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Abstract

With the rapid development of advanced portable electronic products, electric vehicles, power
grid energy storage systems and aerospace technology, the inherent limitations of traditional
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lithium ion battery limit their further application in the face of huge energy demand in the future.
Metallic lithium has always been considered as the “Holy Grail” anode material for the high-spe-
cific-energy rechargeable battery due to the high specific capacity (3861 mA-h-g-1), the lowest
electrochemical potential (-3.04 V vs. the standard hydrogen electrode), and the lower density
(0.534 g-cm-3). Unfortunately, the inherent problems of lithium metal anodes restraint their prac-
tical application for decades, mainly including short circuits caused by the formation of lithium
dendrites, open circuits caused by infinite volume changes during cycling, and unstable solid-
electrolyte interphase (SEI) layer resulting in performance degradation and low efficiency. More
seriously, in the actual working process of the battery, these problems, which are closely related
with lithium metal anode interfaces, will interweave and affect each other, resulting in further
deterioration of the performance of battery. Herein, the design and research progress of lithium
metal anode protection are summarized in detail in this paper.
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1. 3]

REVE A NSRBI, BRI R RO M S B HEs 8 NSO Rr Sk R sy, HIE R
DA 2 — P E BRI REVR MG A7 L, TEAL ST BIERT T L RAE, Hifakaibhinics
8 1000 12,3570, F| 2027 TR Rk 1354.3 123570, BIHAT NIE, CF JLMT] 78 B b R ST K H
Tl iy, g et EOE R Rl R R B E A it R S L (LIBS) [1] [2]
[3] [4]. mviid (s e, KAFMBTIRE&, BINAE, MaSHURFIRERE f N S s REFEROR I N PRE R R
B, XA AR TR IR T MR, N AENFGEAEEE, Ran R
7 MRS H AT RS E IR, HOA I EXNMERETIS, (HRFDNHNTER R REE, W HE
= ERAW AR B SN, CFE AT RE, BRI, ARV, RIS, BT HEIbRRIREE
OB IR, AR T IR AR KT, S LU L AR 255 REVR A7 1 75 3R [5] [6]
[7].

18 BUXFE LI R F B — AN R, EHRIE S AR, BB RN O] B R &
HAZM, DA, TiREIRE LiCoO,, EH#isk#H & LIMO, (M = Ni, Co, Mn, %), &R
i1 LIMyMn,O4 (M = Ni, Cu, Cr, V, %), L2 LiFePO, JyIERRER B 1 Hijth, #xE DASI iy
F 250 Wh-kg™ [IBE B [8]. XA G I ER Lt T IEMA RN R RS, ELandia i s B g 25 B (S, 2
WHREN 1675 mA-h-g )4 (O,) IEM 1 B A S IEB 4 B S, #E— D 3R m nl 78 fl B b f B B2 1
[9]o 1HAZ, XA HEM IERA RN 20 & B0 SR AT R LG A REF N SERR 8 FH[10]. DRI, B4 @ (L)
KB S A Oy IEM B ERAR Gutledr b, [ 19 thg 70 E4%, #1148 Hib(LMBs)EAE LUK, — BN
fEREA) “EM 7, NS B A 2 R (3861 mAh-g ™). SAKM HL AL %4 (=3.04 V HIXHFARUES
FEBR) RIS /N AR 25 F55.(0.534 g-em™), 5 BIL/E ARG B8 1 R BL, 48 4 J8 Wl L B A 1 ST R B[] [12]
[13] [14].
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2. BERORER

B4 R A R LA AR I FR AL S R A AN 3R A B — B R S BB I kL. (HE, &
JE B AR R ) SR SZ ) TV 2 i, ] 1 s, AT RAREE R BUR L LA a4 PUAR 1 R B &6 1 A2
K, M&EEAmEM IS ER B R A BRI R, DAAGESE I EI R B 3 BU 8 2
PR DT S T (SEN AR i, X e 5] R AR SRR AR E s JF HOX SRR R A B2 98 BAH S, {5
PR 4 8 FVB M e IO T AR AE BRI 22 B it . B LB AR P T I P X 28 R PR, 1 26 7R 2 T X
A ) 0 ) 7 A AR AT ARAT T 2 ) A LR &R

1) A% P A R R R B

B A A I — B AR AR ) — OB Bk . SEBR b, BT AE SR B b A L, JUH
FEAE R HR FUTRRR o ARG AT HRE, I8 R AT IS0 AR 4 i F it ) e iR B R, AL BB H T —
ANTT DA R 0 A% AR K I L AL - 7E H B i R v, 7 F I 2 T P R AV VR PP AP A E PR S T IR BE R
T LR AL SR FH T8 SR R OO 5 R RS W B8 IR FE A8k, J7 A2 40 R [15] [16] [17]:

oC Ju,

g(x) - ED(,ua u ) 1)

