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Al—In—Mg—SnCe Anode Material
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Abstract: An Al—In—Mg—Sn—-Ce alloy anode was prepared. The effect of annealing condition on the electrochemistry properties of
the alloy anode was analyzed via the measurements of hydrogen evolution rate, polarization curve, electrochemical impedance and
constant current discharge. The microstructure and corrosion morphology of the alloy anode were determined by electron probe
microanalyzer and scanning electron microscopy. The results show that the annealing treatment has a certain effect on the number and
size of precipitates on the alloy surface, thus improving the electrochemical activity and corrosion resistance of the alloy anode. Also, the
Al—In—Mg—Sn—-Ce alloy anode material has an excellent discharge performance in an actual use process when the annealing
condition is 350 ‘Cand 6 h. Tthe energy density is the maximum value, and its energy density is 4 837.64 W-h/kg and 3 283.62 W-h/kg
when the aluminum alloy anode is discharged at the current density of 40 mA/cm® and 100 mA/cm?, respectively.
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TN SR KA EE T2, R A BT IE
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Hath R FHRESETRFETHREET N
Al—0.025In—0.5Mg—0.06Sn—0.02Ce) F FH 47 ¥ 1,
U o BRIAE IR TN, B A
760 'C, HIMABHECQGFHEESILE, FHENE
FA SR HFER 5], B 10 min 850 RS 1Y
51, PR TE O R AR BN A SR 851G I
RAHEER. N5, BEEHREAFLN 2mm F,
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Table 1 Annealing process index

Annealing temperature/C Annealing time/h

300 3 6 10 15
350 3 6 10
400 3 6 10

1.2 BE MR

Fd (2543 C) N M i L /7@ PGSTAT—204
LA 2 AR Sl dE AT FE A 2 MK, i 1 0 = H A
RY, —HWWRARGPHBBEECNE R ER. S
A% A M AT He/HgO (1M KOH) FEL#) » TAF HL il Ny
ANER KR FE I 5 AR A S B, H TAETA A
lem®, JETAER TR EIREAM G, AR 40 T1F
HEATITEE, SR )5 28 MKIE U, JE4CT )% . 18
4 mol/L NaOH HEf# + 47 T B AL . Nyquist
il 28 R EL 7 AR AL i 2R o ARt il 2R H RS LA
2~1V, F#EFEN 1 mV/s. Nyquist i Z& 5%
Y 0.1~10°Hz, MR{5 5~ 10 mV {15529,
A A A N G 5 8 Nova2.13.
1.3 BERENE

B 1 emx1 em &9%*5 IR, FIRPAUITES, 7%
TAIEE. KT, TRERE &SRS, M
e H LN E 4 mol/L NaOH ¥4 i H iR K ab 3 5 (1)
Al—In—Mg—Sn—Ce &4 T A EMIEZR, JEih
BN 1h, REEHE, HHRRE FH 2818 KIE Ve
THRRRE . OIFE T3 B S Mo R TR, 1R
AR (1).

v=(mo—m,)/At (D)
A v TP EEMER g em > h ) me NIREE
JRAE TR (g)s mi NG B (g); 4 NIRFER T
(em?); ¢ JIRIAI ] (h).
1.4 HERMEEENE

% AR EE T Z TR AR & S BHARAR < 51
S A 4 mol/L NaOH 45 1k 20 2% il FE B, BHAK T
PR 1 em®s FABHIAE 2 TAETEALA 9 cm®s
IR R S8 CT2001 76 HLI S A 40 mA/cm® Al
100 mA/em® (262 FEEAT 1 1 h (B R I o
FE IR R R &SRS, M
TE BRI e 2 RBHAR AR, tHEA )

H(@3).
B B AR R 1 5 A R .
. MUt @
60,
w 0,
n_gymxuma (3)

e w N RE RS (Whikg): j VLS (mA/cm?);
Wo NSEBRIR R B (g)s U X I HL I L IR 30 H
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(min).
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Fig. 1 Polarization curves of each anode in different annealing processes
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Table 2 Fitting parameters of each anode polarization
curve for different annealing processes

