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Effect of Yb on anode performance of aluminum-air battery
LUAN Yi-ming, YIN Qiu-xiang "
(School of Chemical Engineering and Technology, Tianjin University, Tianjin 300072, China)

Abstract: A series of Al-Yb alloys are manufactured through adding different contents of Yb into pure aluminum
matrix. Polarization curve, AC impedance, constant current discharge and other electrochemical tests are performed to
study the electrochemical activity and utility ratio of Al-Yb anode in 4 mol-L™" KOH electrolyte.The results show that the
addition of Yb can improve the current density of aluminum discharge by 50% and the utility ratio by 20%.Different Yh

contents have different influences on aluminum alloy, the optimum Yb content is determined as 0. 8 wt% through a series

of experiments and analysis.

Key words: aluminum-air battery; anode; constant current discharge; alkaline solution

g Re i R kAR TS Y A el
BRAEA)T (A AT o i B R A RE I . 7R
BACHEREIE 55 T A A B S EE RE R
il bR (-2.37 V vs.SHE) M &K 2R
B8 A LA e AT IS S5 A 0, AR Sy 4 Ja s A0 vl Y B
W2 e BRI, AR AR R 4 I8 A S P
FAAEARR R PERE SR FE . 7 BRI A W, 55 A i i i
FIE B BT AR ) ORI S S B0
R R B T L= 2B 1 AU B — 8 W fa
PEo i —J7 T, SR M I O h R T S TR L — 2
PRI X R IR A7 23 S BUR N 3R 1 T B Tl
PEAHXT BRI IERS o 3% 28 K5 ™ 2 e 5 25 LT
PERE, B T AR SR T

YRR AT 4 A2 e s 4 [ i ) —Fofr i DL )
Tk, IREZMFR NS T Sn,Ga Mg.In FILHR
AR T4 25 F 3L BE AR A4 R A 5206, Bessone 25
WF5ET Ga X TRA SR, 25 REY Ga RSN
IR a R M BEAC I, JF B4t T A DGR HLEE,
Kyung—Keun Lee %" i 1 52 it BHLAL 7 G2 4347 T
F— B BR G R I EALE RO, 28T Sn RE
SR E SR B YERE, Jung-Gu Kim 21100 By

FET Al-Zn-In & 418 R 502 S0l BH A 1) M B
B, 308 2 W A p 2 D % R S R A5 Zn BE
g B4 A A T Tl b R, PR AIR 2 A SR A9 3% Tn
RERSIE M i FL 2 51 8% . Wang 250 AR L3RI W1
GEPFIBAR T A PR AR, IF B A 4ot
RATH AL T 5 —Fh . F o0& Yb B—Fh
WA &t E, IR AT Mg Al 4%, Yb
A BESE R 2 A0k ok Al A S BE T L X
SE/E FHREME A A0 s & & 258, FRIR A &1 A
JEmh, FH, BT Yb & Al IR IR A 4R, Yb Y
TAET DA AR G 4 0006 U, 00 1717 4 v 70 40 25 A H 3t
T LA B

EEK YD 5 AL TE &k, 4 Al-Yb &
G, IR A 4 R Ak il 2k DL R AR R 5
B AR A SR PR B R A2 A PR RE . R RS TR
BHAC . b 0t 55 T B R AE & 4 10 B ish 15
PARFFZE Yh it 452 fi b PHAR M RE AR

1 521§

L1 SRESHRESERH&E
7555 P AT TEHERAE 800°C T 733!l 48 H5 2t

s HEA.2018-04-16; & E HHA.2018-11-15

BB 28UT44(1993-) , B A5 A, FBEWFSE 7 1o Akt i b BH AR £1 K, 13207562561@ 163. com; FHRKIA (1964-) , B i+ 4%, =%

