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Effect of annealing temperatures on
microstructure and properties of magnesium alloy anode sheet

SHI Kai, WANG Ri-chu, PENG Chao-qun, XIE Li-chuan, JIN He-xi, FENG Yan, CHEN Ya-jin

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

Abstract: Annealing treatment was carried out on the hot-rolled magnesium alloy anode sheet at different temperatures.
The effects of different annealing temperatures on the electrochemical and self-corrosion behavior of magnesium alloy
anode were investigated by galvanostatic tests, potentiodynamic plorization and immersion tests in 3.5% (mass fraction)
NaCl. The microstructure and the corroded surface of the experimental specimens were observed by optical microscopy,
scanning electron microscopy and X-ray diffractometry. The results show that static recrystallization occurs during the
annealing treatment, the magnesium alloy sheet shows completely recrystallized microstructure after being annealed at
250 and 300 °C for 1 h. After being annealed 300 ‘C for 1 h, the magnesium alloy sheet has the best electrochemical
activity, whose discharge electrode potential can be up to —1.654 V(vs SCE), but its corrosion resistance is the worst and
the corrosion current density is 180.38 uA/cm2.
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Table 1 Chemical composition of magnesium alloy anode

(mass fraction, %)

Al Pb Zn Mn Fe Cu Ni Mg

6.15 481 096 028 <0.02 <0.02 <0.02 Bal
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Fig. 1 XRD patterns of magnesium alloy anode by hot-rolled(a) and annealed at 300 ‘C for 1 h(b)
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Fig. 2 Microstructures and EDS analysis of hot-rolled magnesium alloy anode: (a) Optical micrograph; (b) SEM image; (c) EDS
spectrum of point 1 in (b); (d) EDS spectrum of point 2 in (b)
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Fig. 3 Optical micrographs of magnesium alloy anode after different annealing treatments: (a) At 200 °C for 1 h; (b) At 250 C for

1 h; (¢) At 300 °C for 1 h; (d) At350 °C for L h
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Fig. 4 SEM images of magnesium alloy anode after different annealing treatments: (a) At 300 C for 1 h; (b) At 350 C for 1 h
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Fig. 5 H, evolution volume—time curves of magnesium alloy

anode
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Fig. 6 Potentiodynamic polarization curves of magnesium

alloy anode
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Table 2  Electrochemical parameters of magnesium alloy

anode
Condition Peorr (Vs SCEYV  Joou/(nA-cm %)
Hot rolled -1.625 140.42
200°C,1h -1.653 160.90
250 C,1h ~1.664 174.39
300°C, 1h -1.680 180.38
350 °C, 1h -1.601 78.90

8%, JED R W OR, AL 140.42
pA/cm® B9 h05) 180.38 pA/em?®; 2) 2350 CiBK 1 h
J, BB I A IEAS R ok A N &
78.90 uA/em’. FLHIA MAANFEIZIE K 1h 5, B4
AR T8 Ak LA 2% H K & /NI A 2k 300 °C
IB KA. 250 CIBAKA 200 CiB k& #4504, 350 C
B, R SO, & 4 ok sz,
5&@% S 25 RAHRF

K 7 Fios Bt G PIAE 3.5%(T 4 $)NaCl
s 2 h JER B A AR 2. NI 7 AT LA
22 higifl)a, BIAROE R R R AF s PR A,
VLA b= ) 2 4E NaCl WPk . A8, ANpE
BELRSE 75 4 PE R P BE AR A«
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Fig. 7 Potentiodynamic polarization curves of magnesium

alloy anode after corrosion for 2 h in 3.5% NaCl solution
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Fig. 8 Galvanostatic curves of magnesium alloy anode at

current density of 180 mA/cm?
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Fig. 9 Cross-sectional SEM images of magnesium alloy
anode: (a) Hot-rolled; (b) Annealed at 300 ‘C for 1 h
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Fig. 10 XRD pattern of corrosion products of magnesium

alloy anode annealed at 300 C for 1 h
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