2.1.2  FHIRBABTS HT Bl 2 NAFEBKTZ
BERBEE S HRM AR 2. hE 2]
HU, FEATT 26 T 4R Ak 1 W B 2 VA R FBLBEL(RS) B
i 22 7K ST A1 HE A5 21 1 H A A2 A B BEL(R,) - R
Ak oL BFL(R,) B0 455 8 5 H BHL Ry 0B85 b 51 2 11 FL B
B FH Rpor=Re( L fif % 7% WL BH )+Ra( ¥ 8L Z W
BE)+R, (A Hofls RARFISE, anfg =4 . AE T30
Ao FlETE). B 1M RNEMEER, HARE
(1) /2 WM FBLBEL Ry, X . HEL FELAEL (R )R ¥8 TR 5 1)
A (CEP)); 2 2 N NRAIX AR, H
RRAZ LB L Rpors AN FL B AR (Ro) A HE 3
R (02)o

ol(Accm™) Polarization
i cor/(Arcm
Annealing processes Econ/V J resistance/Q
300 'C keep warm 3 h -1.507 0.118 3.783
300 ‘C keep warm 6 h —1.489 0.173 3.013
300 ‘C keep warm 10 h —1.495 0.160 2.860
300 ‘C keep warm 15h -1.490 0.224 2.257
350 'C keep warm 3 h -1.506 0.195 2.508
350 C keep warm 6 h —1.501 0.224 2.223
350 C keep warm 10 h -1.504 0.194 2.367
400 'C keep warm 3 h —1.483 0.210 1.953
400 'C keep warm 6h —1.481 0.144 3.035
400 C keep warm 10h —1.487 0.207 2.407
12 -
L0 - o —m—300 C keep warm 3 h
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(d) At different annealing temperatures in 6 h
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Fig. 2 Impedance curves of each anode in different annealing processes
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Ry FRIR/IN SEARAE BF AR (14 68 bk RE AR B E R 2%
EHRRILFE.
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Table 3 Fitting parameters of each anode impedance curve for different annealing processes

Annealing processes RJ/Q R,/Q i R,/Q e
Yo/(Q " em2s") N Yo/(Q " em™s") N

300 °C keep warm 3 h 1.956 1.218 1.72x10° 1.009 0.458 5.65E-02 1.100
300 C keep warm 6 h 1.647 1.086 3.21x10 0.065 1.100 2.00E-05 1.006
300 °C keep warm 10 h 1.716 0.781 3.25x10° 0.988 0.241 9.18E-02 1.100
300 °C keep warm 15 h 1.230 0.818 2.10x10° 1.031 0.259 7.38E-02 1.100
350 °C keep warm 3 h 1.178 1.047 2.34x10° 0.997 0.387 6.18E-02 1.100
350 C keep warm 6 h 0.902 1.056 2.07x10° 1.017 0.384 6.05E-02 1.100
350 C keep warm 10 h 1.006 1.066 4.38x10 0.061 1.100 2.07E-05 1.010
400 C keep warm 3 h 0.874 0.855 2.85%10 0.067 1.100 2.10E-05 1.030
400 C keep warm 6 h 1.843 0.898 6.46x10> 1.100 0.285 2.87E-05 0.988
400 C keep warm 10h 1.163 0.979 3.26x10 0.058 1.100 2.15E-05 1.0153
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K 3 A RR K T ES MK AR 2. K
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Fig. 3 Self-corrosion curves of anodes in different annealing
processes
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BH A E A [R] FELJAE 25 T T (1 7550 P B 0 R o T
T VP BH B S 1 B 1) e B S 8, s L R

SE T BRI AE /T, R R e e AW P 2
EILIER

Xt EGIE 4. P 5 RIZE 4(wi A 40 mA/em” BT 2
FE R BRI I RE RS, wy N 100 mA/em?® HLIf %
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Fig. 4 40 mA/cm? discharge curve of each anode in different annealing processes
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Table 4 Energy density of each anode in different
annealing processes
Annealing processes wi/(Whkg™) wo/(Whkg™)
300 C keep warm 3 h 2179.34 2355.06
300 C keep warm 6 h 1767.74 2249.67
300 °C keep warm 10 h 1305.95 1972.95
300 °C keep warm 15h 1835.93 2496.67
350 °C keep warm 3 h 2935.53 3116.65
350 C keep warm 6 h 4837.64 3283.62
350 °C keep warm 10h 3505.26 2627.30
400 °C keep warm 3 h 1656.55 3021.65
400 °C keep warm 6 h 1939.39 1 806.85
400 C keep warm 10 h 2353.94 1935.82
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100 mA/cm? discharge curve of each anode in different annealing processes
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(h) 400 'C keep warm 3 h

