254 6 2 B X @wW L E Vol. 25 No. 6
2012 4 12 A CHINA SURFACE ENGINEERING December 2012

doi: 10.3969/j. issn. 1007-9289. 2012. 06. 004

BEX AZ3 A& RMEXREMULE R
J& PR 1 BE RS2 M

BRHELTY SRR, TR, BRI, R 30, AR
(LU0 A T2 e DU LA B . AL 1026175 2. HEHg 3Tk BORHRLE 5 LR Bt . 1M 510640
8. BARMIBKIEEI L FIHA L . TUPE Hidk 3380015 4. I FRASE TRHEARZEE . L 100083)

B OE: NI RS OB S S O AL 0 J2 10 RO 45 4 T2 T IS P R ) S0 L FE AZ31 BE A 4RI |
SR A ) LR 76 F AR VRO R — B (Nay PO i il 2 ORI TR 2 . R A L 7 2 0% (SEMD Ot B i
BE o 4307 12 PRI IS A TROW 2 R S5 A 5 3l g X R AT S A CXRD) 438 Uk J2 R & B DR IS A AE 4 B, SR B
F N AR Al 2 R b Ak 2 BELBT % CETS) W30 4 28 1) T 8 kM RE 0B AT PP A . 25 SR 3R B - AZ31 88 & & OR AL Tk
J2FEFEH Mg, (PO, . MgO, Mg fil/b g MgAlL O, 41, J& il 7= 4 Mg(OHD. , quintinite Fl Cay, (PO, ) (OHD,
AL, fEHE R 325 V% 3 000 Hz, ZLEHE] 2 5 min F il 4 B9 08 A AL 1% 2 B 5 803 855 1 oW B
SR B /N T T ol e O B RT3 300 S R TR Y T S ol PR E

KW Baes MTHIE: MR Bl Di4m

FESEE: TGI74.451 XERFRIDED : A XEHS: 1007-9289(2012)06-0021-08

Effects of Voltage on the Microstructure and Corrosion Performance of Microarc
Oxidation Coated AZ31 Magnesium Alloys

GU Yan-hong', CAI Xiao—jun', NING Cheng—yun®’, XIONG Wen-ming’, YUE Wen', HAO Bao-hong'
(1. School of Mechanical Engineering, Beijing Institute of Petrochemical Technology, Beijing 1026173 2. Col-
lege of Materials Science and Engineering, South China University of Technology, Guangzhou 510640; 3. The
Technology Research Center of Xinyu Iron and Steel Group Co. , Ltd. , Xinyu 338001, Jiangxi; 4. School of
Engineering and Technology. China University of Geosciences, Beijing 100083)

Abstract: To study the effect of process parameters on the microstructure and corrosion resistance of micro-
arc oxidation (MAQ) coatings, the MAQO coatings were prepared on AZ31 Mg alloys in the electrolyte of sodi-
um phosphate (Na; PO, ) at various applied voltages. The microstructures of the samples before and after cor-
rosion were observed by scanning electron microscope (SEM) and optical micrograph. The composition of the
MAQO coatings and corrosion products were determined by X-ray diffraction (XRD). The corrosion behaviors
were analyzed by the potentiodynamic polarization and electrochemical impedance spectroscopy (EIS). The re-
sults show that the MAO coatings are primarily composed of Mg; (PO,),, MgO, Mg and MgAl, O, ; and the
corrosion products are composed of Mg(OH), , quintinite and Ca;, (PO,); (OH),. The coatings produced at
325 V and 3 000 Hz for 5 min show the best corrosion resistance with the densest morphology and the least
corrosion current density.

Key words: magnesium alloy; applied voltage; microarc oxidation; corrosion; simulated body fluid(SBF)

W B 2012-00-13; S B A#: 2012-11-12; &« * [8R T AIERBF L 8T BB (973 31D (2012CB619100) 5 [ 11 44
Bl 34 (51072057)
RN WHILL(1977—), 2 BO, HMMM A, YEii, 1 ARAE. BEEERT TR

W2 M AR HHE:2012-11-28 17 : 05; M HARM L : http://www. cnki. net/kems/detail/11. 3905, TG. 20121128. 1705. 019. html
B3R WML R, TRz, . BIEXN AZ3L BEA S MORA LR 2 oSS M R E phrERE AR [T, o E R TR, 2012, 25
(6): 21-28.



