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Abstract: A new kind of Al alloy anode material for aluminum-air battery was developed by orthogonal design, and the
effect of additive elements on hydrogen evolution rate and electrochemical properties in 4 mol/L NaOH + 15 g/L
Na,SnO; solution was studied. Then the best performance ratios of aluminum alloy anode material composition can be
finally got. The self-corrosion rate of Al alloy anode was studied by methods of recovering H, gas and discharging wa-
ter and the electrochemical properties were tested by LK3200 electrochemical workstation. The results show that the
greatest impact on the hydrogen evolution rate of aluminum alloy anode material at 50°C is Pb, followed by Sn, Ga; at
the same time, the greatest impact on the stable potential at 50°C and 200 mA/cm? is Sn, followed by Pb, Ga. After con-
sidering and verifying the stable potential and hydrogen evolution rate of aluminum alloy anode, we can obtain the op-
timal combination: Al-0.2Sn-0.02Ga-0.4Pb.
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 E: RAIEREE BT MR - A R 2 e S e AR BEIT T LM T R AR A
FHAR AL RLEE 4 mol/L NaOH + 15 /L Na,SnOs ¥ AT 2 SR A AL 2 PR RE RSN, 13 gk e TR RE S0 &
PR R R BEEE o SEBSR A HE KB TEAGI E AR AT 20 =, R LK3200 HLAb22 TARSEIE 7 A &
#ALICE Sn. Pb. Ga XM & @ PR AR A AL A5 . SG5RRHT: 72 50°C HIZRAE N, Smast & SRkl
PTECE AT N: Pb>Sn>Ga; [, 7£50°C, FIE A 200 mA/em® FIZME T, FEIIMRHER 2 AL ¥ I
F#9: Sn>Pb>Ga. LR EAE SR EiE R A€ B AR RS 1 Rt E =
Al-0.2Sn-0.02Ga-0.4Pb.
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1. 2| GUEBAR ERIRTAT I, 2 S RRINAF ] H DAY K A HL A
JR AR A S B, PR AR I T BT R )

R FES FE R LR RN 2.98 Ah/g, AR L2 A Al-Ga-Bi-Pb [HI A& &K Pk e Bl h-1.44 'V, #r

8.05 Ah/em?®, J&—FaEH FLAR M FHAR AT R . SEE SEFYHN 0.69 mL/(h-cm?), HEERSY, BT

Zaromb 254 & T 20 {42 60 AEACIESE 7454 A i & R T CARE e, AR A A nIA 3~4 4, TH
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R S ERZNERITR, HEEE, AR
R, B S r M e A PT RIUCF A, R
FEICEE, A HEAM, NIMBE eI,
AR R A R R it ARH BRIV, Al
AR R A ARE T AR AR, AT AT A
T MIbREERIREI]. K RIRS) . B Ah 70 F IR
HENRZE . BB EEFEAE BN R . SRR A
JoE A AR 0 A A, bR AR LA 2 -2.35
V, (HZ BT SRR B R iR RO B
R A ™ B R s AR A RCRARAE B, 4540
7 AR 1 52 B 1 B 5 B VR 1k BB AH LGS A R R
ZEpE. N TR RIBRITERE, AP RIS
FHAR B A A B T Tl R IR OF T A 540 4 Rt
At —B i E! .

AR 3L BRI I R AT B s A R BE AR
BT 7 IR AR B R AT B 2 A F e B
R G S FIARL, SRR Rt R4S Sn. Ga
1 Pb JEERA G B RN, DARRRARH
PR, b BIR R AL, AR E A RS, JF iR
2243 VR RE A O AR R AR .

2. LU 75k
2.1, SEIEHHR

FEEREE(AD: >99.996%; =Zi#%(Ga): >99.999%;
EA(Sn): >99.999%; =4 (Pb): >99.999%; H
HI AL-5%X HE A 4.

Wl AEMBNAR ); HIRIN(AR); FRER(CP).