WEFE 7 8 Tk 45 &, S8 IRIK R, qxyin@ tju.edu.cn,,



209 F 1 8

Tt 2% 3 4 5T 6" TP T R A A RN A X

N Yb Y BT i 53 £ 53 A 0.1% ,0.2% 0. 4% |

0.6% .0.8% .1. 0% 1. 5% , BAR RS 03 1 iR,
K1 Al-YbAESHERS

) L L L L

w(Al)/% 98.5 99.0 99.2 99.6 99.4 99.8 99.9
w(Yb)/% 1.5 1.0 0.8 0.6 0.4 0.2 0.1

FEERBE AE SR R AL L AT M R0 R AR i Dy
90% ., ¥ iR A &4 MR 1 mm, T/EXICH
1 emX1 e¢m E/‘J%PIH,FH AB OB AE TAE X d 5 25
TAERAH ] 400 5 600 5 1000 5 2000 574K %
WAV TR CBEF 75K BE 5 25 H .

1.2 R4k gk 32 BEETANIE B R A R B E

LA 2E A E B R A2 CHI600 HEfk2F T 1R
AT o SR AR LA R AT BRI Sk % B
HLI , 2 LR A SR R FEUR, A TR 4 mol/L
() KOH VA8, B Ak 2 D00 3t s ) b 457 41 4 1R
0.5 mV/s, & 3 H A7 Ry IF B% H 47, &0k AR
-0.8 VMR EE A 25°C , 5l o 72 v /i 1 5% 1
PEFEAR I PR, 28 it B B0l 3k vl A3 76 T I H A7
+60 mV A M4 A5 [ 2 0. 01 Hz %] 100 MHz,
5 R 0 R P I3 L 3 285 B 30 mA
1.3 FIARPYUE

FER A S ARG TP YEFRE, SRS 7E 30 mA/em’
TEHE R 60 min, B EUAR , FHZE K ok
FORT FREE, BRI AR S 25°C AR
HEA N .

H=[M,/(M,-M,)] x 100% (1)

M, = QM/ZF (2)

X 1 ORI M, R 4l 1 S R T RE AR A

SRR, g M, HTHRTER G S W BT, g5 M, W

HUS B n B, g; Q D il i ik AR i i H Tt Y

BT, C M R BEIR TR | o/ mol s Z WAt B fk ¥

o7 A AR T T TR 2SI TR ORI RRL B
{84 96 485 C/mol,

2 HR5H®

2.1 RUHESH

PR Al-Yh & e Ui 1.2 T
RIS R AT O AL - Z AN 1 R,

HE 1 ATLAE H, Al-Yb & & itk il 2 5 4t
AL Z 2R, BEE AL R AL A IERS , B fl
T B g

ZRITHESE ML ITR Yb XE-S BB - 177 -

-200
__-180F
&, -160F

-
-1.6 -14 -12 -1.0 -08
ALV

1—Al1-0.1% Yb;2—Al-0.2% Yb;3—AI-0.4% Yb;
4—AI-0.6% Yb;5—A1-0.8% Yb;6—Al-1.0% Yb;
7—Al-1.5% Yb;8—Pure Al

B1 AFE Yb &R %E Al-Yb &4
P AR AR AL o %
FUHTE 1 A5RS04 T % A7 -5 % Bz 9 s
Yb Wy EAER SR E 2 FR

-1.56
-1.541

-1.52f
= -1.50}

-1.48}

-1.46}

-1.44}

-1.42¢

14—
-02 02 0.6 1.0 1.4

FEEHLDL/V

K2 AFE Yb REZEHH Al-Yb &4 09 JF 2 o AL

MEL2 il LIE L BEE Yb B o 5 3G
TR HL AL 5 W 7 % 7R T i 23 BCH 0. 8% I 3] 35 B
B(-1.52 V), BlJEBEE Yb J5 54355 A0 8 i 1E
., SLlfRAELE, AR R (<0, 4% ) B I IR
AL SEAR T IE T 7 = BT 4340 ( = 0. 4% ) B L
LS i