R

50 um

(1) 400 °C keep warm 6 h (j) 400 °C keep warm 10 h
Ko AFFAEIE T ZEAHM
Fig. 6 Metallography of different heat treatment processes
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RO ZEIRR, HAp B of XA 350 °C ORI
6h BE B R K, 40mA/cm” B T RE R
N 4 837.64 Wh/kg, 100 mA/cm® HLIf %5 B N RE &%
9 3 283.62 Whikg, 1% 1. 25 45 (0 B ARt 2 i B
FERK. Kl 6d. K 6g FIE 61 =#E5MMIT, %
B B0 b 320 T A K R oL, S AR FE e i
REER B LA K . [ 6) X LRI BH AR I fithr £ 48 K
KH SRR, S FHEW, 12 BHAR O S5 1K 6d.
P 6g F1A 61 AHIL

242 FENCGRHETHRE S B 7 ARG
T2 SEM M Fr o 3% 5 AN A #AAb B T 2 FHAR I X
PAEMIREE R I 7a. B 7e. B 7F e 5 4R
ATHN, AHENR KBTI, BEEIE KRR, FH
AR S ERL I 1 2 TR A8 FF SR RS, 2408 KR B Ik 3
350 CH, BHHH ) Ce JLE. In JTCREMAEFICR
Ca I Si HTHAEMRATH A, X L fwbiAH 24 F T FH
BE e e, o, B 7c MREAEER 240/
Fea, SRR R, AR T BT X

(e) Discharge morphology at 400 ‘C keep warm 3 h

(f) Discharge morphology at 400 ‘C keep warm 6 h
7 AR TZ SEM )y
Fig. 7 SEM pictures of different heat treatment processes
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HEIE 7b. Bl 7c FIEI 7d, Z563R S mIA,  [Rl—IB kR
FEF, BEAEIRKERIFTINE,  BHARTBCR fE 2 i £ 30
MK B P BRI A A, i 350 "C IR
I 6h TERALFRR, #5 Ce JTLRALE T WATAE+

CEA A HTATAL, B ZGR K T2 RE A S BHARA
LIS A 4RRA SR AR, TR kL, 3E—
AL AR, 5 B AR B IR KR T
Hi L AL R TR LI A R B A IR KIS R R AE G,
FAE KRR IZHT IR . Forh 350 ‘CHRIR 6 h A tE
T2, 400 Crid 3h 5 350 ‘CARUE 6 h AHIT o

5 [E7 hREHRALIE T E PR KRN 5 R

Table 5 Spectral test results of anode selection in different
heat treatment processes in Fig. 7 w/%

Constituency A In Sn Mg Ce O Ca Si

A 100

B 99.56 0.44

C 100

D 95.9 1.29  1.02 0.66 1.12
E 100

F 83.94 1.68 442 091 547 0.38 32
G 100

H 10.83 6524 8.02 1471 1.21

1 100

J 29.68 20.41 31.39 136 15.04 1.12 1

K 100

L 17.45 1933 30.26 1.51 29.47 1.08 1.51

w—Mass fraction.

3 £

IS AN [FIR KR R X Al—0.025In—0.5Mg—
0.06Sn—0.02Ce FHAR FIHHL « FoOW &5 7 F 5 il P g
IWF T, AL BLAAE B T 2 e85 Al—In—
Mg—Sn—Ce & & HRFMOUE A& ST RN
i, T2 & BHR ) Ak 2= R . ELBE A IR K
TP () = B AR (R 2H A S i S A Tl AL HaBE R,
AR, NS PE R IR PEAEL PG, T bk e A B A %
1o ARYEER 2 B A FER 5 100 mA/em” I (1
R, 251K, fERKIREN 350 CIRiE 6 h
i, Al—In—Mg—Sn—Ce & 4 AR RHE 52 bR
RS EARRBCEERE, ENRRERERN
3283.62mAh/g, 5400 C i 10 hiB K FIFE AR L,
REm B FEIIN T 69.62%. @I [ JE il K, 25
LB, BHKLLE 350 ‘CHI 400 CHEAT T8 K AL H,
b AR KT TR PRI RE K, BE R (1) g ol 6 S BRI
Wit T e BN T2 , sErERk
T A4 350 ‘CHRIR 6 ho

1BK T 2Rt OB & S Pk I 4 2451
FCER TS, e S BH A 22 1l P4 R AT 0 FL 1 R T
. Hob 350 CHRIE 6 h FIIB KT, mILMEEIH
JE s AR AR R PR R R A B R
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