22 2 EH X W L E

2012 4F

0 3

ARG A W e 25 1 R A 0 R i T B
KA & IEW G 5 RALOF e E a1 B
WYY BEREE A & R PERE SR TR
& BB A LA B 5 4 DA -8 5
SOMBEE . A LT BHEE S IR T AR R
RS AR . SR L BE JBE A A A N AR LR i
BERPE X 55 P 8 & d B R IE R, 5tk AR
ZMAEEES N RBREEARERES S
47 J ot M 7

Hur. HTESENEDRZAEMRL, i
BERC IR A 0 BOR 2 /LR AT Ca-P iR
2 RO A A U 2 DA TE AR W 2 N Y B
BIWBEARN . Ho Sl A A R 2 42 i 8 I
O A PURE MRE ) R O . X R BOR fiE
TEBE M B A A b 28 3 50 VB IR A
EiN R W E R ORI & 2 A7 Al SR U
GER)ZAR 22 B T R S O W E e PR
L A VA R AL R R R g
F AL ]

SR S X F 0 X AZ31 86 4 IR
LR JEPERE A S M A R WLARIE . SCHP e AZ31 BE
B e R R I R R R & T ROm Uk
U2 LU 2 0 SO S5 4 84 DA B H Ak 2 T
AT R HEAT T RIFSE BT T L H R kL R Y
SO, S aF R BE (SEMD K X5 4 fiF 5T
(XRD) & J5 36500 1T IR 2 19 ARS8 10 DL M
JOF ek = W A A R . T A X )2 O A TR Y e
J M R AT TR R FPEA .

1 R RTTE

il

1.1 #HaAH&E

AR HSAS AZL 864, L% a
Bt 23 8%/ %) : 2. 50 ~ 3. 50 Al, 0. 70 ~ 1. 30
Zn, 0.20~1.00 Mn, 0.05 Si, 0.01 Cu, HA4T HEE,
BRI E K, 20 mm X 10 mmX 1 mm K J5 (£,
FHAS )KL B f4 7K B 70 4% (180, 280, 360, 600 Fil
1000 SO FTHE AR I 43 0 B TE N I TC 7K SR 25
AR EAEE 10 min, & TEIRT TRE
IR

TR 2 >R T BGER  7 R v A0 ) E A Y
MAO20 BRI AR AL 2 B, %38 Bl g R, %
WRGMNHER G FHMR . AZL BEG BN

BH R 1A TR oI 4R L A V0 1 S 5 90 . ft A9 B it
BH R s 45 e 21 P OB Xof e At V0 300 47 40 0 HL 2 5 —
2, ) A R O . A A IR R B A
30~50 C, flIR A Ak v J2 2 7 Jik ofr el VRS 3R O
3000 Hz, i Fl B FE 43 51 % 250, 300, 325 #0
350 V., 7 L ff WBE R — 4 (Na, PO, o il #%
5 minfH 3 AY .

1.2 BHFRE

F A 2 0 3SR T = F A A R L LA R
IR HLARAE 2 L H AR Ay 58 v B AR 4l B R R IR AR
TAEHEAR GETEAR 4. 18 em®) . MR KR . 2
L H AR RN Bl AR BT 1 000 mL i £ AR
P A= W ER DA B~ 41 B 28 ZR ¥ 5/ (mmol « L71))
Na“142. 0, K"5.0, Ca*" 2.5, Mg*" 1.5, CI
147.8, (HPO,)* 1.0, (HCO,)™ 4.2 HI(SO,)*"
0.5 M7 AR R 38 3 AE 2 B K b R AL A
i 5] NaCl, NaHCO,, KCl, K,HPO, « 3H,0,
MgCl, « 6H,0,CaCl, #l Na, SO, J5 . 9K J5 1 =& K
FA e b 18 2% P tris (hydroxymethyl) , aminometh-
ane ((CH,OH);CNH,) #1 1 mol/L ## HCI i
MR pH A 7. 25, FEIE i R v 4 2B W AR
FriE IR (36.520.5) C,H4F 24 h HH—K,