FIFFE 1 RS RESAE—1.2 V Ab A HL 3% 1 X
i Yb BB o BRI S5 R AN 3 s

95}
% —90f
5Ea -85}
< -80f
E st
# 70+
& _6s}

s -60r

-55 L " L L L L L L "
20.20.00.2 0.40.6 0.8 1.01.2 1.4 1.6
w(E)/%

H3 FRE Yb RESHE Al-Yb &4
FE-1.2 VAW B EE
H & 3 W LAE S B R ARG 100K Yb
NN ABENS R BRAR 5 Al-Yb (10 L 3 %5 8 | 3 R mT 5k
50% ., B BRI T & 40T 1 H A TR
P, JEH RBEE ™ AR R5CR I T 43 B0 L e gl
T HL A SRS I A B TR 2R, IR, Yb BEAS
AL AL B BT i 53 B B2 0. 4% ~ 1. 0%, IR 5T &



. 178 - A AL T

SR TE TG AR IR Yh 255 AL HR g 2% 5
B, Yb WIFE TG, I H A5 2% 5 A 7= 4 4 o %
AR RIEA EN, MR Yb AH
T AoRL B b 2R 6 PERRA
2.2 FIRAESH

1.3 TR R IR AL-Yb A 2R R,
ZERE 4 iR,

85
80
§75-
%70-
&= 65|
& 60}
55}

§8.2 OI.O 012 0'.4 0i6 0..8 1|.0 ll.2 1|.4 1|.6
w(tE)/%
K4 Al-Yb &4 F|F %

ME 4 TRLAE W, 4 Yb fES SR RES BN
0. 1%, & & MR R B T2l40 Mk Yb B
A3EE— 2 5 R Y I T v, PRAR R FH R0 25 4 5t
Al-1.0% Yb & & HA &R AR, K 81.36%,
ML T4 63% & — A~ KRR T, f3EA)E
THLAR 5 R B R R ] PR R SR ) SRR, A
(AFAE 2 Um0 1, 5 U 76 0 o e v ke
W% AR T e, Yb B A BEGE 401k ok, I
HgfeZe i, X0 Yb BERS A RO = & & 1A
AR, AL B Yb AEARS AR SR R 3 I
M2 SECHRA R TR, XM Tt Yb A
et LA R B A () 43 A AN 38 A0 AN T R i) 4
b, R AR R |, A BHAR R R R R
2.3 TR

XTEUL Al-Yb &4 UL LAt 1.2 Tk Y
D kAT A BRI, G5 R A 5 iR,

1o}
0.8}
0.6/
S 04f
‘NI 0.2t
0.0}
-0.2f
-0.4}f " . . . : .
00 05 10 15 20 25 3.0
Z'Q

1—Pure Al;2—AI1-0.1% Yb;3—A1-0.4% Yb;
4—AI-0.8% Yb;5—Al-1.5% Yb
W5 448 LK Al-Yb A 4 2 i M 38 B
HIE 5 A LLE H, Al-Yb &4 5 458 B A
(A BEL 3 P 24 el v A X A RS T R L K A AR AT X 1)
2 ANEPUINAL N, A0 X A RSP R S v 4 7 FL i
WA AT EUE s [ Y, T 200 2 il B e S 2

E395F1 8

L2 5 e Al 2 SOy F B ) s G B S R I 2 4
PUIRULR & A= 78 Al-Yb R A LAk 22 0 4y 2 25
HEAT ROy AR R
Al — xe- — A" (3)
(3 -x)e — AI** (4)
Al-Yb A %U&%%@%%ﬁh%@m#ﬂ%
B nIE 6 st

6 Al-Yb &4 DL R 448 b & L33 I By
& B A
TE L, RESW R EBITE, R, MW C, M
Fo Ry 5y SRR OB (3 ) Hh e i 2 B BELC A B X He, S22 L 2% 5 L,
5 Ry, FRW AR BEL C, VAR Ry FARHS 2 H I B v i %
FERHAT LA K A 2 H B

{8 FRHPLILE 34 ZSimDemo UL K & 6 s
BT 5 A p A R BB IE SE AT LA, BUA Y T
Bl 5 st & 3RoR , IE 5 vTLUE A 14

