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Abstract

Traditional lithium metal battery cathode materials, such as LiPF¢, LiCoO;, LiMn;04, and high nickel
ternary materials, have gradually failed to meet the higher energy density demand by current power
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batteries. Lithium-rich manganese-based (LRM) cathode materials have received much attention
because of the high specific capacity (>250 mA-h-g-1) and low price, and are considered to be one
of the most promising materials for next-generation high-energy battery cathodes. However, due to
the instable structure, it tends to lead to poor rate performance, poor cycling stability, and severe
voltage drop during cycling. Meanwhile, in order to obtain higher capacity, the charge cut-off vol-
tage of LRM lithium metal batteries usually needs to reach 4.8 V, which is also a challenge for the
electrolyte. In addition, the severe interfacial side reaction and irregular dendrite growth in LRM
lithium metal batteries have seriously hindered the further development of LRM lithium metal
batteries.
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[4] [5] [6]- It #5038 — BELAEXRT T3 iy H b R M RE D7 1T, - A8 e A 8 1 s 1) R — AR B g F v
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) SEI A e P A el B 1 s ith[15] . 72 AR AR, SO B IINE AN 51O, (/3R
() SEI P AEBUR BN AT AR, T2 S BUR S A HE5 P RBT OO Ae e, RS EBORTHI . A
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AR AR, W LA E AR 2 (N & 1) FR) [241FIEInF(n ) 1(b)FTR) [23]#B 476 £ 4 Jd 2= 1H
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1. (a) Reactions of common electrolyte components on the surface of lithium electrodes; (b) Schematic diagram of the inte-
of lithium surfaces with lithium salts (e.g. LiTFSI, LiFSI) and additives (e.g. LiN3/LiNO3) in DME solvents [23] [24]
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LiMg, Liln, LiSn, LiSi, LiAl, LiB %&)FAK AR SRPE[35] [36] [37] [38]. #RT, & <pfbid /=i sk
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Figure 2. Diagram of the growth of lithium dendrites and the formation of “dead lithium” [37]
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FHAL PR SR AR, AT ARSE TR ME) )5 A R = LRI R . WIS, AT
H AR AR, G R R T A 5 P AR [42] . T I Ah A 25 BB ) A 5 B AR i 0 2 K AR AR AN T
o WNENIHMEER, SEENMIAEKNIEREGIRE, . PGSR ERES . AR HEIZ %,
— ORI, EVIIE R A e R b, BRER T AR A BhEE Y, T HARR RS — R A I I LiO.
LiOH. Li,CO3 %W MAIIG)Z . FEIXFREOL T BRI A B IHI46 SEI JL T2 A5 5 [43] [44]. B5F
TR FERA FE 5| L 1) L AN SRR i MR FE 2 b it AR KR Rl .- Chazalviel 55 A\ [45] &K IAE Li*
MBI FE AR KEAIVE R FRRAS T LiTH0issl, X fEfs Lit i b I 5 208, 7 id f2 v,
GO THT ) I B8 IR B IR T B, X 51 R— AN IEAS AT X, (R S AR K. 59 A1 s it (9 7 5 L 9
K [46] [47], LAKL s N B [ F7[48] [49], #RExd ek dit B A= K P A i

NT i AR R S T A AR A ARG, AT EEEA LR LR . B, M ME RS
H B R B ARG (R R T (1 R AL 2% PSR A AR I S0, BRI B ) = 4R L . = SR &) 34k
DA KGR SE RN 58 K R A 01E F 55 [50] [61] [52]. 2B, ﬁi%%mmﬁﬁ%mﬁﬁ,mwﬁﬁm\ﬁﬁ
W SRR 7 SR AN BT AR AL, 8 G E R (R, AR BE N34 51[53] [54]. =, BURRRART
S R 5 AL SRR 2 BT o R U AN AR K T 1 [B5]

