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Abstract; Magnesium batteries with the advantages of low cost, high energy density and high security
are expected to be applied in large-scale energy storage and power vehicles in the future. However,
magnesium batteries are still in the early development, and cathode is the key reason that limits the
battery performance. The high charge density of Mg®" results in slow diffusion of Mg"" in cathode
materials. Therefore, how to improve the electrochemical performance of cathode materials is the
focus and difficulty in the field of magnesium batteries. By analysing the related researches, six
strategies for improving the electrochemical performance of cathode materials were summarized in this
paper, namely, reducing the particle size, using the shielding effect of the solvent, increasing the
interlayer distance, regulating anions, exploring new structures and developing double ion batteries.
By clarifying the root cause that makes the strategies effective and pointing out the advantages and
limitations of the strategies, this paper provides valuable guidance for the development of high-
performance cathode materials for magnesium batteries. Finally, the development status of
magnesium battery cathode materials was summarized, and the future development trend of cathode
and the whole battery system was prospected.
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Fig. 1 Examples of metal sulfide adopting the strategy of increasing the layer spacing

(a) schematic illustration of the preparation process for MoS, /graphene compositest?*); (b)structural schematic of the as-prepared

CuS and CuS-CTAB materialst?] ; (¢) schematic diagram of crystal structure of TiS; in different statest?*]
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Table 1 Application examples using the strategy of increasing layer spacing

Initial interlayer Interlayer spacing
Material Filler Intercalated ion Ref

spacing/nm after expanding/nm
MoS; PEO 0.615 1.45 Mg? ™ [19]
MoS; Graphene 0.62 0.98 Mg? ™ [20]
VS, 2-ethylhexylamine 0.573 0.993 Mg?* [21]
VS, [BMP]+ 0.583 1.252 MgCl* [22]
CuS CTAB 0.82 1.3 Mg?* [23]
TiS, PY14+ 0.569 1.086 MgCl+ [24]
V.05 sol PEO 1.16 1.26 M2 [25]
V,0; Na' — 0.727 Mg?* [26]
Mny. 04 V205 « H2 O Mn?* — 1.09 Mg?* [27]
Mgo. 3 V205 « 1. 1H2 O Mg? — 1.19 Mg?™ [28]
V503 Na™ - 0. 685 Mg?* [29]
«MnO; TMA* — 0.97 Mg? " [32]
Ti;C, T, CTAB 1.32 1.52 Mg?* [34]
VOPO, PA 0.741 1. 424 MgCl+ [35]

P2 S Ak ) 390 5 i 0 1 S 481
V205, Hy O TESE A BE 7S () AL S (b) PRI SE I A% B 181107 5 (o) VOPOy » nHo O FE JG K FIAT K B A 380 1 e 1 £ A7 AL A 41

Fig. 2 Examples of metal oxide using solvent shielding effect strategy

Structures of V;05 * H,O at fully magnesiated (a) and fully demagnesiated state (b) [397;

(c)schematic of charge storage mechanism of VOPO, * nH>O in dry and wet electrolytes !
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Fig. 3 Charge distribution upon the diffusion of Mg?" between layers of M X,

(M=Ti, V; X=0, S and Se) with layer spacing (unit/nm)*6]
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Fig. 4 Electrochemical reaction mechanism and electrochemical performance of NVPL]

(a)illustration of the electrochemical reaction process of NVP; (b) galvanostatic charge-discharge curves of NVP/C/G at 0. 1C;

(o) cycle performance of NVP/C/G at 0.2 C

R JE I (4 A A7 B BRI 4R T I AR P R A 05 — AT OR
W, Ma 5020 0 8 T35 2%  FEBLER O RL A TiO,
ol AR AR ALAE N Mg IR AL . 250
HUSTH R AR R Mg SF 20 B T o ik A B
i, M THEIGEH TO, BAZ JH A 25 mAh « g
femi®) 165 mAh « g 'L B e i AR BRI, Rk
JEE A 2 07 B 2 A AR T s A A AL ) T Bk S 1 A A
R R RE R T A F T 2 0 6 Jm B T AL . s

REW G BB Aok BT T Mg 2N E T
HL T 1 LR AR AT AT (9 L 9 HLE T A AT RE T K
PN i UP TR N

T B 548 TR AL B 2 5 T B f Y E AR A R
PERE A6 E R A . HAE AN W22 100 1 7 v n] BE 2 3 A
R 8] 5 52 36 AR B R B, DRI N TR Mg® " ik
A7 00 B9 BEARE R BT RO R R TR BE Al R I 1 25 5 B
W8 5 45 F 9 07 B R B e SRR AR