FARZEBUN, E 6 h& oL ool a4 R ank 2
Firs
x2 Al-Yb §& 54EBAZEHMITUEHIE

R 1* 3* 5* 7" Pure Al
L,/(107H-em™)  7.341  5.039 6.251 7.068  6.223
R,/(Q-cm™?) 1.515 1.736  1.476  1.298 1.439
C,/(107F+em™)  1.278  1.94 2.6 1.721  1.603
n,(0<n<1) 1 0. 9901 1 0.9976  0.94
R/(Q-cm™?) 1.595 1.131 1.085 1.31  1.266
L,/ (107*H-cm?) 2.28 2.339  3.333  4.477 2.263
R,/(Q-cm™?) 0.5  0.303 0.298 0.4392 0.4371

C,/(107%F+cm™2) 18.21  37.35 46. 1 24.36 21.92
n,(0<n<1) 1 1 1 1 1
Ry/(Q-em™) 1.334  0.6328 0.479 0.9546 1.193

S DL E 1 Rl AL-Yb & 4 BT IS Y
¥ﬁ~é$%%%%ﬁﬁm%0%m%&$?ﬁm

G HA BN BB, A1-0. 8% & 4 BA fie /)
mmm#émMJOWA% émﬂﬁmﬁmm
ikt W2 T IE M E 1, C, 1%
— 3 R R B, €, B RN S XU 2 [ R
B R , 2t 5753 >pure AI>7F>1% B 575
LB I T, PR LR B T S5 9 LA 2R 0



209 F 1 8

P HIRET, R, F/mRUH 2 A4 HLRH, H BH A4 BEAEL
SR Y R B L, R — a5 1 55 A A R BHAE
/N, AT AN 7 T R, B BEPT S LA Y
IERME, FIRFRA, Yb I A BRREFEAT Al #E
IR O B A R 0 SR RS AT 4 = 5 A i L AR
I
2.4 EERHEBESH
XT Al=Yb &4 DL S glifhdk 1.2 iR i Jr i

EA TP H G L K, IR SR R 7 s, A
7 ATAE H, AL=Yb & 4 5 2l 58 B A AL ik H
e AETCR P IR B B, HB A BE B[R] 1E % B A
TR TR R AR08 Tk, BRI IEIEH T
Bk KA FEL EL AT S PR e R R B SR
FEMZE TR i F IR R IR 2R . Ih AN A Y
i e e A RS L LA T T A ST, FE R
JIr s B (Rl 5 B N 2 R A —E R R,
4lifh Al-0.1% Yb &4V Al-1.5% Yb A& i
AT 8 KT AL=-0. 8% Yb & 4 76 3, B 7 1 it
] , 33 5228 it BELATC (R R SR AR X R . Rk, Yb fE
% 3 2o B TR R AR B P T U 2 B B R =
AR

-1.34

—1.361\

-1.38f

B/ V
|
S
=
-

500 1000 1500 2000 2500 3000 3500
f}iE) /s
1—4li Al;2—A1-0. 1% Yh;3—Al-0. 4% Yh;
4—A1-0.8% Yh;5—Al-1.5% Yb

W7 #4485 Al-Yb &4 18 R 4
3 Zig

A Yb 55 Al G <ALhil & Al-Yb & 4, i@ i i
FEA T Yb B B PR A AL S 0 A | R
PR S BRI B G R B, Y BT ABERS
A e il IN B B TR P T B A BB PR PSR 4 e
R AL A P, AT AR TR 2 R B AR PR RE
HI TE3E B R B M L0 R Yb REAEE 2 41 4k
KL LA B RIPERT, INHGE & Yb B9 AT LR
BHAR A TR ER, B OB B Yb 2 54
P8 2% o S I A SN 3 4 P i R A T B, T
i Yb ISR T it 20 Ak O 5 35060 25k BH AR g 1ok
ANEEST | DT AR BB B Rl A = 0 PR AR TR 45

