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Effects of cerium on performance of
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Abstract: The effects of cerium content on the microstructure and electrochemical performance of Al-7Zn-0.1Sn (mass
fraction, %) alloy were investigated by scanning electron microscopy (SEM), X-ray diffractometry (XRD),
potentiodynamic polarization and electrochemical impedance spectra measurements. The results show that cerium can
refine the crystalline structure and make the microstructure of Al-7Zn-0.1Sn alloy transform from bulky dendrite grain to
fine equiaxed grain. Proper cerium addition is effective on improving the electrochemical properties of Al-7Zn-0.1Sn
alloy. The corrosion potential shifts negatively and the current efficiency increases with increasing the cerium content.
The optimal electrochemical performance can be obtained when the Ce content in the alloy is 0.5%. The current
efficiency of the Al-7Zn-0.1Sn-0.5Ce alloy increases by 10% than that of Al-7Zn-0.1Sn alloy.
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Table 1 Nominal chemical compositions of experimental
alloys
Mass fraction/%
Alloy No.
Al Zn Sn Ce
I Bal. 7 0.1 -
Il Bal. 7 0.1 0.3
I Bal. 7 0.1 0.5
Y Bal. 7 0.1 0.7
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Fig. 1 Metallographs of Al-7Zn-0.1Sn-xCe alloys: (a) x=0; (b) x=0.3; (c) x=0.5; (d) x=0.7
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Fig. 2 SEM images of Al-7Zn-0.1Sn and Al-7Zn-0.1Sn-0.5Ce alloys and EDX spectra of precipitate: (a) SEM image of
Al-7Zn-0.18n alloy; (b) EDX spectrum at position 4; (¢c) SEM image of Al-7Zn-0.1Sn-0.5Ce alloy; (d) EDX spectrum at position B
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Fig. 3 XRD patterns of aged Al-7Zn-0.1Sn-0.5Ce alloy
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Table 2 Electrochemical performance of Al-7Zn-0.1Sn-xCe

Alloy No. X @ocp (Vs SCE)V  @eep(vs SCEYV — 5/%
I 0.0 —1.009 —0.879--0.909 76.5
I 0.3 —1.051 —0.902—-0.915 79.7
I 0.5 —1.096 —0.956—-1.012 86.3
v 0.7 —1.058 —0.933—-1.008 84.8
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B0 T BHAR B 43 1 v R4 S



154 A G EE R

20154FE 1 H

4 Al-7Zn-0.1Sn-xCe &&= B B0

Fig. 4 Corrosion appearance of Al-7Zn-0.1Sn-xCe alloys: (a) x=0; (b) x=0.3; (¢) x=0.5; (d) x=0.7
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Fig. S Polarization curves of Al-7Zn-0.1Sn-xCe alloys in

3.5% NaCl solution
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Table 3 Corrosion parameters of Al-7Zn-0.1Sn-xCe alloys in
3.5% NaCl solution

Peore (Vs SCE)/ Jeon! R,/
AlloyNo. «x 5 )
A% (A-cm ©) (Q-cm)

I 0.0 —-0.968 5.804 X 10°° 3520

II 0.3 -1.027 5.729X107° 3093

I 0.5 -1.043 2.377X107° 785

v 0.7 -1.053 4.759%X107° 635

AR AR, A AR et
AL
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Fig. 6 Electrochemical impedance spectra of Al-7Zn-0.1Sn-

xCe alloys in 3.5% NaCl solution
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Fig. 7 Equivalent circuits of Al-7Zn-0.1Sn-xCe alloys in
3.5% NaCl solution

1.0

I
oo
T

o
[e)}
T

J ‘\
m—Alloy I, experiment &
0—Alloy [, calculation
®— Alloy II, experiment
o—Alloy II, calculation
A — Alloy III, experiment
A — Alloy III, calculation
* — Alloy IV, experiment
©— Alloy IV, calculation

~Z,./(kQ*cm?)
(=]
S

<
)

(=)

|
=4
N}

Z,J(kQcm?)

8 Al-7Zn-0.1Sn-xCe H<&7E 3.5%NaCl ¥l AL
BEL BT P S B RIS fih 25
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Table 4 Parameters of equivalent elements in equivalent circuit for Al-7Zn-0.1Sn-xCe alloys in 3.5% NaCl solution
Alloy Ry Ry/ o/ Ry/ (0% R/ Ry/ Ly/ Ry Ly/
No. (Qem?) (Qem?) (Q em s (Qem?) (Qlem s (Qem?) (Qem?) (Heem?) (Q-em?) (H-em?)
I 0 429 9.57 1.49X107° 090 17.14 1.25X10° 0.84 896.7 249.5 49.3 868.5 23.6
I 03 527 1069 533X10° 0.81 1001 567X10° 079 868.6 11562 3902 2125 46.0
I 05 359 1238 6.65X10° 083 8.97 2.54X10° 0.88 1057.1 2189.6 46.7 379.6 753
vV 07 335 7.41 1.24X107°  0.83 12.88  2.14X10° 0.87 13823 379.7 66.2 19833 424

BH R, JO5 bk 28 eby v for 5% B8 WO BEL Ry T ¥R E
Al-7Zn-0.1Sn & & B AT LA 896.7 Q,
Al-7Zn-0.1Sn-0.3Ce &M A FEK, 0 868.6 Q, Bl
H Ce TGN, A4 % s, 4 Ce
TN 0.7%IN, G e R HIBH A K 1382 Q.
RN Ce JCHE G, GaMIERERAL, e
PPERS I, S5 HTA &, Ce JCE W] LAMG N
Al-7Zn-0.1Sn &4apIaEtE, JF g b B S Hhite,
DAL AT A O FB R AR o (R BURBTINER R %5 4
X p i LGRS s — P G T A R
by i el

3 Zig

1) Ce JLE A IIAII/N Al-7Zn-0.1Sn &4 I
P G AT E AT, GRS -S4 SME, H Ce
IR R LY R [ s e S EAYNN E NG & N T R
B AR, JFIERL Al,CeZn,y HH

2) Ce JGE IR IIVFEAIC Al-7Zn-0.1Sn &4 1T
P HA RN AR AL, PR G i B AR Sk It
JE MBS

3) Al-7Zn-0.1Sn &4t Ce il BV I &
0.5%. Al-7Zn-0.1Sn-0.5Ce 75 4x M4 AL 22 1 BE I
FE, JF WA A —1.096V(vs SCE), Hi ¥l 2% ik 3
86.3%(i% Al-7Zn-0.1Sn H&MHEE T 10%), JEHIE
5]
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