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Fig. 1 Molecular structure of 8-hydroxyquinoline
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Table 1 Chemical composition of as-cast AP65 alloy (mass

fraction,%)

Mg Al Pb Cu Si Fe
88.0 6.31 5.38 <<0.01 <<0.01 <<0.01

NaCl FZEIE/KECHIT R 3.5%(5 & 53 $0)NaCl, 8-
2 R ST [ 25 AR AL iR A IR A F
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20%(J5 543 B0 B8 BR VA VRURI TE 7K 2Tt 75 175 e B il 3%
T PRSBSP40 5 min, AR5 KRR S BE T AR U & mye
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Fig. 2 Polarization curves of AP65 magnesium alloy electrode

in two different solutions
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Table 2  Electrochemical parameters of AP65 magnesium alloy in two different solutions by mass loss and dynamic polarization tests

cs.ng/(mmol- L") R/(mg-cm*h™") Nl % Peon(Vs SCE)/V Jeoor/ (LA -cm ?) fJ/(mV-dec )
Blank 0.360.1 - -1.56 46.95+3.3 -187.64
10 0.028+0.5 922 -1.54 18.37+4.8 -151.1
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Fig. 3 Equivalent circuit and electrochemical impedance spectra of AP65 magnesium alloy in different solutions: (a) Equivalent

circuit; (b) Nyquist plots; (c) Bode plots

R3 WA BAAIAPUE FTE BN AP6S BA S E BRI R T M B S5
Table 3  Electrochemical parameters of AP65 magnesium alloy obtained by fitting EIS in two different solutions
Ry Yo/ R/ Yy Ry Ry
Electrolyt P
ectrolyte @cm®)  (@emsny MM (@emd)  @lem?s) M (@emd)  (Qemd)
Blank 33 9.7X1076 0.93 408.3 9.9%x107* 0.99 49.8 461.4
10 mmol/L 8-HQ 44 1.1X107° 0.95 868.4 7.3%107* 0.86 321.1 1193.9




2742 T EA O8RS

20194F 12 A

HH I 4 AT, AP6S B4 G 7E M FLAR VR Hh 1) B BT
FRM R rB I, AETE O T B8 e L R AN S AR, IX AT
BB H vt Fr) P BELAG 51200 P e 2 T B )T 24
P, AL R BE AR FE IR AR Wi 5 B B 5 Al A, 76
AN[E) HLIR 3 EE (2~15 mA/em?®) R, 8-FRFE Mk i i A 2
PEw T D R R R R R . RN R
(2 mA/em®) F, 8-F Bk [ AN I ) T F AR E R
AR B R, AR 21.4%5E 5 R 62.4%,
FER KRS (15 mA/em®) T, 8-¥2 L M bk (1) 78 0
AIETBCR LR M 0.89 V #2iE 3] 0.96 V. IXEH] 8-F2
B WA B S — i RS N7, T LA R v R R Y
PE, RIS EE A SRR I R0 B R Tk, 52 IR A
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i 10 mA/cm? - - -Blank —— 10 mmol/L 8-HQ
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(7 B [
w | T meem e - -
Z 14t
I e
12K,
L Nttt =
B
0.8
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Discharge time/min

4 AP65 BRG AR PIAAN A AR R T AN L T

PR T8 H, s — I T ot %

Fig. 4 Discharge potential-time curves of AP65 magnesium

alloy at different current densities in two different solutions
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Fig. 5 Discharge properties of Mg-air battery in two different

solutions
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NP e Mg(HQ), MI4Ei, 4 AP6S B4 4
FES A 8-FR L R Ibk by AV (1 738 P =) . 8- Bk e b
AT FTIR 2087, S5 mE 8 v . Bl 8(a)fin
AP65 BiA 41 3.5%NaCl(Jii 43 #0)+10 mmol/L 8-¥%
SRRV R BOR A FTIR Y6iE R, 7T 1605,
1577+ 1385 1 1328 em ' (WIS IR B % Mg(HQ),
WEMRIE 4IRS, 1501 A1 1646 cm™" IR i DU of
S5 AL e AR B PR AR IR BN . 5 ] 8(b) 8-F4 ARk
AR FTIR J6ilk B LR B, B 8(a)H O—H M ffi4i
PRBHI SN 3101 em ™ 89K H] 3413 em ™' FEHR T
— /MR G IER; [R5 AR C—H AR 4E 4R 2 58
JEAE 3058 cm ' PR O A G IS, IXHRR B T AE
SFEERERT, S-BRIEEMALE T HTRES
B, Mg 5 8-FRIEmEmkr 1) 4 R T O N A i A
% T Mg(HQ), 2, R stz ()R -

