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In-Situ Monitoring the Pitting Corrosion Process of
GWI93 Mg Alloy and Related Pitting Corrosion Mechanism
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Abstract: Mg alloys, as the lightest structural metallic materials, have many excellent properties. However, the chemical
activity of Mg is high, resulting in poor corrosion resistance. Especially, Mg alloys are susceptible to pitting corrosion with
great destructiveness and hidden danger. To decline the negative effect of pitting corrosion on the safe service of Mg alloy
parts, it is necessary to clarify the pitting corrosion mechanism of Mg alloys. The classical pitting corrosion mechanism of oth-
er metals is based on the formation of oxygen concentration cell, whereas cathodic hydrogen evolution reaction occurs on Mg
alloys. Thus, the pitting corrosion process of Mg alloys needs to be investigated in detail. In this paper the pitting corrosion
process of GW93 cast Mg alloy is monitored in-situ using SVET ( scanning vibrating electrode technique) in 3. 5% NaCl so-
lution; the corrosion morphologies are observed using SEM ( scanning electron microscopy) ; and the effect of cathodic and
anodic potentials on the pitting corrosion process is compared using electrochemical measurements. The results indicate that
the microcathodes locate in the outside of corrosion pits and hydrogen evolution reaction occurs there, while the microanodes
locate in the interior of corrosion pits and Mg dissolution reaction occurs. The pitting corrosion process dynamically changes
with increasing corrosion time. The synergistic effect of the microgalvanic acceleration resulted from second phases and en-
richment of chloride ions in corrosion pits is the driving force for the propagation of corrosion pits towards the interior of Mg
substrate.
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Fig. 1 SEM images of the microstructure of cast GW93 Mg alloy: (a) low magnification, (b, ¢) high magnification
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Fig. 2 Optical photos and current density distribution of GW93 Mg alloy immersed in 3. Swt% NaCl for various durations using SVET in-situ
tests; (a, b) 20 min, (c, d) 90 min, (e, f) 24 h



88 Hh A i

539 %

BaRE, 1~6 {7 B8 ik S B AR B X, & A i U
(2H,0+e” =H,+20H") "™, SR, FEik 28 8 il ot J& -
A M0 ) AR Fh R, 10 PE RS XA sk AT P, X
HHELEMRL SRR EA L, RIFE 5 ik A JE 1K B
R /INBEAK P Il B FRL S, e Bl T P R B A X, R R 4
JER AR N, R RIS IR X, & AR I 2 i
N, AFBARR SR 2 R 58 4 AN TR], BE A 4 B AR J2 A 0 2 AT
RN, THE 4w BN e A 0 S B IR R N, A4
MR B SRR 6 T T A BB A B G 7
B, EHEREESAE LERNOA, SO HERER,
FEUH XL X I % A B I ST R RO, R T RN RS
e AR, AR S, A e W I T R T
AL

Bl RS RIS I, An &l 2¢ A1 2d s, AR
SREEARLE | XN F O R 43 A T e €0 DX AR
RV IF R PR 0% A /DN 3 B S e s ok AR 1, R
SUECRIR R 6 A, Y RET G N% 24 h B, & 2e
W2, 3, 516 500 B AT LR RIE S, TGk
N5 3 I 0 ) 0 S A obR e t SRR, T 1 RN 4 S B TR
MBS UAEAE, MR 2f 1 S B E O
(LR BF AR AR B S /N, 4 57 B G T 4 IX I Ok
FEIZA SR L 285 1k

zi AR, GW93 & 4:7E 3. 5% NaCl I i Hh AE %
HOE R, B R D 3, ekl R s A AR Ak,
PRy e 2 A L B S N e B N T ) A Wl 7/ I 5
Py e, MR W SH B M, Bl T
SVET BEfE W % 5 R AL /N, ASBIFFERE v I oK B
R B A R S
3.3 SMMEEAIXTEES GWI3 A& R MA BN

SVET Z5 LW, GW93 ££4 4 7E NaCl ¥ i H IE A%,
TR, SR ET N EBAA, AS R ITANE B
P N PR v N [ S DR | 2 R ER VRS S ey A1 B
FErEA s, I SE T AN e 7 Xt GW93 B A 4 ki ik
RIRRFEWELAEE A T R PR IE E A AN IR, eI
T2 CGW93 B 41 3. 5% NaCl IS TPt fhith 2k, 45
FnE 3 PR, BRI A, GWo3 B4 A 1E 3. 5%
NaCl AR BEM £, -1.85 V vs. SCE, FHRIX Ff
AL ETER , PR B % B 28 1 n, R BH AR X A7
TE RS, FERRBNERZA-1.63 V w.
SCE J&, MZe& AT, mis B s, &
AR R R LAY B o RTIARF ST AE SR GW93
GaTATERER LITER, ERMA BT i A
e B, DA A7 7 B AR Ak X AR i 28 B 1 o ol 2
W SRS & A A AR Y 4 B R, B E %
AR B 5 i AR AUl SR T BT A LA X GW93

B B T R SRR SR, B A PR A LM L A5 W A

rrrrr

141
150 E_+0.25V
1.6}
A7h
1.8+
-1.9F

Potential/V vs. SCE

2.0

21+

-2.2

7 -6 -5 -4 -3 -2 -1
log(current denstiy/A cm?)

F 3 7S GW93 BEA4E 3. 5% NaClIE R h Mk (Ll 2k
Fig. 3 Polarization curves of cast GW93 Mg alloy in 3. 5wt% NaCl solution
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Fig. 4 I-T curves of GW93 Mg alloy in 3. 5wt% NaCl solution with
positive applied potential £, +0.25 V (black) and negative

applied potential £, ~0.25 V (red)
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Fig. 5 SEM images of the morphologies of GW93 Mg alloy in 3. 5wt% NaCl solution with positive applied potential E

(a) and negative applied potential £, ~0.25 V (b)
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