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ABSTRACT: Magnesium alloys as a highly promising anode for seawater battery have gained great attention due to the
negative standard potential, low mass density, high theoretical capacity. This review offers the research progress on seawater
battery of magnesium anode materials in recent years, first introduces the classification of common seawater batteries (Mg/metal
chloride battery, Mg/dissolved oxygen seawater battery, Mg/hydrogen peroxide semi-fuel battery), and elaborates the operating
conditions and application fields of these batteries. Then, this paper summarizes the problems of magnesium anodes, including

inevitable self-corrosion (galvanic corrosion, pit corrosion etc.) and negative difference effect, which promote the evolution of
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hydrogen and result in a decrease of anode utilization efficiency. In addition, corrosion products would attach to the surface of

electrode, leading to the reduction of reactive area, thus making the discharge potential hard to meet the technique requirement.

In view of the problems of magnesium anodes mentioned above, some improvements are discussed like alloying, heat treatment,

plastic deformation. At present, Mg-Hg-Ga, Mg-Al-Pb, Mg-Al-Zn series etc. are of wide applications, and further optimizations

such as extrusion, rolling or annealing, homogenization can be made on the basis of these alloy, thus develop magnesium anode

materials of high-performance. Finally, this paper looks forward to the future development direction of magnesium alloy anodes.

KEY WORDS: seawater battery; magnesium anode; alloying; heat treatment; plastic deformation
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of dissolved oxygen battery'=™’; c) structure of hydrogen peroxide semi-fuel battery
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Fig.7 Recrystallization diagrams of the extruded AP65 (a) and AP65-La (b)!*"!

3.1.3 Mg-Hg-Ga &

AR EEIT & ) Mg-Hg-Ga &5 HAL RIS
4 PEARCHH L 40 B8 il v M, H— ELIRSS TP
T 207 5421, Mg-Hg-Ga &4 4 % AL WL AT
Hg I Ga MY f#-FRUUBALE f# R, Hg. Ga A&
TG EE PR PEAR R (9 it BE AR/ N, 388 T8 B3 A A
Y SEAE T AL, e L7 AR TR S B SR A
O B, BRAEE T a-Mg AOIR i & S EUEE
TR, MR T AR I A E S, FRAIG
TR BHM AR AL, fEEE P AL TG RS . BLAk,
HRE He® M Ga*' ik &9k Mg i8J7 AL Hg 1 Ga,
DU TR, B He. Ga WTTRUZ, R T8
T = 1 o M, (A AR B R Ak 2 S A W A T
P A T IE TR A

Zhao Z1°I%F Mg-Hg-Ga #E4T R0 53t A REAL
1k, It5 AzZ31 Fl AP65 B4 TIbE:, K# Mg-
4%Hg-2%Ga 1] AT G (14 A0 H L7 BT BRAR (4 i H
T, mALEMERLE R BN, £ 100, 200 mA/cm’
THRLR B E T, AZ31 Hl AP65 1Y) e o7 J Bl i
() BEARA Ak , B0 TR A RR SRR AT 5 I Mg-4%Hg-
2%Ga FEBEAN L S R AR RS TR R .
BRI L AZ31 Fl AP65 H 11 55 B AR Mg,,Al, 7RI
AL AR A EASBITE AR IERT s i7E Mg-4%Hg-2%Ga
rf A BB 5 B AR A MgsHg A3 /R 98 14 L PR AR 0 a-Mg
SR, AR EE G 4 F I LA B e B A Bl AL
TN, BRI I 5 PR Mgy GasHgs T 17 5 3%
PARTE] B LA 25, 48 ol ) S 0L ) A BE A E — 2 Y L PN,
2V A PR v A B T K I R ) BE AR A R