2.2. MRIHIZE

IR E IR G &8 U AT ECR, 72 HLRE
H1, 760°C WIS P&, fike. #E. YUE, B
BT 250 mm x 200 mm x 22 mm FIZBE T, 280
o awi.

FLHE R ) 250 mm x 200 mm x 22 mm 555
T ®420 mm x 600 mm ZHEFL_EIEFLAL 7 mm J5 (R
FE: 420°C), FHAE ®300 mm x 600 mm —4&HE LA 1
AELEJEE A 0.45 mm + 0.02 mm 5SS S0 .

PRI T N 0.45 mm + 0.02 mm HI5EE SR
MBATARIRR KA, DARBR RIS 7). $55E SerEqt
A HE PP E1°C) P THEE 250°C, REMIE 5h, 25
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BEH A= =0,
2.3. BHRZE

THEAF IR & SRS R ARG, SR HEKEUR
ORI E B0 & S AEVR TR 4 mol/L NaOH + 15 g/L
Na,SnOs(/1 il B = 50°C) Hh 4 fiff B st Hh 1 R Ak
B, RIS IE S BT R A 3@ T B B B ] A T
R I B 2 PR O A AR BRI e R & &
FH MR A B BT S8 e 2

2.4, L MR

K LK3200 HAR S AR 72 4a FH AR AT R
TR FEL S L 2 . CBRBHARRE o AR s, RSV
fIZH%N: 4 mol/L NaOH + 15 g/L Na,SnOs: 414N
HEhEAL, TN 4.0 cm®; SHEBCN: K - EHEK
HM, /A 1 mol/L NaOH; MFiRE N 50°C, 4k
T LI A EEL 2 B O 200 mA/em?)

3. BR5VE
31 EWAR

AR WS BT wt i L HE 2 R e I F 3R e i
I — R AR sliR Bt ik e kK A
R ERACTF AL G, Phik s oA ARYE KT AT
A I i, X IR 7 iR i 45 Rt AT 704
HUAT LT AT M UL, ek L oA

I
= o

3.1.1. ScUHIIE

FXPSERIRR SR NV MUNC R R avb ey i A s e ot
i, IF BAERERITE B S AL 25 5| AR e FL AT
NI e, P DARR T < AR A8 S R AR B S B
e, SRTE AL S AR B L B MR REAE AT & T . A
AP LR PR A AN T A R 1D 2 v A2 B B AR F e e A
R A A i)

FRE BRI P TR SN

AHAOHZﬁMUHD;+3€

PRI SR ES TR0 AE, iR B T E R Ak
EARBrES, )R AR E AR TTIE H TR A
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Al(OH),—AI(OH), +OH

B LR AN S ML AR R AR LAAE, B S A
LA O R A B B U B A R I R
FELR () A R0, DR A 34 43 R B TS X it
L3 A TTRR IR, BT EAEEA ) AR AT 2 1 S ekt
R, AT

6Al+ 6H,0—2AI(OH), +3H,

XA, W% H AR THRE Sn. Ga M
Pb JUER X & G R R, I i 445 PR RE B
LAREiTE: S U EE AN w9 I W S PO = = el R L S )
PERE 1 S5 B AN T T, — R M aid A B A A i
JEERTERE, AR RS AL N AR E R AL RIER AR
AL ZEERRN S0 BT LART AR AR T S 2 R T
SE HLIE T PR AR AL A e UL ik B AR b, R
P ER S SRR RO TERER AP IR . B2, HralidR
M, FarE AL, R R AR R T RE
it

3.1.2. ¥MEZR

WA SRR E RIR S, & &I
o RNLREE . WINF PAA R RS . R AT
Be (SRR AT TS R0, B G tfiE Sn,
Ga, Pb =Mtz AARRE G HE R, HIE =R
e R RS E A E AL BAIC. BONBTHRIZ
— R AL, BT ARPRLR S REHR FE B 50°Co

