5520 %55 3 ] FEEEEEFR 2010 4E3 A
Vol.20 No.3 The Chinese Journal of Nonferrous Metals Mar. 2010

XEHmS: 1004-0609(2010)03-0397-10

FEAFEHFRBESE AZIID 3254
R R HITA

ROV BER, THE, ARER EREL mAKE!
(1. VHERAE MBLREE S TRE2ABE, WA 210098;
2. WHTAHFEA BT, il 310020)

8 . RAEALREM. AR R A 22 R, F AR A B R S AR A i AZ9 1D BEA S M TE 3.5%(
BB G IR AT . GE AR AN AZ9ID BEA S o VARSI /N1~2 um); S 44
PR B AHBE AR ANALRE 10 pm 2245 TRRET, FIS7 B35 0 AT o AR s TEAR AL BAR & S e S &N B 1)
fif b, RIS B SIS SRR A . AR R SR R B B L AL AE B UG A
FIRSAG FELRE, LA 4 B AT S e el e e A8 jle ™ B (R 3 A0 i e SRS AT e R IR R 2 AN — 28
A o WAL S P (IR R = AR K B i e A R, WO R R AR RN B
AR 2 T BELIE JGE A B 18] oo [ A3 8 110 S5 A

KHEiE: AZ9ID: HAIN; SRMBE; AT A

PESES: TG171 XERFRINAD: A

Corrosion behavior of ultra-fine grained bulk AZ91D Mg alloy
fabricated by equal-channel angular pressing
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(1. College of Materials Science and Engineering, Hohai University, Nanjing 210098, China;
2. Zhejiang Special Equipment Inspection and Research Institute, Hangzhou 310020, China)

Abstract: The corrosion behavior of the equal-channel angular pressed (ECAPed) bulk AZ91D Mg alloy in 3.5% (mass
fraction) NaCl solution was investigated by optical/electron microscopy observation, in-situ corrosion observation,
constant immersion tests and electrochemical measurements. The results show that the ECAPed AZ91D with fine grain
size (1-2 um) obtains a-phase matrix, and the original net-like coarse S-phase is broken into uniformly distributed fine
[-phase particles with a size of about 10 um. The corrosion resistance of the ultra-fine grained (UFG) AZ91D Mg alloy is
obviously weakened, with more severe corrosion damaged morphologies, higher corrosion rates, larger corrosion current
density in the polarization curves and lower fitted corrosion resistances in the EIS plots. Due to the homogenously
distributed fine f-phase particles, the UFG AZ91D Mg alloy presents a trend of change from localized corrosion into
severely uniform corrosion. Two factors lead to the weakness in the corrosion resistance of the UFG AZ91D alloy. One is
ECAP deformed a-phase matrix with more corrosion activation, resulting from strain-induced crystalline defects (e.g.,
energetic high-angle grain boundaries and dislocations). The other is ECAP refined f-phase, providing no barrier to the
corrosion propagation in a-phase matrix.
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AZ91D BEG G IR R B HEN T S5 HI a(Mg) [ %
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Table 1 Main chemical compositions of raw ingot cast

AZ91D Mg alloy (mass fraction, %)

Al Zn Mn Fe Cu
9.05 0.65 0.206 0.002 7 0.002 9

Si Ni Be Cl Mg

0.041 6 0.000 7 0.000 8 0.001 1 Bal.

i=—— Plunger

Sample

1 SR TR
Fig.1 Schematic illustration of ECAP processing
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Fig.2 Optical microstructures of as-cast (a) and UFG AZ91D
alloys (b)
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B3 #5l SOl Al AZ91D B4 41 SEM 1%
Fig.3 SEM images of as-cast (a) and UFG AZ91D alloys (b)

B4 @418 AZ91D B4 41 TEM 4
Fig.4 TEM image of UFG AZ91D Mg alloy
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Fig.5 Micro corrosion features of as-cast (a) and UFG
AZ91D alloys (b) after in-situ corrosion
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Fig.6 Morphologies of as-cast (a) and UFG AZ91D Mg
alloys (b) after being immersed in 3.5% NaCl solutions for 48 h
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Fig.7 SEM image of UFG AZ91D alloy after being immersed
in 3.5% NaCl solution for 48 h
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Fig.8 Mass loss rates of as-cast (a) and UFG AZ91D alloys (b)

during whole immersion period in 3.5% NacCl for 48 h
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Fig.9 OCP curves of as-cast (a) and UFG AZ91D alloys (b)

during immersion in 3.5% NaCl solution in initial 300 s
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Fig.10 Potentiodynamic polarization curves of as-cast (a) and
UFG AZ91D alloys (b) during immersion in 3.5% NaCl

solution
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Fig.11 Nyquist plots of impedance spectra and fitted R,
of cast and UFG AZ91D Mg alloys in 3.5% NaCl solution:

(a) Nyquist plots obtained from initial immersion stage;
(b) Nyquist plots after immersion for 48 h; (c) Fitted R, during

whole immersion period
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Fig.12 SEM image of as-cast AZ91D after heating (a) and its

Nyquist plots of impedance spectra immersed in 3.5% NaCl

solution for 48 h (b)
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