE

241 HEE



© 1322 - WS EMES TR i 45 3%

AT i s R DUAR B X0 R SR R P I 3% 2 P

[8)]
o

N W B
o o o

=
o

Content Distribution/%

Content Distribution/%

1 2
Distance/um

B2 (Ti, Al, Zr)NI(Ti, Al,

1 2 1 2
Distance/um Distance/um

Zr, Cr)N & (1) Wi A EDS £& 14

Fig.2 SEM image (a) and EDS line scanning of cross-section of the (Ti, Al, Zr)N/(Ti, Al, Zr, Cr)N film:

(b) Cr, (c) N, (d) Ti, (e) Al, and (f) Zr
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Fig.3 SEM image (a) and EDS line scanning of cross-section of the CrN/(Ti, Al, Zr, Cr)N film: (b) Cr, (c) N, (d) Ti, (e) Al, and (f) Zr
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Fig.4 XRD pattern of the (Ti, Al, Zr)N/(Ti, Al, Zr, Cr)N film
on WC-8%Co substrate
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Fig.5 XRD pattern of the CrN/(Ti, Al, Zr, Cr)N film on
WC-8%Co substrate
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Table 2 Microhardness of the bilayer films deposited at
different bias voltages
Microhardness, HV;.01/GPa

Bias voltage/V (Ti, Al, Zr)N/ CrN/
(Ti, Al, Zr, Cr)N films (Ti, Al, Zr, Cr)N films
-50 37x1 361
-100 37t1 3611
-150 39+1 38xt1
—200 40t 1 3911

Hor, D NP R RS A X B2 K 0 A Bragg
f1; BNYET.

(Ti, Al, Zr)N/(Ti, Al, Zr, Cr)N Jis i &k R~ AR 40
Fir 5% TiN (111)11%4, 1=0.154 056 nm, 6=17.989 5%,
B=0.016 23 nm, £33 & ki R 217% 9.0 nm. A3,
CrN/(Ti, Al, Zr, Cr)N 5[] i b T AR 95 7 5 58 e
TiN(111)3+%, 1=0.154 056 nm, #=17.989 5< B=0.012 99
nm, 5H PR STZ0N 11.2 nm. 5 TiNGEFRLR

<A 13~16 nm)P R EL,  XUZ BRI B Atk T H
(Ti, Al, Zr)N/(Ti, Al, Zr, Cr)N & f) & ki 4i 40 72 FE 5K,
JIT UL EAT B e ) S O
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Table 3 Adhesive force between the bilayer films and the
substrates deposited at different bias voltages

Adhesive force/N

Bias

(Ti, Al, Zr) N/ CrN/
voltage/V . . . .
(Ti, Al, Zr, Cr)N films  (Ti, Al, Zr, Cr)N films
-50 170 ~ 180 >200
-100 >200 >200
-150 >200 >200
-200 >200 >200
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Microstructure and Mechanical Properties of Ti-Al-Zr-Cr-N
Bilayer Films Deposited by Multi-arc lon Plating

Zhao Shilu', Zhang Zhen?, Zhang Jun®, Wang Shuanghong®, Zhang Zhenggui*
(1. Shenyang University, Shenyang 110044, China)
(2. BMW Brilliance Automotive Ltd, Shenyang 110143, China)

Abstract: The (Ti, Al, Zr)N/(Ti, Al, Zr, Cr)N and CrN/(Ti, Al, Zr, Cr)N four-component bilayer nitride films were deposited on cemented carbide

(WC-8%Co) substrates by a multi-arc ion plating technique using the combined Ti-Al-Zr alloy and pure Cr targets. The morphology, composition

and crystalline structure of two bilayer films were analyzed by scanning electron microscopy (SEM), energy disperse X-ray spectroscopy (EDS)

and X-ray diffraction (XRD). Scratch test and Vickers microindentation were used to compare the mechanical properties of the two bilayer films. It

is shown that the two prepared bilayer films are still the TiN (B1-NaCl) face-centered cubic structure. The cross-sectional morphologies are typical

columnar crystal structures. As the bias voltages vary from —50 to —200 V, the mechanical properties of the two bilayer films are better than those of
the (Ti, Al, Zr, Cr)N monolayer films and almost close to those of the Ti-Al-Zr-Cr-N gradient films. The microhardness of the (Ti, Al, Zr)N/(Ti, Al,
Zr, Cr)N bilayer film (max. HVo01 41 GPa) is higher than that of the CrN/(Ti, Al, Zr, Cr)N film. However, the adhesive force of the CrN/(Ti, Al, Zr,
Cr)N bilayer film is superior to that of the (Ti, Al, Zr)N/(Ti, Al, Zr, Cr)N film (all > 200 N).
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