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Anti-corrosion properties of micro-arc oxidation films on
AZ31 magnesium alloy irradiated by high-intensity pulsed ion beam
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(1. College of Transportation Equipments and Ocean Engineering, Dalian Maritime University, Dalian 116026, China;
2. Surface Engineering Laboratory, School of Materials Science and Engineering,

Dalian University of Technology, Dalian 116024, China)

Abstract: The microarc oxidation (MAO) films on the AZ31 magnesium alloy were modified by high-intensity pulsed
ion beam (HIPIB) at an ion current density of 200 A/cm?® with 110 shots. The surface and cross-section morphologies of
the MAO films were characterized by scanning electron microscopy (SEM). The polarization curves of the MAO films
were measured by Princeton Applied Research 2273. The results show that a continuous and compact sealing layer forms
on the MAO films by HIPIB with 5 shots. The polarization curves in 3.5% NaCl solution show that the corrosion
behaviors of the MAO films transit from active dissolution of original films to pitting-breakdown of irradiated, and the
breakdown potential achieves to —800 mV (vs SCE) at ion current density of 200 A/em® with 5 shots. The noticeable
improvement in the corrosion properties of MAO films is attributed to the blocking effect of the sealing layer that hinders
the process of electrolyte penetrating the MAO films to the magnesium alloy.

Key words: magnesium alloy; high-intensity pulsed ion beam; micro-arc oxidation; corrosion

e HAr Tk Ewf W e @i by SImERRL” o HErse e e E N AERT R TR
G O PR N R YT 13 8 T AN 0 5 G TN NP 7 I X o DR W RS 71 B P SR P R d BV R e
A, SIEREF RRLBERRE TR TR L 2NERE T RAME AN A S AR 5 52 2 A A S A
4fs By L. ATEEMMAEE L “21 skt TR R, ABRS Gt RYERER AR T A, RO

BEETEH: &R LR AL T 4:(20102125120008)
Yis HEA: 2011-05-20; f&IiTHER: 2011-07-09
BIEESE: AL, B¥, Wl Wih/AkI: 0411-84723376; E-mail: xghan@dlmu.edu.cn



338 A G A R

201242 H

PRI TS A RS i )2 N . BESid
PEREZE M) FE RIS — 2 SR tu bl Hi A7 ol
=237V, 1% HE B MR EAL, 45 HARE )R
PRI T 5 JEE Tt F AR T B389 ' DAy G B W i ke
W . M Pilling-Bedworth JREE, 4% ALl fe b
TE AR AR RA K T A X S48 A ) P T FE 4 1R 4
FARI AL S0 R 2(PB L) KT 1 i), i) Bf
TRAER . B G RIE SR SRR 2 4L, B0%
REH 0.84, MAREIEHAEE PRI o

H T ECES G ERtERE, DY RS S
FH AR, A TR A0k e AR Y T et B 5 46 1) T
MvERE. WHRINEEEARE P BORER A
b LA = R L 1] Y SR A I Y € 8
D70 L B AR AR A R R K 1) — Bl ¥ 2
AR FREAR, N A S IR A ZEA L, HTAL P
B, IREERCUE, AAALTBERERE . B R I s 45
PERE AL G SR AL I B2 4 v, HH TG4
TR Bt B, T80 2 AR A I 1 B
BSOS FRLEAE,  [R] E AEUA JBE F) S80 R EBAMIE AEARR
TAFAEALRER, Ok Jo5 Tl i i A A I N B 6 S B A4
At 7w, R PG TS i e R R — P R

B e IIAE U 5 T 118 L B3t e PR ) F i e P 3
R E I E IR, b A B A R 1
(18] LB RS A B ey B <0 T P70 T P Y DX Bt i)
R SN P ) LB AT L Ak 37 9% 3 A K5
i THUELL RATHUE LD P55 057, X ey
EBIRE A — B R X AR IR LR AT BT, 4
RS A I PERE, AR, IR TVEA A R oA
YO EARE N LB AT I A, B S s
JoT b IR 22 AR X L T Rl A SR ROCRAT R
T EREAN R IR s, EE 2 A S v R P [R] I 4
AN FRIBEE « D5 DL R Ak 535052 S A5 K 5

BB el AR A B 2 1T S PR A R el R, AR
SCAE 7 A F K T AR i 3 BK B 1 O (High-intensity
pulsed ion beam, HIPIB)4 AN £ S A AU IR EA T
PR B, BFS O R S AIRAE 3.5%NaCl ¥
TR AT R, B R R P A A ) i
TEEFA R

1 I8

K AZ31 B4 45 (A13.0, Zn 1.0, Mn 0.2, H4N
Mg, Fia i 8O/ERHAR, RARPAWEE 42 1000 5 /5
W £ o BLR B 230318 30~50 g/L NapSiOs il 5 g/L

