W47 % %8
2018 4 8 H

BHRERERMBISIRE
RARE METAL MATERIALS AND ENGINEERING

Vol.47, No.8
August 2018

AZ91 S & REMEINE 1k 5 g1z Tk 57 15 56
EEAIERERMWMEL 545

TEER, ah#, LTx¥%, KEA

(PEZB TR, BEVY P4 710048)

B RO ARAE AZOT Bt i ) 46 B BE 3R 2, SRR AR %R )2 2 i 0 e 442 3l S 830 0 AR 1 o RS )2
WHAE T ORE AP B2 MR S IR JZ R AT A . RIS RE . R0 R B . R IEW v FoB A # fe . 452K
KU AZ91 BEA A MINA AL B T RN AL P & 2 NN 2 LA, RBUASRKER I, B MgO.
Mg B MgySiOq 4 )i 1 IR AE A B 68 2 408 MG 425 WU S 4 400 Ak 38 5 2 T SR ASHER A B3O8 10 R AT i ZRF P O )2, 3 TTHT R 2
FRAG: DURRAEF IR G R B S A2 7S 16.2 mQ-o™', FHIVERUF; ) (b th fh 2 R 45 5L 42 & 2 5 3
REES BALL, HR MR R LG 10%, AR s T 29 0.36 V, AR HIBHAR 2y 80 HMINA IR E 2
AL, EEBEZREELA RS T4 0.24 v, (EIE LR S BERUE MR A BRI R . AToTa R R W], R4 fL
5 AR T BT A 25 5 10 52 Ak B AR VT HE S BRI 8 5 <0 M 88 T2 i e Py i it 8 5 4 o LR TR S vl P i

KB PO MO B RABE; Wik

PESESES: TG174.4; TG179 XHERFRIRED: A

XEHS: 1002-185X(2018)08-2561-06

44 (micro-arc oxidation, MAO) i KA 7E
Ber & RmH 4 HL Mgo M EMMEZE, MEZ
HIEGRE UGS T A4S, AR SRS SR
FROAEE 82 5 i ot P U1 o R AR I A o T 2 2 T R 25 25
TR T T R E I A 2 AL A R R, Bk
2207 AT PR 5T 3R W 75 U AR E B A AL
Wi T8 o 2 THT PR T S e e A1 AR /D, B RS )2 2 T P P
FIN A S K L B o Ak Pk, A A5 e 2 2 T Y
TICFL S Ay J b P A B3 e P 88 ) i P S8 A < e 1)
WEEIEIE, MWMAASES SRR, WoR — A
A 2 17 M A AR AN B AR AR b i e B 5 i e 2 2 1
PR o =11 W O = O P o o= S A G2 S
Stz FREOLL RS RS TIER A (A
b B far R SR M I T e 2% 1 IR A, A 2L
Xof FL AT 2 1 4 e A Ak B, A IS T ) LA LURE TR
X AR A B R RSS2 AT o A B, B K A RO
i3l N T <3 NI S I3 S B Wi}
A ERNA AT D R B A I e . (H X 2
Tk, HEINELIFEZ, WHEATGYE, A7
EIT ISR SR Z IR & 2tk Re . WP 2
— N R e B DR T, R P g4 D S

Fs HEA: 2017-08-10

EL£WHE: Py ARREIRTTR] (FEATH) (2016J2018)
1978 4EE, A, P TREMRRA S TR, BRPY Pi2e 710048, HLiE: 029-82312592, E-mail:

fEEREN: LR, 9,
zhihu_wang@163.com

ARABCR] AR SRS RO e . 5 <, iy HL AT
DSV AE < L A7/ NI | Bt - I SR NN UG R SN £ F S
o WRTEURAT G R AN DR AT IR AR T XA BT E
V958 WA WU T P PR AR w1 5 1
EE R G B0E, HREMI S SR e, R
R BA R AP R e Re, PRl 2 N TR
S SCPERH e (RS TR A A B 1 B A 4 T
WS BB PR BIF 5 0 AT 4R