RAE DA 45, Wik AR Sn, Ga, Pb
ZFLER, SRH S FKSE, 3T 3 RIER 5 KPR,
B Lys(SO)IEARR LR . KA ELRIHERIHE S &
FHER A RLH 70 5 48 SOy BAR ISR 1 i

Table 1. The content of adding elements in Aluminum alloy

1 BESRMTRARRKTR

K %/%
KF
A (W (Sn)/%) B (w (Ga)/%) C (w (Pb)/%)
1 0.05 0.01 0.1
2 0.1 0.02 0.2
3 0.2 0.05 0.3
4 0.4 0.08 0.4
5 0.8 0.1 0.6
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32. SKREER

AT R A & TR 8 BRI IE
BT R, SR 3 BRI 5 K Los(5%)1E
TR, THEEAE KL . R0 E
M IS G R INFE 2 FiR.

M B 4 BB ) £ S B 2 P b 2 FERATT 7T LA
ST, HTEEE NI, R AR SR . A
IR A KT R BT S R R A R S, JF
HEME R, IDRE 3.

T DR % A KT R v AT ) B A L
T, R R, DR 4.

3.3. &Rt

PRI 22 R IR/ MR FR T 1R R 28 32 R
F:

50°C FHIHrE#E Z (mL/min-cm?): CAB

50°C T 200 mA/cm’ fFa € A7 (V): ACB

3.3.1. ¥k

PR S FEAR AR AT P EME kR &% IR R A
WKFHE .

50°C FHIHTEE Z (mL/min-ecm?®):  A3B,Cs

50°C T 200 mA/cm’* fFaE HAL(V): A BsC,

3.3.2. B&fite

DL EBANFEAR S AT R A & & S B A —
H, BARRIEHEAEE IR, ZEFHRE, DT K
FEEEE.

FFRE A, HXF50°C F 200 mA/cm?” fFsE HAL
SR/ NHESE — A7, (EXFTF 50°C R IIAT AR R
HESE —hr, 405902 A LAy, R 3. 4 FTLUAIE: S
B A5 RO S AN, PR SE AR Nk e, T
K A BIEA S BRI R, RBIT A
Ay > Ay > Ay > As> Ay TSR 45 R NRRE
friy, PRoRRRE AR s, MOmE R A &
AR TERER B, BT A > Ay > As> A, >
Age LREKRE, A5 AU, D3R 3 ATRAAITE AK))
= 04815, A(K;) = 0.3388. [A(K) — A(K3)J/AKK,) =
29.6%; [FFE, MK 4 AR[AK) — AK)VAK) =
3.0%. XFEFREMIE, ROZIERE As, BRI A
RS TEZ, R AN AR E B AL 32 2 (1)
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Table 2. The design and the result

R2 BUFRRER

SEEGEE R
SE TS A(Sn) B(Ga) C(Pb) D(Z51)
Wradi R (mL/min-em®) R HBAL(V)
1 1 1 1 1 0.0760 —1.568
2 1 2 2 2 0.0874 -1.650
3 1 3 3 3 0.1069 —-1.608
4 1 4 4 4 0.1029 —-1.638
5 1 5 5 5 0.1083 -1.590
6 2 1 2 3 0.2856 —1.584
7 2 2 3 4 0.0714 -1.540
8 2 3 4 5 0.0830 -1.534
9 2 4 5 1 0.0553 -1.070
10 2 5 1 2 0.0948 —1.638
11 3 1 3 5 0.0641 -1.514
12 3 2 4 1 0.0609 —1.598
13 3 3 5 2 0.0663 —1.527
14 3 4 1 3 0.0706 —1.608
15 3 5 2 4 0.0769 —1.564
16 4 1 4 2 0.0748 —1.458
17 4 2 5 3 0.0858 —1.462
18 4 3 1 4 0.0654 -1.260
19 4 4 2 5 0.1000 -1.520
20 4 5 3 1 0.0820 —1.484
21 5 1 5 4 0.0615 —1.480
22 5 2 1 5 0.0740 —1.540
23 5 3 2 1 0.1873 —1.523
24 5 4 3 2 0.0979 ~1.655
25 5 5 4 3 0.0887 —1.588
Table 3. The corrosion rate
+® 3 HSEX
SIS A(Sn) B(Ga) C(Pb) D(=F)
K, 0.4815 0.5620 0.3808 0.4615
K, 0.5901 0.3795 0.7372 0.4212
Ks 0.3388 0.5089 0.4223 0.6376
Ky 0.4080 0.4267 0.4103 0.3781
Ks 0.5094 0.4507 0.3772 0.4294
R 0.0501 0.0365 0.0720 0.0519
F I C>A>B
AT As B, Cs
L7 RAEREx A3ByCs
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Table 4. The stable potential
*4. RBERM