NaOH i il (R Bk P Aok R SR 3578k LR VB(E B B 3R 1T
il £ R 2020 25 pm MBI A R o B S A6 7
TEMP-6 5yt Bk vh 8g 1~ ke B b Ar Bl i T gk
17, BERSEN 6 Jem?, HOREEEN 200 A/em?, 45
HRUCECh 1~10 IR, fEELZS B4 3X 107 Pa 4514 F X4
AT HR AL B o et A JBE 1 SR TR R R T B 3K
F JISM=5600LV 24494l S Tl B0 4¢, SHIMADZU
XRD-6000 % X ST S 3 B it e T AH 45 4 o 2
PR )55 it e DR AE PAR 2273 U HIAb2E TAE
sl FRHT, TARRSRMESN = mRiA R, WAEHK
AR S LE AR, B A B i, B G S AL
PR AR AR, 3.5% NaCl ¥WBUE A B i

2 FHR51R

2.1 BERWNEEERESEFERAZ

B 1 TR b JEUE AR Al 200 Alem® HEHR
WHCH 1~10 IREME FEEA Mol AL IER T SEM
%o HE AT, JRAESEAIER T 2 KA
WORLZ %, ORI AL JG AR, AR 2 ) 7 A
WAL, FLRBEA AL . MILERLILMCK, KN
A HA AR S LT g2 BT RoR A AL R
P T HL 328 R P 5 T N A PS8 TSR3 A7 e A4 4L
X TS SEMIVE L R TR R MgO H8E3E
PRI 2 ECh 0.81(< DI, AT A I P A7 48
KN P AR R (LB 1(a))e 2R AR B 200
Alem’ (¥ HIPIB X85 15 G AR A S 1 A T4 B AL B
61 AR ISR PE T, SRR T FL PR L SR AR S A
FLBRBE G IR . X AT REAE T AR A LR,
HIPIB ## M fE LB S pe s, P Ak et bl
BRI s S RRE R T R A T, Ok Y1 AR A5 R
1, FLBREERD L 1(b)). MR ng) 3
R, FRIMEIETE ) 2%, FLBRRSTN, ot —
A, BRERTIE &R 2 R, AR
SRS, BRI ILRAZ 50 pm X 20 pm FoS
IR 1(c))e 3G IR R 5 ki, AR AR
RN ECE, FLBRSEAIH R, R A X A —
DHEINR]Z) 100 pm X 50 pm,  FEE I 38 Fl A A2 H )
FLBRAE B AR IEH N @ sy, PR RIGAAETZ
FH T 55 SRR R Z e il FH 7 A P A A R ks (. 14
1(d)). £ HIPIB [/ ELeilifE HI N, HIPIB 48 AL
JEL P A R A B AR T AN S AR AR A B T = A ] Y
AR I LA R AR AN 3 T IR AN 50 7 A PR A,
TIxE A PP M M), X R 2 e sl s



22 55 2 W

FhBEOE, A SRR e T R R A AR A B TR T e A 339

RS PR S A e ] L L BTHR TR, ot S A I T ) LB
iDL K RS IR I KB E) 10 VX, HIPIB X
AR BT EE Y RIZ, 5 5 BRI LD, R
TESUREL T W AR, Zad 2 beih, (eI ETE
VFZ BB &, 0 X 0 AR A3 T 5 s (0 ]
1(e))-

T WES HIPIB 48 IO B < Ao A A I 2 45
RS SENR, O S B IR AR B S T M 5. & 2 Pt
RN JEUE AR T Ky 200 Alem® FEIRIRECH 1~10
OB B U A IR R R AT SEM 5. |1 1&1 2 7T
WL, JsU R S A AR TR ] 2 B Y AR S XU S A
AR SRR Z AL, JBEZ0h 20 pm, WEERON B,
JEEEL D 5 pm(ILIE 2(a)); LSRG RARES & AT,
XA Z TR R b K AR OB AR T ) Al
VIR AR pe s, TR IR e &, G T IE
i) % e R N L RS B AR 5 R IR, 22
HIPIB 1 U MR, 5l B L, e E
FLERE Bod b, A EAE A B G 2(b));
R IR IR 3 Y, ARSI M A TR
BOHHANESERIEAL 2, B2 A A5 B e (LK

Bl1 % 200 Alem’, 1~10 X HIPIB 4 i 65
A TR ) SEM 18

Fig. 1 Surface SEM images of original and
irradiated MAO films on AZ31 magnesium
alloy by HIPIB at 200 A/cm® with 1-10 shots:
(a) Original; (b) 1 shot; (c) 3 shots; (d) 5 shots;
(e) 10 shots
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Fig. 2
original and irradiated MAO films on AZ31
magnesium alloy by HIPIB at 200 A/cm?® with
1—-10 shots: (a) Original; (b) 1 shot; (c) 3 shots;
(d) 5 shots; (e) 10 shots
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Fig. 3 XRD patterns on surface layer of non-irradiated and

irradiated MAO films on AZ31 magnesium alloy by HIPIB at

200 A/em” with 1-10 shots
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Fig. 4 Polarization curves of MAO films on AZ31
magnesium alloy irradiated by HIPIB at 200 A/cm® with 1-10
shots in 3.5% NaCl solution
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