3) AFarE ) SEI

TEWIAE I 70 R R, IR A 6 2o 5 FEURR L T R 2R S 7 AR AN Y IR R A 5 1) 78 7 AR B A
RMXDE—Z2) 20 nm JE R Z . 1979 4F, Peled B VO X Fh L1 2 v 4 SEI [56]. L sLibfl
HGHR I, SEI () BRI IIIEHLEL, W AsFy, PR, CRSO;, LisN, Li,CO; NS(O,CF,),
&, UK HLET B R P24, In: (CH,0CO,Li),, ROLI (R ykidk B it [ ), CH3CH (OCO,Li), CH,0CO,Li,
CH30Li, CH3OCO,Li, HCOOLIi & [22] [57]. SEI [ REXS ML PERE R B & —48 “XII8)” o —J71H
B4 SEN BT DARBH (81 43 i i 5 B AR VR R B — 20 OBE, 5y — U THD EH TR A AR A4S SEIL 1)
AW e, {H15 SEI BEAfEE, FEBIMLKAFHEIGEN, AEEMK, BME—PAK, DRES
K NS W) (58] [59] [60] [61] [62]. SEI A fy 2H i A1 BEAEAR KA E LBk FIA570 . AT 7 i
P, l%%gﬁﬁ%%ﬁmA@&ﬁ DAFE A 22 11 2 ST 25 A1 80 10 SEI A [62] [63] [64]. 4R, SEI

N EEWERNE, AR BRI TR 2 R &R, 3 AR R AL R S L IR R S .
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Figure 3. (a) LITMO, in a diamond shape; (b) Crystal structure of Li,MnOs in monoclinic

system [75]
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)M R[78]. LITMO, A £ J5M a-NaFeO, FIJZAREEH), BB HES 58U 51 ffy )\ T A 7 8 Al 22 AR o
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B T BRI AR AN, LRM BIFRBCRAT A FEFEER T T . Wl 4 Bios, 7 LRM 5 P ) 78 sl 26
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Figure 4. Typical charge and discharge curve of LRM under a 2~4.8 V voltage
window [79]
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FTEL LRM Hh [R5 7 = Je IR A8 AR i AL, I Y 5P T ) S 7 B8P VR VR R [83], U<
JE T R T B R [84], T T IS AT A AIE R AR [85]. ELAR H IR 2 B SRS L AR AR 2
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Figure 5. Schematic diagram of challenges and strategies of LRM cathode from crystal structure to practical application at different
stages [82]
5. LRM IEfR M A E5 42 SERREL A A R ER B ki A SR e TR = E[82]

1) B B AT AR AN T 25
W BT, FATRELE LRM MR E B R i FE o, JRIHORAE 4.5V LA EMIEHE, BT 38
TRI R RN, SAEAE— AT IR B G . 76 LRM i R fed, A R-3 m (19 LiTMO, J2 fit
TIOTHR 4.5 V ZRTHI A&, TS #)Z LiMnO; WA 57 5T#k 45 V ZJE A E . Li,MnO; Al LITMO, #J& T
JZIR a-NaFeO, BUE Ehahif, EATTEHHA A1 (1 )\ THAR A7 B 454 5 P [82]
e 6 MR 2 (CV) LR, 16 4.5V Z T FIEMIEEIEN B LITMO, Hid % 48 (A e 5,
Ji R AR R A
LiTMO, <> Li, ,TMO, + xLi" +xe™ (20~ 45V) (8)
TX R 43 P H (R R PR R s T DART S ) (R B A B 2 . 7R 45 VMR
(R IE SR IE S B LioMnOs 271 LipO FIfEH, F 5 FE AT AR IR
Li,MnO, - MnO, +Li,0(45~ 4.8 V) (9)
o
Li,MnO; <> Li, MnO, +(2—-x)Li* +1/20, +(2-x)e (10)

AR L0 FA it AR AR e U R T Ok AR ORI i R, (ERZRN LR AN AT,
PrA st T2 T LRM 5 R 75 B A 40 5k DURAIR T (K 3EAE 23 [86]
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Figure 7. Transition from lamellar phase to spinel phase [97]
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Figure 9. Dynamic process and piezoelectric scheme of LiTaO5; modified layer in charge and discharge cycle [111]
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