I RAHRI L, D XU BUREG e R, ua M p BT LITFIER R, W
dC/dx < 2C,/L (L 1 CoZ3 7 A A FAR R B FIBIAGIR L), SORAL I B IR FE R R IRES , IR BB AN
Fr EALEAA . RSN T, Lt siiil. —HB dC/dx<2C, /L, WE 1w, HRETHET
W T RERIE, BARZMSAE “Sand’s time” B ¢ I 53

2
e’C2 (e, + 1 .
7,'=7Z'D—0( az — ) )
43%
t,~1-t =t )
Hy + 1

ta Mt AR 7 LR IE RS 5, RWIE, dC/dx 54 BB # B IR L o £ K WL it o
DU, BT LTS RIS FEAT N, G i 2 e s, X &7k 7 — MRS
BT RGRREE, HFLATE TR T SRR K (v =, B ), SR, ENHY, o NERECERITIRE K
(RIS 8] o AZ AR DY 4 I BE ST BEE 1 MRS SRR, IF AR AR B R A B e b U B TR RS
NETRIRZIH TAE[18] [19]. WA 1(b)Fos, #PTRER — PP diE, Wi RN2EEKEA & T
SHIRAFR, B R BEIR AT A o o AR AN [RISORR R R TT FD R T i R Y, e 1 P L T
LSRRI IR T . DRI, 0K SR < P £ R FRLUARE T S O v 2 T W I Rk
e JIAN, B BUZ BT S ST A RO H, X — R E A T X “Sand’s capacity”
(Cang = ITqang )o ZHLIXAMIGFE, KRBT T IE 2 FLIR I S BORM A H, X 45 R R
T A SR BRI, b PERE & T . SR, IX RN AR I AR R R PR,
FEREELN, B REESTRAMMEIE20] [21] [22]. M4k, 5RIEFHE K GARAHLL, BRRES T
PRCR R ORI HARTAR, X REIN 1 B SRR A AT RE PR . IR E] R M A S TE AR R, (A
It AR, R EAT G . I, 25— S R AR i 5 AR S R, 2R B K
WOk A aiHy, ROV S S P= 2 %, 2 BOARJEOR BB I e e fid o IXSEPBZR (OB S iR 7 1
FEARTIE ) “FEAR” , FHUSMEDR RS [23] [24] (B 1(d)). LA b il g £ I 4 PR PRV 1) PR 0K
(CE)FITE A 75 fir o
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Figure 1. (a) Classical mathematical model for time-dependentlithium deposition. It is observed
that the morphology undergoes a transformation from mossy to dendritic near “Sand’s time”
[15]; (b) Voltage responses of capillary cells at various deposition current-densities (inset:
representative opticalimages of lithium deposits) are in accordance with the previous mathematical
model; (c) SEI model dealing with the effect of mechanical properties of the SEI layer on
lithium deposition behavior. Once a pinhole forms inside thebrittle SEI layer, lithium deposition
will be locally enhanced, followed by dendrite nucleation and growth [25]; (d) Dead-lithium
formation. During dissolution,some of the active lithium particles underneath lose electrons and
dissolute into the electrolytes, leading to detachment of lithium whiskers above; (¢) Anode
pulverization owing to the fast inward movement of the interface between deadlithium and
active lithium

1. (a) SATEMHEXETIRME B FEE. WEE], &£ “Sand’s time” Fifg, HF
D&% THEEREWNERAGEE[LS]); () EABEERMEREIMAERZE THBEENR
R(HEE: EAREMRENFEEE), SATHNBFREEYE; (o) SEI BHAFEMY
BEXTSRAT AR MAIREL . — Btk SEI BREFKRETTL, SEMRSFHIRLE, b
ER A RABARANEK[25]; (d) JESBRISAR. TEM—LLEMBAER FHIARERE
MR, SBEmRRSREE TR IESE[23]. (¢) FEEBREMEZ BN A EAEIEA
FEidtE, SBARERLHNT

