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Abstract: Aluminum-air battery, as a kind of metal fuel cell, has gone through several decades of development.
Compared with other battery technics, aluminum-air battery has special advantages on electrode cost, power density,
environmental protection, easy-recharging ability ( mechanical recharging by renewing anodes) and so on. It is a battery
technic with a potential of large scale commercial exploitation and application. It can be foreseen that the development of
aluminum-air battery will bring great opportunities and changes to traditional battery technology and aluminum industry. In
this paper, the development history of aluminum-air battery was reviewed. The structure and reaction principles of
aluminum-air battery were introduced. The anode materials were focused on in this paper and its activation mechanisms
were summarized. The current main problems of aluminum anode material were discussed. The research status were
reviewed, including influences of purity, alloying, heat treatment and processing on the electrochemical properties of
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aluminum anodes. The research emphasis and direction in the future were pointed out.
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Fig. 1 Mlustration of the structure of an aluminium-air battery and

electrode reactions! '’
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Table | Rate of dissolution of aluminum with different purity in
23 C, 0.3N NaOH solutions ( electrode exposure area:

40.5 cm?) [

% Al 99. 998

Rate of
dissolution 31.2 116.0 147.4 147.4
/mg/h

99.99  99.97 99.88 99.57 99.2

216.7 269.1
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Fig. 2 Effect of Fe content on mass-loss of Al test sample piece
immersed for 240 min in 0.3N NaOH solutions at
23 ¢ 1]
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Table 2  Electrochemical properties of different grades of aluminum

anodes'?"]
Properties ALCAN 5N 3NS5
Open circuit potential/ V vs. Hg/HgO  -1.87 -1.79 -1.78
Corrosion current density/mA + cm™ 12. 1 13.5 15
Total current density * /mA - cm™ 75 65 55
Corrosion current density * /mA -+ cm™ 2.4 3 5.3

# Determined at Ea= —1.65 V vs. Hg/HgO

Young-Joo Cho™®V 48 A XTIL T 2N5 Bk 9 48 (4t i
99.5% ) F1 4N G aifh i m ik 2=t pe ., &l 3 K3k 3 it
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MR, B Fe, Si, Cu %FICEIY MM 42002 23 BHLAT 5 -
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Fig. 3 Open-circuit potential versus time for 4N and 2N5 grade
Al in 4 mol/L NaOH solution'?’]

R3 ANR, 2N5 REMEEHIER (3,53 om?) SHHHED]
Table 3 Corrosion rates in 4 mol/L NaOH and discharge efficiencies

at different applied potentials of 4N and 2N5 grade Al'?

Materials 2N5 4N
Corrosion rate/mg « h™! 3L.5 25.4
Efficiency at 1.0 V/ % 19. 00 50.93

Efficiency at 0.8 V/ % 76. 00
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SHRINA Bi, Zr, Mg, Ag, Si, Zn, Cu %54 TE
R —RIM =0 E S, XEEETRSH RIS/ Al
SRR AR SR, S5 Sn 7 AL FREARERY S L, M5
Wi Sn (TEALAE R, Jeffrey 25 N7 XOIF % H BT 1 = D04
Ba AW LR, mor BN 4 BiR, T LAE B PR
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Table 4 Electrochemical properties of Al-0. 12Mn-0. 111n and Al-0. 8Mg-0. 097In3-4

Discharge efficiency under galvanostatic discharge/ %

Open-circuit potential and electrode potential during

Alloy galvanostatic discharge E/V vs Hg/HgO
200 mA/cm’ 600 mA/cm? E, Eny Eqgo0
Al-0. 12Mn-0. 11In 86 88 -1.76 -1.79 -1.58
Al-0. 8Mg-0. 0971In 87 87 -1.70 -1.70 -1.59

RS, 02 0 HL Tt BA AR 19 45 A 4 SO W7 b 1) DY
g6, FoGKEZICH K E, —F4 R BDW ot 4 4
(A1-0. 84Mg-0. 13Mn-0. 11In), JF % HL i 35 ] - 1.70 V
(vs Hg/HgO) , 600 mA/cm’ AT T, ALAFELA {LIE
F£0.06 V, W AR E S 90% . SCILE A IF R