DR UE AR A AR E 10 ok Fi A 2l H 7 A Ak 3K
5 T K A E AT 10 min JF B HE R I
By v A0 A 12X 56 0 H Ak A B A 3 K 5 03 i AR R
WIFE S 1.5 F17 RNl b Zeiny 439
TN 0.5 mV /s, 28 3 B BT I 2 48 ) i) 52
SR IE N 10 mV, UYL E 0. 01 Hz F
100 kHz,

1.3 FREDH

FH X GRS (XRD, XPert PRO Dif-
fractometer) Xf AL HE 17 ¥ 2 AH 4 AR B G ol 7
38T R #7855 (SEM, Netherlands
Quanta200) % il 9K S AL ¥ 2 PE 47 T 4H 2L 18 4y
Bro 5 Y62 B 8% (Olympus BX60) W82 A [ i
(1] 1) o JE3 ek A o 0 3R TR 3 ) 284k L A 7 R b 25
W o 30 3 O A AL R 10 53 2 W T 30 1) 28 Ak

2 KBRS
2.1 WMAHR

P 1 AEL 2 5] S A [] | RS 1 6 B 5 4
PR AL TR T2 9 T S A R . B pR] L



WAL, . W EXT AZ31 BE B B ROR A A IR 2 BOUL S5 #4081 PR BE 1Y 32 1

(a) 250 V (b) 300 V (c) 325V (d) 350 V
Bl 184 A o A AR 2 1 R B 5 Bl
Fig. 1 Surface morphologies of the MAO coatings
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Fig. 2 Cross—sectional morphologies of the MAO coatings
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Table 1 Corrosion potential of the MAQO coatings

Corrosion potential/V

Immersion time /d

250 300 325 350
1 -0.95 -1.09 -1.15 -1.03
5 -1.13  -0.98 -1.11 -1.08
7 -1.27 -1.08 -0.93 -1.27
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Fig. 5 Variation curves of corrosion current density(I.,, )

of the MAO coatings with immersion time
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Table 2 EIS data of the MAO coatings

Immersion R/ R,/ R./
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time/d  (Q+cm®) (Q+cm®) (Q-cm’)
1 83 1092 11658
250 V 5 81 1274 7215
7 78 153 4136
1 87 1277 12507
300 V 5 86 632 8326
7 80 1066 6124
1 82 4097 12623
325V 5 79 1276 7463
7 78 459 6425
1 89 1023 12302
350 V 5 87 1249 7641
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Fig. 8 XRD spectra of the MAO coatings after immersion
in the SBF for 7 days

2.4.2 Oy BRI

FEAN ) L T i) 28 08 A oI 4R Ak Tk U2 AE 1 AR
Vo HEL YR YA [ B [ ) O 2 R SO SR AN &1 9 B

Y &9 WHT: U )2 R R TR . AEAR
250 V Rl ZRH 5 KM 7 K5, R
TR R E K . FEHL R 300 Vi 350 V
T A A U 2 38 2 B JC O S ek BT, LS e bt
TR, 1M 325 V FHlFMIRERNERBE
e B ] 5 3 T 49 LA A X 2 4 oty 24 80 A s el
B, 3K U8 B HLBE A A 0 U il v BE AR B T R OR R
o MBS AL 5 L H A BN 0 T ol F A B R
KA AL 2 BT — 3.
2.4.3  FMIEH M

10 g AS [r] v H T 1 45 09 oo S Ak O 2 7
PitE W R 7 RIG W2 WIS, o] WAE 250 V
T A R 2 2R A TR DU R b A )



() 250 V.1.d (b) 250 V5d () 250 V 7.d (d) 300 V 1d (e) 300 V5d()300V7d
(1) 325 V.1 .d (h) 325 V5d () 325 V7d (g 350 V1d (k) 350 V5d(D35 V7d
P9 B A < TR A A TRk V22 7 7 2 90 LR QLA T B i) 9 027 Bl B O 5

Fig. 9 Optical microscopic topography maps of the MAQO coating after immersion in SBF for various durations
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