2) AR R RSE K SEI

KNGV RE A FEI ) S MR B 2 — o (RN s 1, &8 B LF mT LAS e s i R A
N, BT DA G R FE A DAL R K IAIE IR AR e i . MR ER N &R S B R i, SRR AR
HIE 5 S Ri[25]. SEI 2T 1979 4E4 Peled 744 [26], Je 7680 4 Ja A7 R eEL ARV 55 T I 17 2 RREA B, 7 44 25
JZ[27], B AT 1 ANV RS > AT PEIE TR P2 . SEI 1 B AR AL 22 By ML BRSO S g, (HE
TSR AL, SAR TN EEA Li,0, LigN, LiF, LiOH, I Li,COs; K H HARFR KA HL
W5 FEEA: ROCO,LI, ROLi, 1 RCOO,Li, HH' R & 5HEFIHRMANIEHR[28] [29]. SEI ZHEFE
MILENUE NGRS, S Rb 2 ath. BRETERIERFarie s B EEMMEM . 1RIE Peled 21
SEIMERY, — JREk — ik 4 @ (B0 1= 4 @) e it 2E SR /K AR R, R TE SELAEAE B L T A BR IEH TAE,
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DRI A Fob AN P 11 S 1D J2 AT AR LR 58 IR A sl k. R, BRARE SEI ZREA T4, RIFH
B MU R FRLR O A AR R DL SR IR R R AR E M. HUR, s SEL E, R
TE R IR A SEl 2, R 2T R, MELUAR] FIRBANER, HAUGRE %, BN
JIER T IRSS 5 240w, FEAE e ramy, LitH R RIS AR, SEI PRIAFEE 23k — 20 %Ak [30]. —
H SEI 2042, 2T 0B 484 e it 2 BB R B 7 AR, IS A 2 O AR B TTRR IR e 28
JEREES T IAIR L “H T YL, JRTEMIT AR, AU AL . RIGTER A AN LR IE DL, SEI
B REMWE. B, XSRS R M AR . EREER S, SEl BEIAKT A S S
fRUMRFEIS, R rIb NP . Wl L(c)Fm. FrLL, 4ERF SEI EMse BRI mrE, LUgiz)s
38 R P B 4 S DU S A LTI

3) TG PR AR AR AR A A it B %

FL I T B (R B R S A A, T HLR R B T . RSEPR b, e AR R AR AR R TR R R
PR o XXM R A 3 5 R vy P BELRT AN PR AT BRI %) TG BRAR RR I AT G o PR IR 4 8 2 [
TR B 22 5] S ik 4 S R m ] F%, dnl& 1(e)frs . BRskud, 7tk R SEI JZE 5%,
T T PRV R G RV A B v o FEBE S IR AR, RS KRS A AL, AT LR G
B, RMAE NSRRI SRR, DR, ORI AR I 2 M ERRE,  FEBE A AN SR A A AT
ko ARPEDMERIRGE, 25K, BEEIMNBREE NG, EbA R, SEI ZE R N A
SRR, BT DL E it B 28 T D 2 W T AN S . AN U R T JE RS MR AR, BLIRT VA R
BT LFHRE S o A, B DLERASRL 7 IR AE OO, B350 R S8 118 TR SR A4 521X
SeyE VU, AN SRR TR R A0KE 5 SO AR R T ARSI A 2 B, AR AR AR b T % S — R
) [31]

DA b i =2 ) i H AR 4 BT T I ) 1 2 BBk R, LA — AN AR ME AR o 7 SEBR PRI I AR R,
X o] 22 A8 G E AR, AR BLE— 0 A . BT DL R AR SRR, FRATTRT DAHE T G 2R A o 4
UURUAT A, SEl JZITERE, SN AR FRAZ A v] DA 252 = B 40 i iy 2 e e Ak 2 R e 1. —
R, BSEEFEE . HEVURNIMER R 728 SEI B BAAHEAARYZ A R SE A2 i
MANE S ) A2 HATCAIE, S L HERIRFF, 50N AR SO X — 7 THEUS T 172 4 A\ ED
FIRZI B K Bk«

3. EERHMMFARIR

LR, BEE DRI ANFRAE B 7 Vs e R g, W7 N OB R R R BSRIR N . T
e AR R AR AR E M, TR BT T V2 SO LR AT AR A e, MR SR AR B B ST DL K
HARISE, FEE B NE A AN, EARERIL, BRI, TR AR S SR
R EE[32]

