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Fig. 1 SEM images, second phase size and fraction diagram of Mg-9AIl-1.5Bi-0.5In alloys: (a), (b) Forward extrusion;
(c), (d) 1 pass; (e), (f) 2 pass; (g), (h) 4 pass
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Fig. 2 SEM images (with EDS), grain size distrubition diagram of Mg-9Al-1.5Bi-0.5In alloys: (a), (b)Forward extrusion;

(c), (d) 1 pass; (e), (f) 2 pass; (g), (h) 4 pass
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Table 1 Dislocation density of Mg-9Al-1.5Bi-0.5In alloys

under different extrusion conditions

Pass number Dislocation density/(10" m™)

0 1.9067
1 2.2355
2 2.3843
4 3.3310
*— a-Mg
¢— Mn,Al,
T v— Mg;Bi,
4 pass  « *‘l .
vy TP * A Xy Kk
2 pass ‘l
A l A A A J\___La__ﬁM__
1 pass l n
0 pass
T L . NS
20 30 40 50 60 70 80
20/(°)

B3 ARREFHIRE N Mg-9Al-1.5Bi-0.5In & 4 XRD i
Fig. 3 XRD patterns of Mg-9Al1-1.5Bi-0.5In alloys under

different extrusion conditions
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Polarization curves of alloys under different
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Table 2  Corrosion parameters of alloys under different

extrusion conditions

Pass oo B/ B/
number Peond V (MA-cm™) (mV-dec™) (mV-dec™)
0 -1.48703 130.22 29.72 -21.19
1 -1.48174 63.48 6.84 -17.38
2 -1.48713 126.63 8.27 -19.11
4 -1.47426 92.71 5.93 -14.91
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Q/em?®. 27.62 Q/cm?. 11.44 Q/(cm>+s), W ECAP
TEUCH 2B, A4 0 AT T AT -
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Fig. 5 EIS of alloys under different extrusion conditions: (a) Nyquist diagram; (b) Equivalent circuit
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Table 3 Electrochemical parameter of alloys by fitting EIS

Pass number RS/(Q'cm'2) Rct/(Q'cm'z) Cpp/(Q7' cm™+5") R,/(Q+cm™) L/(Q-cm™+s7™h)
0 0.956 111.2 6.567x107° 14.38 378.6
1 1.291 47.0 1.837x107° 52.14 17.37
2 1.619 35.97 3.233x107¢ 27.62 11.44
4 1.187 47.84 2.542x107° 43.92 23.90
-1.20
(a) — (b) — 0 pass
> 08f — (l)pass > —125 —— 1 pass
2 pass f\ﬁ —— 2 pass
O —— 2 pass O _ o
@ -1.0F — 4pass 2 1.30 4 pass
> >
= — =135
E -12f =
5 5§ -1.40
g _14f g
gb ’ 8 -1.45
s s
Zé -1.6 B é -1.50
S -1ss
_18 1 L 1 1 L 1 1 1 1 1
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Discharge time/s

Bl6 ARG IRES < LI 26

Fig. 6 Constant discharge curves of alloys under different extrusion conditions: (a) 10 mA/cm?; (b) 120 mA/cm?

Discharge time/s
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Mg(OH), FIEE &AL, 3T IR R In JE & AR
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B AN [ 5 5 45 19 Mg-9A1-1.5Bi-0.5In & 4 1F
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ATRIOLE 8(a)~(d), A BN REBORE), EHE
BEEE 8) KRBT, Byt MmEH
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i AR R E X0, P T Bk

Table 4 Average discharge potential and utilization of Mg-9Al-1.5Bi-0.5In alloys under different extrusion conditions

Average discharge potential/V n/%
Pass number
10 mA/cm? 120 mA/cm? (10 mA/cm?, 10 h) (120 mA/cm?, 1 h)
0 -1.67 -1.53 52.98 80.56
1 -1.57 -1.32 47.35 76.43
2 -1.65 -1.43 53.74 77.45
4 -1.60 -1.40 46.54 74.89
(b) . +— Mg
v — Mg(OH),

E7 EFIEEES

o — MgCl,-4H,0
4 — Mg,(OH)Cl-4H,0
* — Mg,Al),

50 60 70
20/(°)

