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Effect of Ce addition on microstructure and
electrochemical performance of AP65 magnesium alloy
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Abstract: AP65 magnesium alloys with different contents of Ce were prepared by melting and casting method. The effect
of Ce on microstructures of these alloys was investigated by XRD, SEM and EPMA. The electrochemical corrosion
behavior of AP65 magnesium alloy was studied by galvanostatic discharge, potentiodynamic polarization and immersion
tests. The results show that the rod-like or cluster-like Al,Ce phases and the bulk Al,Ce phases exist in AP65 magnesium
alloys with increasing the Ce content, leading to a great improvement of the electrochemical performance. The discharge
potential of AP65 alloy is shifted from —1.648 V (vs SCE) to —1.756 V (vs SCE) after adding 0.6%Ce (mass fraction),
while AP65 alloy with 4% Ce has the smallest corrosion current density of 19.66 pA-cm 2 and highest anode utilization
efficiency of 84.3% which is 16.6% higher than that of AP65 alloy without the addition of Ce.
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Fig. 1 XRD patterns of AP65 magnesium
alloys with different Ce contents: (a) AP65;
(b) APCe06; (c) APCe4
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R K2 BRI EPMA S A
Table 1 EPMA analysis on ingredients of different points shown in Fig. 2

B2 ANE Ce &8 AP65 BEE 4TS HUst
{%(BSE)
Fig. 2

Backscattered electron (BSE)

images of AP65 magnesium alloys with
different Ce contents: (a) AP65; (b) APCe02;
(c) APCe06; (d) APCe2; (e) APCe4

Mole fraction/%
Sample Point Phase analysis
Mg Al Pb Ce Fe
A 97.57 2.26 0.15 - 0.017 o-Mg
AP65 B 68.92 30.45 0.59 0.05 0.002 S-Mg;Al,
C 92.16 7.03 0.78 0.02 0.015 a-Mg
D 67.55 31.92 0.49 0.03 - -Mg;,Al
APCe02 B-Mgi7Aln
E 46.73 41.21 0.13 11.84 0.101 AlCe
F 44.77 43.67 0.26 11.22 0.087 Al,Ce
APCe06
G 70.50 28.79 0.65 0.07 - B-Mg,Al},
H 64.45 35.23 0.26 0.06 - -Mg;,Al
APCe2 B-Mgi7Aln
1 43.66 44.76 0.26 11.22 0.112 AlCe
J 64.45 35.23 0.26 0.06 - B-Mg,Al},
APCe4 K 30.49 55.07 0.01 14.34 0.095 Al,Ce
L 8.51 62.81 - 28.49 0.196 Al,Ce




1760 A G R

20154E7 H

|
—
[\
T

o(vs SCE)/V
I
(@)}

_22 1 1 1 1 1 1 1
-7 -6 -5 -4 -3 -2 -1 0
lg[J/(A-cm™)]
3 AIF Ce & &1 AP6S B 41E 25 CI1 3.5% A AN
TR K130 RS AR AL 2k
Fig. 3

Potentiodynamic polarization curves of AP65
magnesium alloys with different Ce contents in 3.5% NaCl

solution at 25 C

F2 AF Ce & AP6S Beir < A IR T AL (Peor) ~
T LR BE (Jeom) PR BEAE AR AR 26 (b)

Table 2  Corrosion potentials (@), corrosion current
densities (J.or), anodic Tafel slope (b,) of AP65 magnesium

alloys with different Ce contents

Sample Ocor(vs SCE)/V Jcm/(uA-cmfz) b,
AP65 —1.567 39.86 38.25
APCe02 —1.503 41.01 37.30
APCe06 —1.538 45.10 29.31
APCe2 —-1.412 22.58 34.53
APCe4 —1.552 19.66 75.11
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Fig. 4 Potential-time curves of AP65 magnesium alloys with

Discharge potential(vs SCE)/V

different Ce contents at current density of 180 mA/cm® for 600
s in 3.5% NaCl solution at 25 C

F3 A Ce &5 & AP65 B A< R IR T BIT8CHE FUA (9mean)
Table 3  Average discharge potentials (@men) of AP65

magnesium alloys with different Ce contents

Sample AP65 APCe02 APCe06 APCe2 APCe4
¢mean
-1.648 —-1.740 -1.756 -1.673 —1.646
(vs SCE)/V

Bty AR R AR (I PR AR T da T PR
BRI X, AP65 & & S IR ) Ce J
S-Mgi7 Al FIRGT/N H A BRI AT AE R 5 I 5
SR BRI IERIR Al-Ce #, GRS K
AT, A TR 9. Ce S EEE PRI
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Fig. 5 Surface corrosion morphologies of AP65 magnesium
alloys with different Ce contents after immersing in 3.5% NaCl
solution at 25 ‘C for 72 h: (a) AP65; (b) APCe06; (c) APCed
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Fig. 6 XRD patterns of corrosion product of APCe4 after

immersing in 3.5% NaCl solution at 25 C for 72 h
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Bk, PR A e m . Jit— i incent, &
G B R S FAARAS A 0 A I AL-Cefll, - Hp-Mg;4AlL,
AHI20E B APCe06 5 < AH LU /b, DRI <6 g OkE it
WD BHARAIFRAE . HCe il 4% B AR A
M &, 153 84.3%.

F4 A Ce B EM AP6S BEAEAE 25 CH¥3.5% AL
WV 180 mA/em® HUI A R 1 h (R BHAR A %

Table 4 Utilization efficiencies of AP65 magnesium alloy
with different Ce contents at 180 mA/cm? for 1 h in 3.5% NaCl

solution at 25 C

Sample AP65 APCe02 APCe06 APCe2 APCe4

Utilization
) 67.7 68.8 74.7 71.0 84.3
efficiency, #7/%

3 Zig

1) AP65 BE A4 s N Ce G &4 i RANESHOIR
AT B-Mg7 Al AR R SF B B>, it
MR AR AlLCe A, 4 Ce S EIEINE] 4%, dHN
TERCHUIR 1) Al Ce 4.

2) Bl Ce SrHt 3G, A4 1o il i a8 4 52 5
SN AN SRR S O LR VAP ek A=Y 2
JLr APCe06 BEA 4 110 65 il rRLAL 2% FEE AN 34015k v L A7
399k 45.10 pA/em? F1-1.756 V(vs SCE), LB HL & hT
LR AL PERE

3) 4 Ce THA 0.6%, AP65 HEA 4 HATH RN
FIARRI I, 4 74.7%, 1 Ce & T2 4%, Pk
FIH R IS 84.3%, JRIFET AP6S 4RIk
*H (ﬂ'MgnAln *ﬁ)éﬁ%’%‘)ﬁddﬁﬁ&", ﬁéﬁg,ﬂﬁgﬁzﬁﬁﬁ%
ko MO Al-Ce tb BRI A, BEdRE & A M ot
PE, HAEEBRL &b, BRI H 24 .
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