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Effect of Magnetron Sputtering TiCN Film on the Microstructure
and Properties of Al-Cu-Mg-Ag Alloy

WANG Yanqgin, LIU Xiaoyan” , YANG Hongru, ZHANG Yuan, ZHU Xiaosong
(School of Materials Science and Engineering, Hebei University of Engineering, Handan, Hebei 056038, China)

Abstract: Based on the orthogonal experimental design, TiCN films were deposited by magnetron sput-
tering on the surface of aluminum alloy. The effects of the magnetron sputtering process parameters ( ti-
tanium target power, carbon target power, nitrogen to argon ratio) on the hardness and corrosion resist-
ance of Al-Cu-Mg-Ag alloy were investigated by using salt spray corrosion, electrochemical corrosion
and hardness test. The mechanism was investigated by scanning electron microscopy (SEM) and X-ray
diffraction (XRD). The results show that the effects of magnetron sputtering parameters on the hardness
of the alloy film, the maximum corrosion depth of salt spray, the corrosion current density and the adhe-
sion of membrane and substrate of the film are in the following order: N,/Ar > C target power > Ti tar-
get power; C target power > N,/Ar > Ti target power; C target power > N,/Ar > Ti target power; and
Ti target power > C target power=N,/Ar. When the power of C target is 200 W, the power of Ti target
is 100 W, and the nitrogen to argon ratio is 1;40, TiCN films with excellent corrosion resistance, hard-
ness and adhesion of membrane and substrate can be obtained.

Key words: Al-Cu-Mg-Ag alloy; magnetron sputtering; TiCN film; mechanical properties; corrosion

resistance

B A DICAR A 2% B R I LU s B | R4
VA ol R R | A T A A I AR Y2
FTALEs Tl ™2 . Al-Cu-Mg-Ag &4 2 T LI E 4
ELAF (R vk A 2l T R AR AR Q A AT LA

Y75 B #A:2022-01-16

SR N S N o T ) N SN2 o SN L
P R, G 4 A8 R P FBR A A I S 7E
BEZEPET 23 BEAS TR A JEg il 7, DAY I R 22 K0
WA R R KT R B, 72

BEETH . EEARPIAEL LB H (51601053) ;U4 S5 A AR A HARBFGTI H (ZD2018213) s HEER i AR 4% 1% H (19422111008-20)
YEB /A FHIZE(1996-) , %, WAL M AL AR ST AL NS LA 4 8 ARl 7 i B AIFSE
* WIAEE  XIBEHE (1980-) , 2, WldU HEHE A, 84, 20, A s e BB AR & 4 TH U AF ST



552 1

FHEEEE AR IR TICN RS Al-Cu-Mg-Ag & 4 HEUS PR MR 101

TFHLZS R AR Al-Cu-Mg-Ag 4 4 NAE B 27
TP, 48 55 G 4 B bl vk e A
i 14) 7 1% 2 2R TR AL L v 4 e S DT AR 2 8
5 G EARR S T R4 R S5 R AF JF B
REFRAETTS ) IR AR 2 i TR PR 5 AR
VEF, B T 3 v B S Ak B g ol 4 4
TiCN A5 —Fp B UL R AR AR AL A1 &L,
P T H R ) i ok b S T AR R U 2 A
B N T AR, GRS AR R T DL R AL
TR A, EFFARAER A S Ti #07E
6063 A EREITR T TixAlyN = ol i £
ZH T2 15 50 B 4 10 5 5 R BT AT 1ok M RE 24 1%
i . Huang AEUUHE R A 4 R B W R S DR
T TIiCN s B 55 & BUAE AZ31 BE A & R UL
[ TiCN B2 b3 A REE , JF B 28-S &M
U T RE IR LSS G A A SO T IE A
B BETT, #E Al-Cu-Mg-Ag £ 4 2% T 33 0% S5 DU R
TICN VAR, SR FH R 55 65 1ol | R A2 J8 oy | A 3 3
GBI WS T2 S 806 Al-Cu-Mg-Ag & 41
JEE 5B ol BE 0 52 e B, T A5 A B
(SEM) X St (XRD ) 48X AL AT 73T
AL G ST 2,

1 Xy

1.1 #RH &

A Sz Ky O Al-S. 3Cu-0. 8Mg-0. 8Ag-0. 3Mn-
0. 15Zr (AR EL, %) &4, GErmy bty
YIS RAR B IR 500 C, PRI R] 24 b, SRJE K
NERIE 470 CHEAT MR, InER A BF ] 3 b,
B f 3 3k 2238 T A FAEL TS 6 mm BARAE, FLA
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Tab.1 The design table of orthogonal test

BEE cHYIR/W Ti )5,/ W A
1 200 100 1:40
2 200 150 2:40
3 200 200 3:40
4 250 100 2:40
5 250 150 3:40
6 250 200 1:40
7 300 100 3:40
8 300 150 1:40
9 300 200 2:40

1.3 HIEESTERMNTI&

FE JYP-500 8 i H.25 RIS G THE I, 2R
FHALRE R 99. 99% 1) A7 55 FE FIERHE HEA 700 5, 5255
FHALRE H7 99. 99% 1) Ar 5 N, ANV, H Ar
RSN, VR RO, B85 Al i 7E 2 1 4
PR S AT DIRE T EE Bl O%, P 2547 P9 TR R TG 7K
CWEAS T R 10 min, B0 Ti #IR 100 W91 9%
10 min, VL34 5 5 L 25 & Oy, d Je 04T w4 D% S
TiCN 5 BFE] 1.5 h,

1.4 RIEFE

(1) 7E TMVS-IS 7l 2 FCAs & 1 1 375 47 A
i, MR 3R 25 o, IngkatE] 10 s, HIHL9 NAH
SR B IEATHT 500, 2 e L P 9 B R /)N
18, LA RIME,

