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Effect of second phase particles on
localized corrosion of Mg-Gd-Y-Nd-Zr alloy

LIU Jun, CHEN Ming-an, MA Cong-cong, HUANG Yu-di, ZHANG Xin-ming, DENG Yun-lai

(School of Materials Science and Engineering, Central South University, Changsha 410083, China)

Abstract: Based on in-situ corrosion observation, the corrosion mechanism of Mg-Gd-Y-Nd-Zr alloy in 3.5% NaCl
(mass fraction) solution was investigated by optical microscopy (OM), scanning electron microscopy (SEM), energy
dispersive X-ray spectrometry (EDS) and saline immersion test. The action mechanism of various second phase particles
on localized corrosion of the alloy was also studied. The results show that pitting is the typical and obvious feature in the
initial stage of corrosion. Gd-rich and Y-rich particles promote corrosion of a-Mg as cathode of corrosion galvanic cell,
while both Mg in Zr-rich particle and a-Mg close to Zr-rich phase corrode preferentially. Moreover, the exact location of
corrosion is concerned with the orientation between the second phase particle and the matrix. In the process of localized
corrosion, the second phase with higher content of RE elements or Zr shows better corrosion resistance. Furthermore, the
area distributed with intensive second phase particles exhibits better corrosion resistance, which is ascribed to the barrier
effect derived from the interaction between particles.
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Fig. 1 SEM images of extruded-T5 Mg-Gd-Y-Nd-Zr alloy:
(a) Area with Gd-rich particles and Y-rich particles; (b) Area
with Zr-rich particles
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Table 1 EDS analysis results corresponding to Fig.1

Point Mole fraction/%
Phase
No. Mg Gd Y Nd Zr
85.03 7.25 2.72 5.00 - Gd-rich
40.69 1847 38.83 2.0l - Y- rich

1
2
3 7.21 - - - 92.79  Zr-rich
4 9697 156  0.93 0.35 0.19 o-Mg
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Fig. 2 Corrosion morphology (OM) of alloy after immersion AR R A ol s X3 B 1R s FE A (L P 3(as)) &
in 3.5% NaCl solution for 8 min EEpr Ao/l S /N A /L S IR SN el 78

Microcrack
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Element w/%  x/%
(¢} 37.27 47.45
62.73 52.55
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Fig. 3 SEM images of alloy corrosion surface after immersion in 3.5%NaCl solution for 8 min and 1 h, respectively: (a)
Immersion for 8 min; (a,) Magnified image for region 4; (a;) Magnified image for region B; (b;) Immersion for 1 h; (b,) Magnified
image for region C; (b;) Magnified image for region D
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Fig. 4 Morphologies and EDS analysis results of Gd-rich
particle based on in-situ observation method: (a) Before
immersion; (b) After immersion for 8 min; (c¢) EDS linear scan

results of elements after immersion for 8 min
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Fig. 5 Morphologies and EDS analysis results of Y-rich
particles based on in-situ observation method: (a) Before
immersion; (b) After immersion for 8 min; (c¢) EDS linear scan

results of elements for Y-rich particle 1 after immersion
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Bl 6 freiitli)e s AW AL & Zre K
T AITESAN RE S 73 H
Fig. 6 Morphologies and EDS analysis

results of Zr-rich particles based on in-situ
observation method: (a;), (a,) Before
immersion; (b)), (by) After immersion for 8
min; (c¢) EDS linear scan results of elements

for Zr-rich particle 2 after immersion

T AR E SR AR A 1) SEM &

Fig. 7 SEM images of region with intensive distributed second particles: (a) Before immersion; (b) After immersion for 8 min
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