WA9 2

B L b TE AR A AP I R T SR 114 T 5 R 17

1.6 XRERWNEFHI

5 Mg*" TE IE B AR b R 9T B AR L, L,
Na" 25 B4 B 1 B 9 HOE JZ 215 2. L, 78 IE )
— LA A 5 R R T A AR R BRI Mg® T B AR
HHY SIS T B AR AT R P <G %, ) A XS 1 R Y, T LAY
BB e IE AR Bl ) 2 i DT e Ji R A 2 R RE AR S
A BE R . XU L Y TR A P 5 R
Fovb G Jm B AE Dy S R A/ B S R D IE R A RE . A
e FUE, JLP BrA 3 TS e B R Y I B AR RO
FHFXRUES it o FRL A 9 X - ri b Y S B LB
T B PR IR 5 A B AT nT 0 A A / DORURONE SR B R

AR Lit s Na ™ UE 1E A% i A BEHE SR B 1547
ICH A Mg M LiT 3 Na™ (80 F LR . W
5 Tt A R WE R T BE A IR AR Ry SO JC A B R e
YRR H A P i AR o AR 3h 1 2%, TR 4 ok
FEZIT R AW £ . ©JF & 1) Li-Mg W& 1
Hi AR &, 745 DL APCH LiCl %W v f# W, tn Mg //
Mo, S, Mg/ TiS, " 45 s B HF & B Na-Mg W FHL
ARV R S £, BT NaBH, + Mg(BH,),-G2 H
fift R B Mg // FeS,"", Mg // TiS," ik &, 3 F
MgCl, + AICL, +NaAICl,-DME H fi# & k4 2 1) 25 W %
Mg/ Na, V, (PO K%,

[ 5 Na-Mg U T 2% 1k o b o i [E )
Fig.5 Schematic diagram of Na-Mg dual-ion batteryt5*]

TE W A H A 2 S I e LB AF 9 A A5 . Jin B
M H# B Mg/ APC+ LICL/ VS, XLE 1 it 78
500 mA « g 'RUHF® E R B 300 mAh « gAY
ML 255, 9F H 78 1000 mA « g ' i HL 3 % BE R 96 2R
1500 WG AT LIE R 110 mA g 'H L& . HLH
MR Ak B rh k4 Lit 5 Mg i3k A,
FER TR FZORIE T Mg™ ' TR R RN I Mgy s
Lio 70 VS, s Horfr Li™ 78 it A 0923 B2 o A5 A 08 Bl
Z Y WO E S5 AR . TTE K 2 B0 F Bt R &
L T L, Na B9 BIOHE BE RO, Dt TE AR 2R
Li" 5 Na™ (i AL R, a0 A< PR A 200 3 2o
3 A NaBH, £k Mg (TFSD), Hi i ¥ i 5 7K 571 Fil

Na® ¥, & i T — F JC & i f# i Mg (TFSD), +
NaBH,-= 2 — /5 — H(G3)/DME ] T* Mg// NaTi,
(PO, BB, 754 NaBH, 1Y H W . B
WL NE, BEE NaBH, 3k 5 % i I+, X
B b O A R W T . fE 10 C L
FER LI 1000 ARG RE AR +F 93 mAh « g ' L
LA, HLBRAF ST IE W] IE M o Na™ (0 A B s
Mai Bt 8 417 78 1% & & h ok F MgCL, + AICL +
NaAICl,-DME H fift % , 38 i J5 2 XRD % T Be 1k W]
T IEMA Na™ i ABE Y R

SR o F1 T 7 BN B F i A B 2o A o e i 3
B 1 e 8 2 3% T A I L TR G 5 B2 0 A T A 1 o A



18 R TR

20214 2 H

TBOR PR AIE L A 27 BB B A (R4 . [ XUER P A T
F% o % T T VA R 2 T PR b R AR B
JEE B B AR S AR B 3, (B ARTTT 3 il THZR R A
Sy i B OF ELRAT 5 B A B AR BT Y F AR R B
J15 AR AR T BE M AE R B el R — SR A

MOEAE .

B R T AR A R 4 K R s R R R CTET 6D, i
AT TR v T ) TE AR BT R T AR A R o T R
R 1) 2 5 T e B B B T IR AR AR R S B
HETARRF AR BEHESE .y T8 7 Al 280 S0 B 4
P R SR B DU AR S s IE A R B A s ERE AR R T
BRI BE A B T ABATHAR 5 38 L A B HAA R 260

6 Bk HL b IE AR R R B R R
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