i LTk, Zn BEINA B T A0 /N S ST A
&b, AL AN AT L5 A A B-Mgy,Al,, H

TS AT IS T AR Ay T ok P S T e AR 11 T ok 2
WA AL FI Pb [ A B P BOVE AT, BT DA #4804k
JEE DL L2 FLIY 2Mg(OH),  AI(OH); JE i vk , 1
TR TGRSR s AN Ga A Hg 1T 38 4 ¥ - -
TUBBIL 87 PE AR 2 1o M AR it 2 . SO Atk i
TE T R =75 . Ik, Mg-Al-Zn R EZ R
55 T/NDPR R34, 1 Mg-Al-Pb. Mg-Hg-Ga &
W] T KIPR & & o, #E—2E 2k
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A3 A B A RE K, SR EARHE B A 4 BHA B35 FL HLER
GG

3.2 MAbIE
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AR KA, HRE TP BE A S A RS
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Feng 25 “BF9E B 3406 Mg-8.8%Hg-8%Ga it fsi 2
ZURH bR R, KBLAE 473 K BFRLAT,
Mg, GasHgs {ﬂﬁﬁ% E@% E#&ﬁﬁfﬂﬁj E"Jif(ﬁﬁig ,
4% 96 h A WL Y Mg, GasHgs AHEREAS K, 722k
(R AN T8 50 B4) Bl L2385 Ky o ok 1 B A Jm 0 s A, i 45 B AR
FE A 0 ST PERRAR B0 25 0 TR 1 5 05 K1)
JETRELFT (4.57 mA/em?® ); BFREAE] 8 h, Afsk i
M 423 K #2F+ %2 523 K, Mg, GasHgs AH A 2 i
%, KRS Mg, GasHgs AT 454 - P UL
B R TSR 1 ALV i o e P A2 46 473 K
% 8 h ) Mg-8.8%Hg-8%Ga ELA e i (45 4 v Ak 24 Pk
AE, HLA AgCl 4 2% 1M ) F i FL RE £ T3k 130 Whikg,
PEF 30 Whikg IR HL it A1 88 Whikg 9 AP65/AgCl
LIRS
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[72].

Fig.8 BSE images of Mg-Hg-Ga alloys in different conditions ''*': a) as-cast; b) homogenized;
¢) 1.6 mm-thick rolled; d) 0.8 mm-thick rolled; ¢) 0.35 mm-thick rolled
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[60].

Fig.10 Grain orientation maps of the extruded alloys"™: a) AP65 along the radial direction of transverse section; b) AP65 along
the extrusion direction; ¢c) AP65-La along the radial direction of transverse section; d) AP65-La along the extrusion direction
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Tab.1 Improvement methods and perfor mance enhancements of the above-mentioned common magnesium alloy series

.. Plastic Utilization Power Specifl ¢
Composition Heat treatment deformation efficiency/% density/ capacity/ References
Y7o (mW-em?)  (mAh-g)
Mg-Al-Zn-In 385 “C, 24 h homogenization 77.2 [52]
Mg-Al-Zn-(Ca,Sm,La) 420 ‘C, 12 h homogenization 350 C hot extrusion 61.9 1381 [53]
Mg-Al-Zn-Gd 420 °C, 12 h homogenization ~ 350 ‘C hot extrusion 1271 [54]
Mg-Al-Pb-Ce 74.7+0.4 [59]
330 'C, 16 h+420,2 h 450 'C, 18 h
Mg-Al-Pb-La homogenization hot extrusion 260.8 [60]
400 °C, 24 h homogenization o .
Mg-Al-Pb +150 °C, 4 h annealing 400 °C hot rolling 84.7+1.0 [66]
Mg-Al-Pb-(Ce,Y) 400 ‘C, 24 h homogenization ~ 430 ‘C hot extrusion 64.1+0.5 [73]
500 ‘C, 24 h homogenization
Mg-Hg-Ga +200 'C, 8 h aging [64]
Mg-Hg-Ga 400 °C, 24 h homogenization ~ 400 ‘C, 1 h hot rolling 87.16+0.78 1903 [70]
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