JE3 = 0 J2 B o FR T S5 I 4 PR TR T
MBS TR S T B (LI 6(b) (d))FT R, 72 LR
TN 8-FRFEMEIKSS, AP6S BEE& & B G i b= 4)
JE R 51.02~90.82 um A2 K 15.17~32.87 um, & H]
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Fig. 6 Corrosion morphologies of surface and cross-section of AP65 magnesium alloy after discharging at 15 mA/cm? for 20 min in

two different solutions: (a), (b) 3.5% NaCl; (c), (d) 3.5% NaCl+10 mmol/L 8-HQ

» " Mg(OH),
o — 2Mg(OH),-Al(OH),
A PbOz
v — Mg(HQ),

20/(°)
7  AP6S By S AE P AfAN [F] HL R HBCR P ) XRD W)
T
Fig. 7 XRD patterns of discharge products of AP65 magnesium
alloy in two different electrolytes
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Fig. 8 FTIR spectra of corrosion products of AP65 magnesium
alloy in 3.5% NaCl solution with 8-HQ additive(a) and original
8-HQ powder(b)

R4 ORI AE XK TR & B EDS 734
Table 4 EDS analysis results of element contents of different

region of corrosion surface

Mass fraction/%
Element
Areal Area2 Area3 Area4 Areal
Mg 49.6 33.1 10.47 33.04 11.27
Al 2.5 - - - 0.3
Pb 14.43 - - - 75.54
Cl - 22.79 1.23 4.19 10.59
C - - 65.82 17.50 0.63
N _ — _ — _
o 17.6 34.2 22.49 22.49 41.45
3 g

1) 7£ 3.5%NaCl(Jii & 73 O R 50 10 mmol/L

8-FRILWEIR ST, N AP6S BE4r 4 HAR R TH XU 2 A
JERRE P, R HE] AP6S RS A H v,
JE AR RN 92.2%, 13 AP6S BG4I i i A
H1(0.36+0.1) mg-cm’/h P %2(0.028+0.5) mg-cm*h,
JE& ol FlL I 5 P 1 (46.95+3.3) pA/em? B F (18.37+4.8)
pA/cm?®.

2) R AR S HBIAE 2 mA/em® HUREE T
LT, 8-FRFEMEMRIIER I AT AP6S BEA &I
BRI 21 4% F 5] 62.4%, 1E 15 mA/em® LR E
RIS, AT AP6S B A & H LR M 0.89 V 2
HE 096 Vo AL, 8-FRFEMENR L —FREREAL R 18R
7S FL I L AR S )

3) AHEE 3.5%NaCl(Bi 73 8O, AP65 B
FEVRIN 10 mmol/L 8- JE Wbk i fift v HH R LIS, 35k
FEYIEEN Mg(HQ), I Mg(OH),, &= J& i %
%, JETREE 5] . 8-FRFEMENR (1 VA I [F) B 2 i3E Pb T3
TE =P FIEE B R 2 [A] BA PbO, AT X DTRL, v]
TR =iy, e T AR ERE .
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Effects of 8-hydroxyquinoline on corrosion and discharge
performance of AP65 alloy as anode for Mg-air battery

FENG Yan, ZHANG Xiao-ling, WU Jian-bo, PENG Chao-qun, WANG Ri-chu

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

Abstract: The effects of 8-hydroxyquinoline on the corrosion and discharge performance of AP65 magnesium alloy as
anode for Mg-air battery were studied by the mass loss test, electrochemical measurements and corrosion product
analysis. The results show that the addition of 8-HQ in 3.5%NaCl (mass fraction) solution decreases the corrosion rate of
APG65 alloys from (0.36£0.1) mg-cm?h to (0.028+0.0.5) mg-cm?/h, shifts the corrosion potential to the positive direction,
and decreases the corrosion current density from (46.95+3.3) pA/cm’to (18.37+4.8) pA/cm’®. When being assembled as
single Mg-air battery and discharged at a current density of 2 mA/cm® AP65 alloys express an improved current
efficiency from 21.4% to 62.4% with the addition of 8-hydroxyquinoline into 3.5% NaCl solution. When being
discharged at a current density of 15 mA/cm?, the discharge voltage of single Mg-air battery increases from 0.89 V to
0.96 V with the addition of 8-hydroxyquinoline. The discharge products of AP65 magnesium alloy in 3.5% NaCl
electrolyte containing 8-hydroxyquinoline are mainly Mg(HQ), and Mg(OH),. The thin and uniform corrosion film is
beneficial to the penetration of Cl ion. Meanwhile, PbO, compound is deposited between the corrosion film and the
substrate. It can peel off the corrosion product and enhance the comprehensive activation dissolution as well as the
discharge activity of AP65 alloy matrix.

Key word: Mg-air battery; AP65 magnesium alloy; self-corrosion; 8-hydroxyquinoline
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