IRTi%E I TE Yb Xt

8-S EBMLARIEEEEYSZ A - 179 -

GAE MR AS o b FE AR P BEXE RO RS, i 20
5587, 24 Yb B E0CH 0. 8% I, %t 4H -2 < Hi it
FHAR M BE ) $2 T K

S 3k

[ 1] Albert I J,Kulandainathan M A, Ganesan M, et al.Characterisation
of different grades of commercially pure aluminium as prospective
galvanic anodes in saline and alkaline battery electrolyte [ J ].
Journal of Applied Electrochemistry,1989,19(4) .547-551.

[2] Yang Y,Gai W Z,Deng Z Y, et al.Hydrogen generation by the re-
action of Al with water promoted by an ultrasonically prepared
AI(OH) 5, suspension [ J ]. International Journal of Hydrogen
Energy,2014,39(33) :18734-18742.

[3] Jensen A H, Li Q, Christensen E, et al.Intermediate temperature
fuel cell using CsH,P0,/Zr0,-based composite electrolytes [ J ].
Journal of the Electrochemical Society,2014,161( 1) . F72-F76.

[4] Pino M, Chacén J, Fatds E, et al. Performance of commercial alu-
minium alloys as anodes in gelled electrolyte aluminium-air
batteries[ J].Journal of Power Sources,2015,299.:195-201.

[5] Mokhtar M, Talib M Z M, et al.Recent developments in materials
for aluminum-air batteries: A review[ J].Journal of Industrial & En-
gineering Chemistry,2015,32,1-20.

[6] Srinivas M, Adapaka S K, Neelakantan L.Solubility effects of sn and
ga on the microstructure and corrosion behavior of al-mg-sn-ga alloy
anodes[ J].Journal of Alloys & Compounds,2016,683:647-653.

[7] Tuck C D S,Hunter J A, Scamans G M.Cheminform abstract; The
electrochemical behavior of al-ga alloys in alkaline and neutral
electrolytes[ J ].Cheminform, 1988 ,19(15) :2970-2981.

[8] Flamini D O, Saidman S B, & Bessone J B. Aluminium activation
produced by gallium [ J]. Corrosion Science,2006,48 (6) :1413-
1425.

[9] Lee K K, Kim K B. Electrochemical impedance characteristics of
pure al and al-sn alloys in naoh solution[ J]. Corrosion Science,
2001,43(3) :561-575.

[10] In-Jun Park,Seok-Ryul Choi,Jung-Gu Kim.Aluminum anode for a-
luminum-air battery-Part Il :Influence of In addition on the electro-
chemical characteristics of Al-Zn alloy in alkaline solution [ J].
Journal of Power Sources,2017,357.47-55.

[11] Wang D,Li H,Liu J,et al.Evaluation of aa5052 alloy anode in al-
kaline electrolyte with organic rare-earth complex additives for alu-
minium-air batteries[ J | .Journal of Power Sources,2015,293.484—
491.

[12] JHAEM, BRI WHER, % 7 1 Ce BB G & M Z5 4 Fl
RALSAPERE [ T]. AP I RS2 24 ( FAR B2 AR ,2006,37 (4)
737-741.

[13] Lee H J,Park 1J,Choi S R, et al.Effect of chloride on anodic disso-
lution of aluminum in 4 M NaOH solution for aluminum-air battery
[J].Journal of the Electrochemical Society,2017,164(4) ; A549—
A554.

[14] Wang D P, Zhang D Q,Lee K Y, et al. Performance of AA5052
alloy anode in alkaline ethylene glycol electrolyte with dicarboxylic
acids additives for aluminium-air batteries [ J ]. Journal of Power
Sources ,2015,297 :464-471.

[15] Smoljko I,Gudié S, Kuzmanié N, et al.Electrochemical properties of
aluminium anodes for Al/air batteries with aqueous sodium chloride
electrolyte[ J].Journal of Applied Electrochemistry,2012,42(11) .
969-977.1