BT E e R AL B AR AZ9T G &k
T 1 46 M B T2, R R T B A S B AR AE T I A Ak g
BRI EM, RERGEE. SRS
BRI AR A B e J2 1 5 A 2 T3 AL AR BE, [ I S B
TR B B 2 R K PR A, (A3 4L BB 2
ol 2 E EL AR . B XT MAO B 88 2 R 42 it S5
RPN AL R IETHRE E . ALZUB S R e
P L AL S PERE RO BEBFIE, TR AL 5 w45 ik
SR A2 5 AR R I R e e 5 R, TR A
(10 I FH A5k B AL BB KA

1 % 5

SUG TSR R R AZO1 BEA G, T HE Ry



* 2562

Wity @A RS TR

%47 %

s E) N Al 8.95%~9.75%. Zn 0.35%~1.0%. Mn
0.15%~0.5%-+ Si0.022%. Cu 0.021%. Fe 0.003%, 4
B Mg BEEePE LN T 30 mmx20 mmx5
mm K/NIT R, 430 240#. 6004, 10004 b 4%k
ITHTBEAL PR, 5T ERN 228 7 A8 0, T4 M.

K MAO120HD- 1T A AL il 4% B 2h il 4 1k
BT BE AL B AZ91 B 4R HEAT SO AR Ak Ak
o BRI AT FH 9 008 ek R B A R MK, 8
b AR S AR, SROICAEC A R R T AL
kb B, HIR R 2 A/dm?, E[RHLE Y 450 V, X
I HLE R 90 V, SEALESIE Y 5 min. FRORAAG AL BE S
(RE FH I IR 25 B /K MK AT i ok, A
T A HE T J5 76 AT WIF S P R4 e S 8 S ik 4%
AT R DR N, BEA R Al RS 99.9% A AL . T
S AR B A 6x107 Pa, JUAE R b B8
HEFFAE 0.25 Pa, W HEA 99.99%I1 E 2w <, L)
F200W, SEEHGE 1A, JURETE A 10 min.

KRS EE 4 0.1 pm 9 TT240 78 354 37 00 J5 430058 13
IR B BT )RR, AR B & 5 ok, HCF
B E AF b S N A A B B S ) )R RS . A LEXT
OLS4000 7 3 e 2 A5 2 S8 7 M B I AL A B 8 2
T A7 DU S 0 ) 2 P 4 TR RS 2 < ¥ 1) VEGA3 TESCAN
FAH LT W AOBE W SR I AR A B B S R R T SN &
A B IR 2 T R AR B3, SRS AR TR SEM AR | Y
1 OLYCIA m3 5 {4 I e G oI A A B 8 2 AR 47 W S5F
AT 2 P 2 T AL B e 4 U ST B 2 1 SR o
A B & T B A D SR A 2 A 4 BT /E XRD-
70008 %Y X SR AT A _EHEAT, AN 20°~80°.
F JC2000A i £ firh #1105+ 300 5 MAO Big 8¢ )2 Stk
2 D S B 5 T A o A A B P R TRV 1
H AL 22 AR e $% PARSTAT4000 Y e 4k 2% T4 3k, Il
R BT 8 R R 3.5%NaCLOR & 2 B0, K

Intensity/a.u.

20 30 40 50 60 70 80 fE
20/(°)

SRR AR R, FErh R IR D A A, T
B 1 em®, Pt 2454 Hitl, Ag-AgCl il S Lt
B . 3 TR GRFE BT =HmlAk R , £5IF
6 H A A 5 AT B A AR A i Ze K, A AR
Fl—2~2 V, FH5EE 1 mV/s. H RTS-9 X HL il PU £
e A e S B A 2 1 D B B, A R 3
4532 mA, BRE-FEEEE 1 mm.