AL0. 1Ga-1Mg-0. 1Sn-1Zn &4, R RIFHZE R
PEfE, £ 4 mol /L NaOH IR, RUEF BN LA -1.72V
(vs. Hg /HgO), #r & & % 4 0.202 mL/cm® + min, 7
100 mA/em’ LB TAEH (3K -1.41 V (vs. Hg /HgO) ,
ARG AR N i T TE A SRS T — ol B4R A 4 PR
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T AR TARHRALA I T IERS
Maria %5 A% 3 FORR S (9 Al-Mg-Sn-Ga & 42
FIASTAR S (AN, e BRAE 873 K SR 2 h ¥k, 18
TR LA RS, B T 20 2 B AN ] 1 AR 4k
AL FHEXGT e A T R L A7 2 ) i ek 3 T AR A
Nisancioglu 25 AXf— 251 — 56" | £ UKL A7
A4t KR AP K A E R Y, & E AL-Ph
BAZ 600 CHEIR 60 min WS, BB AR, 7
0. 1 mA/cm’® A HL I 28 BE AL AL A, AL-0. 003Ph & 4 A LS
AL RIS 300 mV, X FEOEF iR S, Pb 23
YENT . PHCE L B0 4R AL FUE R (il 4 TR,
AN, MG AL PR . [RIRE b T Pb MVEHT, Rl
A4 AAS006 Fil AA3102 7 600 °C b I RES2ITEAL
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Fig.4 STEM image of surface of alloy 8006 heat treated with thermally

50 nm

formed oxide and Pb-rich film at the metal-oxide interface*’!
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BENENCY 98 T8 5L B 5T Al-Ga-Sn-Bi FH
WA 4k PERE A S, N3k 5 iR, FEE AR
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AR 80% kB K, R A LGS &2 mE
ik, EAEARIE, & 21328 TE o] DLl s 48 FH R &
SR LR, JE XS T AN R AT & T W BE R A
SAL, WME S Fiw, BARMEEESHS R
SRRV LR AR, A A I B4 B 5 i AT AR A 5L RIS
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£5 FEEME Al-Sn-Ga-Bi §&HIBL D

Table 5 Electrochemical performance of Al-Sn-Ga-Bi alloy with different cold rolling reduction’>'!

Reduction rate/ % Open circuit potential/

Self-corrosion rate/

Hydrogen evolution rate/

2 . -1 Anodes efficiency/ %

1

V vs. SCE mg + cm > + min~ mL - em™ - min
0 -1. 642 0.090 3 0. 185 86. 03
40 -1. 643 0.083 3 0.174 89.47
60 -1. 647 0.076 4 0.172 92. 66
80 -1. 649 0.069 4 0. 161 96. 18
90 -1. 651 0.072 2 0. 151 87.52

BRSNS 5T TR 5L X Al-Ga-Mg-Sn-Si
Ham b, 58] THIMGSE R, &R
60% E 4 NIk B T R k2R e R, AR AR Y
XFEHT Al-Ga-Mg-Mn-Bi FHIR & & %48 5 80% R HLAM M
f2EbEgE, R BUEL I A BT BHARFF B R . S BRI &
BRI /N, 100 mA/em® T E WO AL AR T

700 mV, (AR BAAR ) 6 B S s 38 5, R a AR NS
WIET 40% 22 T8 5 T FELIR BEXT Al-Mg-Sn-Bi-Ga-In 45 42
R A PERE R RE I, R IR LR RS 9 s, P B HL AL
Tk, PradeRe G B, 700 mA/em® R Y HLR HL
PRI IERS, 420 CHRELALILS A SR RAEr
LR PERE, TAEHRAIZE-1.48 V (vs. Hg/HgO),
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Fig. 5 Microstructures of aluminum anode alloys with different cold rolling reduction: (a) 0%, (b) 40% , (c) 60% , and (d) 80% !
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