40 80

L 120 mA/cm? i B 600 s J5 H 22 TH T 50 AN Tl = 2 i) XRD 3%

Fig. 7 Surface morphologies of normal extrusion alloy after continuous discharge at 120 mA/cm?* for 600 s and XRD

pattern of corrosion products: (a) SEM image; (b) XRD pattern of corrosion products
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Fig. 8 Surface morphologies of alloy removed corrosion products after 600 s discharge at 120 mA/cm* (a) Forward

extrusion; (b) 1 pass; (c) 2 pass; (d) 4 pass
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Fig. 9 Discharge curves of Mg-9Al-1.5Bi-0.5In alloy discharged at 2.5(a), 50(b), 80(c) mA/cm? for 5 h

#=5 ARBIESMg-9AI-1.5Bi-0.5In &

H47E2.5.50.80 mA/cm? TR 5 h I S5k

Table 5 Discharge parameters of different extruded state Mg-9Al-1.5Bi-0.5In alloy discharged at 2.5, 50, 80 mA/cm? for 5 h

2.5 mA/cm? 50 mA/cm? 80 mA/cm?
Pass Average Power Specific Average Power Specific Average Power Specific
number cell density/ capacity/ cell density/ capacity/ cell density/ capacity/

voltage/V. (mW-cm™) (mA-h-g™)

voltage/V. mW+-cm™) (mA-h-g”')  voltage’V. @mW-cm™>) (mA-h-g™)

3.4538 239.662 0.6988
3.7528 251.822 0.8164
3.841 262.652 0.8636
3.4355 215.177 0.6831

34.940 1389.005 0.3073 24.580 1301.439
40.818 1330.439 0.3202 25.618 1140.048
43.181 1412.574 0.6331 50.652 1249.473
34.157 1296.338 0.5353 42.828 1076.287

0 1.3815
1 1.5011
2 1.5364
4 1.3742
+
4 NG

1) SIEHE&MLL, ECAPAE G

SNBSS,
AN 2] . B 5

& RE

A RLRSTA BIT /5 A )

TER AR, kL 5

—A

JSE e/ EHR, 78 2 8 A B i/ ME,
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3) ECAPZ L, BEEAILIE RGN, &4
PR RIE RGN, 76 2 18 I A B i KA, F
FH 3N 53.74%(10 mA/cm?®). 77.45%(120 mA/cm?);
HAHEE T 120 mA/em® FIEFFRAM &4, FIH %
AR T, XEESAEE. 5 AR SR
ARECE

4) i BB T DUR I, RN IR
R (2.5, 50 mA/em?), 2IEREGEMIRERE.
R K, 775N 3.841 mW/em®f1262.652 mA-h/g
(2.5 mA/cm?). 43.181 mW/cm? fl 1412.574 mA-h/g
(50 mA/em®);  TAEBK LA FE T (80 mA/em?), 2
EIRE NI RE AP ARRE, K218
I Mg-9A1-1.5Bi-0.5In & 4238 /N L AL
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Effect of ECAP on microstructure and electrochemical properties of
Mg-9Al-1.5Bi-0.5In alloy

GUO Hui-fen', LI Zi-yan', LI Qiu-rui', WANG Ying-zhi', GUAN Zhong', XU Jiang-ze', WANG Hong-xia" >

(1. College of Materials Science and Engineering, Taiyuan University of Technology, Taiyuan 030024;
2. Key Laboratory of Interface Science and Engineering in Advanced Materials, Ministry of Education,

Taiyuan University of Technology, Taiyuan 030024, China)

Abstract: Magnesium alloy is suitable for anode material of battery due to stable discharge, low cost and negative
standard potential. However, the commonly used positive extruded anode magnesium alloy often has poor
discharge performance due to large grain size difference and uneven distribution of the second phase. In order to
improve the discharge performance of extruded alloy, equal channel corner extrusion (ECAP) technique was used
to deform the extruded Mg-9Al-1.5Bi-0.5In alloy, and the microstructure observation and electrochemical test
were carried out. The results show that complete dynamic recrystallization occurs after ECAP, the grain size is
refined and the second phase is evenly distributed. With the increase of extrusion pass, the grain size and the
second phase size both decrease first and then increase, while the volume fraction of the second phase increases
first and then decreases, reaching the extreme value when the extrusion pass is 2. The alloy with extrusion
pass of 2 has better electrochemical properties, and the corrosion current density and corrosion potential are
126.63 pA/cm? and —1.48713 'V, respectively. The alloy with extrusion pass of 2 has the highest utilization rate
(53.74%), power density (43.181 mW/cm?) and specific capacity (1412.574 mA - h/g). Therefore, Mg-9Al-1.5Bi-
0.5In alloy with extrusion pass of 2 is widely used in low current state.

Key words: magnesium alloy; forward extrusion; ECAP; microstructure; electrochemical property
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