(2) FIH CHI600E Hifk2% T AEu, , 7€ 5% NaCl
WP AR A AR TAE A, AT H R A S
FbFL AR, 0 R Sk Bl By e R E AT AR R il el ik,
WHE 1 mV/s,

(3) TEFh 55 J T A b A4 7 ek I3, 2 RS
bR GB/T 10125—1997,, 5256 fif FHVE N 5%
NaCl, %7 pH (A A5 FI7E 6. 5~7.2 Z[a], J& pl i
[ 4 72 h,

(4) BEFESE 6 1R 4 B A5 fE GB/T 9286—
1998 FEATINIR , SR FH AR s v D 3k o S 5 77,
6T P SRR L 30 4 A S8 B O 5% 388 B 8 % 1% L, i
JZE5G AR E bR T BT 452

(5) % H ULTRA-55 744 4 H 58 WL £ I )2 1)
BIESE , R DMAX-2500 %I X 52 437 55 {SUAG: I
YA, X SRR Cu #0457 R AV L IR 400 R
40 kV F1 200 mA, F14# {1 H 20° ~ 80°, 1 4 L FE

2°/min,
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Tab. 2 Hardness of samples under different

sputtering parameters (HV, )

1 2 3 4 5 6 7 8 9 10

THBE180. 1176.9179.5184.2176.3179.0176. 0 181. 1 175. 4164. 1

&3 ARKEXNEEEEZMPIREE

Tab. 3 Range of influence of factor level on film hardness

H#% C #ETh R Ti 401K R L
K1 178. 833 180. 100 180. 067
K2 179. 833 178. 100 178. 833
K- 3 177. 500 177. 967 177. 267
W2 R 2.333 2.133 2.800
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Fig. 1 Effect of magnetron sputtering parameters

on the hardness of film
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Tab. 4 Adhesion of membrane and substrate of samples

1P 1 AR AR 4 I BB C DR 1Y
P R R R /N R A T C LD R i
PRI P R B B2 %) 42 L RS 8 004 K, Ak 2 R
C $0h A R A 24 (e A 8 52 B AR 3, o T
KMZ Y C T8 A BUIRZ 10 o5 AR A A 5
AR TR R E SRR AR, B R Ti R
S I 2 PN SR B 0 S 3R 3 R W s 1 2l i 3
RIF X2 2 T 47 5 0 o, S BUBR R 4 3 i
TURL K LB AT AL A, A5 )2 B0 B B2 T I
Wit 2 EE 9 s BV 22, S EUR O R A Y
TS Il 535y | RS J2 ) 2R T Rt e A b R ) R
BEAR/N W E A E TR

AR IE SR A5, 15 H 15 = 5 KA i £
AR S A G 05 C #LYIR 250 W\ Ti HIY
A 100 W EE L 1 2 40,
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PREFEZE 5 1V 2 R H B ZEprn i GB/T 9286—
1998 X BRI 11 45 0, JRASOBR AR 3R W I 25 65 )
oo XU BRAE HEAT IR 25 G T il ik 1R 1Y
MREELE S ERY) T 4, AT%0IRKE 1 F1 4 fO 5
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Tab. 5 Range value of the influence of factor level on

adhesion of membrane and substrate

H#E C #nT) % Ti #0T % A
K1 1. 667 1. 000 1. 667
K2 2.000 2. 000 2. 000
K3 2.333 3. 000 2.333
W2 R 0. 666 2.000 0. 666
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Fig. 2 Influences of process parameters on adhesion of

membrane and substrate membrane and substrate



52 4

FHBELE AR IRET TICN TN Al-Cu-Mg-Ag &4 HZU S5 HERERI M 103
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Fig. 3 Macroscopic morphologies of the sample after 72 hours of neutral salt spray corrosion
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Tab. 6 Maximum corrosion depth of neutral salt spray

A% W | A5 wE | a5 Wk
1 108. 8 5 188. 4 8 127. 1
2 168.5 6 179.7 9 212.5
3 138.6 7 198.0 10 232.4
4 107.2
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Tab.7 Range of influence of factor level on the maximum

corrosion depth of film layer

HE CHny)% Ti #IR A L
K1 138.613 137.977 136. 163
K2 156. 097 161. 307 162.720
IKF-3 179. 163 174. 590 174. 990
W# R 40. 550 36.613 38. 827
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Fig. 4 Maximum corrosion depth of samples after 72 hours of neutral salt spray corrosion
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Fig. 5 Influences of process parameters on the maximum

corrosion depth
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Fig. 6 Potentiodynamic polarization curves of samples

tested in 5% NaCl solution

RS HRMRKHMENESH

Tab. 8 Zeta potential polarization corrosion parameters

R E,./V I,/ (pA-em™)
W 1 -0. 668 45 7.310
R 2 -0. 666 14 15. 467
W 3 -0. 656 25 9. 875
R 4 -0.671 32 6.224
i 5 -0.636 13 22.581
B 6 -0.672 37 16. 098
7 -0. 648 83 32.294
B 8 -0. 678 09 9.337
9 -0. 667 44 40.372

HiK -0. 645 43 99. 080

x99 BERAKEWNEHRBREEZMARERE
Tab. 9 Range of influence of factor level on the

maximum corrosion depth

S C #g Ti f1 R R L
JKF 1 10. 884 15.276 10.915
K- 2 14. 968 15.795 20. 688
K 3 27.334 22.115 21.583
W2 R 16. 450 6. 839 10. 668
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Fig. 7 Influences of process parameters on the

corrosion current density
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Fig. 8 Cross section morphology of the film coated on Al alloy
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Fig. 9 XRD pattern of TiCN film coated on aluminum alloy
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