2 GRS

2.1 WLELMERRBIZKGIERENHEARS

BLEN

K FH TT240 2 56 3t 00 52430 00 12k R A A o 8 ot
(P4 JEBE L 10 pme B 1a o AZ91 BE A S AR
B XRD % . /1T XRD MR R H X 5 45 DI 45 5
AN (290, XGHEMA R ERERE, 7 A &
T o A JE A B AR AT S TP, W LUIA A AR
137 BRI AN B 4 2 1 3R T 9 S 5 BB A A P
EAHRIAT S0 . I 1a AT, PO AL P B 2 SR T AT
7E MgO. Mg M Mg,Si0, X 3 ANHI I AT 506, i B AZ91
BEA AR AL P & Bt MgO\ Mg & Mg,SiOg 41 /%
LB B2 MgO  AH & B &5 25 - % L ik it o
B 4 KRR AR LA R R A AR A O [ AR O
Mg,SiO, [FITF B BT LR h SiOs™ B8 1 HE N 25 5
TR TE, 5EE SRR R AR N T A R, Ui
HLAR I 2 S5 A S N I B s 1 XRD i o H B
Mg FHIATI I, 2 B T AR A o 7 e 20 s A 1)
B G AR A B 11 5 vk ) 0 7 AT R B IR AL B
WM. B 1b 2 AZ91 BEA SIS AL I 1 %
S T LA e, O AR A 3 30 A LU e 53 R 11
P BB, R MAEAERCN B EMHAL, WILE KERY
M 4 pm, KR ERKZ AR 2 um(HH SEM il
£4)o £ OLYCIA m3 A&, MAO B & 2 I fLE %

BT BRGSO AL B %2 )2 1) XRD i B 4 1O TE 3
Fig.l XRD pattern (a) and surface morphologies of MAO coating obtained on magnesium alloy: (b) SEM image and

(c) 3D image of confocal laser scanning microscope
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Fig.2 XRD pattern of magnetic sputtering copper-plating coating
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Fig.3 Surface morphologies (a, b) and cross-sectional morphology (c) of duplex coating
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Fig.4 Distilled water droplets and contact angles on different surfaces: (a) bare, (b) MAO coating, and (c) duplex coating
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Fig.5 Potentiodynamic polarization curves of magnesium alloy

after different treatment in 3.5% NaCl solution
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Table 1 Potentiodynamic polarization parameters of magn-
esium alloy after different treatment in 3.5% NaCl
solution
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Microstructure and Properties of Duplex Coating on AZ91 Magnesium Alloy
Combined with MAO and Magnetic Sputtering Copper

Wang Zhihu, Bai Lijing, Wang Ailing, Zhang Guojun
(Xi’an University of Technology, Xi’an 710048, China)

Abstract: Porous ceramic coatings were prepared on AZ91 magnesium alloy by micro-arc oxidation (MAO), and then duplex coatings
were prepared by magnetic sputtering copper. The surface phase composition, surface roughness, surface and cross-sectional morphology,
surface wettability, and electrochemical characteristics of MAO and duplex coatings were studied. The results indicate that the surface of
AZ91 magnesium alloy treated by MAO is hydrophilic due to its micro-nano coarse porous structure, and its phases include MgO, Mg and
Mg>Si0O4. However, the surface of MAO coating turns into relatively compact copper with hydrophobic property after magnetic sputtering
copper, and the surface roughness decreases. Four-point probe measurement indicates that the duplex coating exhibits well electrical
conductivity, and the sheet resistance is 16.2 mQ-o™'. Meanwhile, potentiodynamic polarization curves reveal that the corrosion current
density of the duplex coating decreases by 10%, and the corrosion potential increases by about 0.36 V, while the polarization resistance
increases by around 80 times compared with bare magnesium alloy. Compared with the MAO coating, the corrosion potential of the duplex
coating increases by about 0.24 V, suggesting that the corrosion trend decreases. Nevertheless, the corrosion current density and
polarization resistance of the duplex coating all decrease to some extent. These survey results indicate that the duplex treatment of MAO
and magnetic sputtering copper on surface of the magnesium alloy improves its electrical conductivity greatly without losing its corrosion
resistance.

Key words: magnesium alloy; micro-arc oxidation; magnetic sputtering; duplex coating; corrosion resistance
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