A(Sn)

B(Ga)

C(Pb) D(= %))

—8.054
~7.366
-7.811
~7.184
~7.786
0.174
TR
7K1
&

—7.604
-7.790
—7.452
—7.491
—7.864
0.082

—7.614 —7.243

—7.841 —7.928
—7.801 —7.850
-7.816 —7.482
-7.129 —7.698
0.142 0.137

A>C>B

A BsC,

MR/

FFE, XHFRE C, HXF 50°C N M EE R i
Hess—4z, EXFF 50°C F 200 mA/cm? [ 5E BLALIN
WS AL, arlie Co A Cs, MR 3 ERER 4 mT LRI
T S AE RO AR, DR AT S N R,
WK ZE C KR BT A——o~Cs > Cy > C4 > C3> Gy,
AR Cs BR C AHZEAER /s T s it o Fa e s fr
i, DROARRE BAL R SRR, SO 3R C S
SR RHOMERERE, RGBT R C, > Cy> C3 > C >
Cso ZFEKE, CF Cs BHMHES S —, HEbHHHE
S, PTUEEE R, CoHEE UM =, C il
SV, CHETSE =/, ik, C %
AYEREE LR, I RIZIERE Cye
XFIeER B, EOUBAER TR 1. RIYIcER B X 50
C M EE R DL 50°C K 200 mA/cm? (£ 5 HLAL
KPR T RE AR AR B R AR /), WO I R AR FE
IR & & FEAWAMEA G+ B Je R K45 512
B, f1 Bs, [ IbiE# B,.

GZETd, REMFHPRILH G

3.4. SKIRERIIE

3.4.1. SRR
2o b e ZA R B s R n g, FrisEcti gl
E I EEZ Y 0.0617 mL/min-cm?’.

3.4.2. #Rikihsk
ME 1 T] A SRR RHE 50°C 200 mA/cm?
e e A N-1.6 'V, JEPHLAT 180 V.
EIEIIERT DS 2 RE, MR A

A;B,Cy0
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Figure 1. The Galvanostatic polarization curve and Tafel curve of
the optimal material at 50°C 200 mA/cm?
B 1. |HAHREE 50°C 200 mA/em? MERAR (LB FISSE R th gk

%&%i%f% A, HEZMERLE
R, X5IER LS SRR

PEREHD 2
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4, #hig

1) {EIRFEN 50°C MM T, SR SR %5
Wi B K2 Pb, HRSE Sn, RIS Ga, BRI
442 Al-0.2Sn-0.02Ga-0.6Pb.

2) {EIRSER 50°C, HLIE A 200 mA/em” (K145
PR, RHER A 4 PHAROM AR e HL AT 1) 5 18 5 oK PR
Sn, HJE Pb, FHIE Ga, Fif32IMILA s e
Al-0.05Sn-0.1Ga-0.2Pb.

3) &It LRGBS A BH A R B AT S0 2 A
R, HFRARIEERE: RItAER
Al-0.28n-0.02Ga-0.4Pb.
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