31 ERBEESRARIKIT

— I A R E S E IS SRR (LM, M =Si, Ge, Sn, Al Z8) £k F kAR B 4l #1951 A 97
MR BEEARENERAR, Sk 4200 mAhgt, S RA BN LB a) DLENE 4.4 (LS, X %
BN 4.4), FTUVRES S AE NSRBI T 72 RIBE 7 124 ER[33] . Hagen 25 A [3418 i 7 AL ikt
KERRES, K LiGSi 1A B SA) o 33X — St T DA R Ve i AR K i B, 7 200 B RO 20 39T
B SR BRSO TR e SRT,  HH T LiSi FAR B0 B AR AT ey T4 R A dle,  PRIRAE A LiSi AR bl i 2R
i L A P~ 23 el b A T B 7 0% o 2 2% 1 et o [R) R B S A S vl 2 H B . Zhou 55 A\ [36]
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G T, R A B IR YRR #1115 Li,Si By R, Bl 5 200 AR 4l B4 AR I i 47
Weo BE—URIEH R B T ZR7E 2.38 V B ISP 65, BRAli B Al i A s SO B0 S 6 B, A, X Fh
BT BE 2 S I RE B IR AR T LIS 678 Whekg ?, HUAB S M B TN RE B T 15 2 . A fiik4n
24 (LigAly) 44 FH -4 2 A< H b SRR I BE R 1 2235 mA h g L 975 i ER LigAly 2 41l i 1 b a8 1T LA
570 L AE PR 2 (B B FRLR (AT BRAR N, SRR ALEE, RORTEIX P& & itk B2 A2 SEI AR e s, W]
DAZRfif S S B s SN O R B Tk [36]
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Figure 2. In operando X-ray tomography characterization of Li-Al symmetrical batteries:
the electrochemical curve is shown on the left and morphological changes on the
right [37]

2. {BIENMREMARA X SHEETRERIE: ZEABLFE, AER
TR SR L[37]

AR, N1 A TGS KRR EE R, BN SR R AL X 2T Z R HoR B JE 7R T
BRER A 4 T IR AT N [37], 1 2 JBOR T HRAR A A (Li-A XS FR FE S — Y B LA FE e AT TR 3R
MBhAS A . EBRAEEIART, BRA S SR B S E - . TR 5 s R IR ik, *
R T 46 B (R W L = o), FRBl S AL S BRI AR K, SRR L. thAh, gkt
kAR, PIANBREI SRR LA MR A BRI B . Bk R, HEE SN — R
FEZIE R . BARKR G &5E A e B AR BT 1R EE 5% B3 & il A e e A B3RS, (H'E
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IREIHRMA AR . S5, SR ARAPRAE S R AR & H LS A R SRR R AR AR AL, X
T Eh 2 SR EARIOHUMOR L, ERERRE AR, GRENGar. bT ISV RXMELERR KA
Pz, AR OR P E <8 RS IO SN T E SE AT 45 By G B P P 2R

3.2. BEEHBREaL
a

Cu(NO),

) PR
22 | é > A
s ‘ Filtration /Y
. . DS X
."5: ‘ ﬂ N : § )
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Figure 3. (a) Schematic illustration of the fabrication of LiF-Li-Cu composite anodes [47]; (b) The structure evolution from
Cuzn alloy to 3D porous CuZn, and finally to Li/CuZn composite [48]; (c) Schematic diagram of the synthetic procedure of
LZNF [49]; (d) Schematic illustration of the fabrication procedures of the hierarchical N-doped CNTs/Ni Foam scaffold
(denoted as NCNT/NF) [50]

[E 3. (a) =4 LiF-Li-Cu E& 5 REIRREE47]; (b) CuZn EE&ETAZH ST Cuzn, BIFETH LilCuzn E4#
KIREE[48]; (c) ZnO ALEHY 3D EFRKARITZRERE[49]; (d) N BIRRGKE /R A IEL(FR NCNT/NF)RYHI &
IR EE[50]

3 PRI <5 s bR ] A ] L SRS 2 AR P = 2 45 K40 (3D) 22 FLAR IR (A Shd 7 48 r /R 1 ik A e
ToRAARRARA . AATTE Iy, JCH 7 P A 7 A ) R IRDR SR i PR TR R A AT 3 B S, I
P PRI B B2 AT LS BORE T 24 S ORI AR A8 ORI RE , T e B0 R IR B 2 S O 224 [38] . TR
I KR LU R IR, B AR 20 i B R BB 0L T, WO R Tt RE FE 20 s/ . A,
2 FL R AR P T L  w] DA 35 PR L 86 P [39] « AR, FRARVR 5 H AT ] A T AR DK mT LA ) A
B, G NI, ARSI A R TR R i [40]. 3D £ L B ALK, 4 Cu [41], Ni [42],
Ti [43)55 AR E A& N THEENERE, PAREEREHEFE, FHIER, BAHRErtir. HE,
R =G R IR R o, TR AR Cuy Ni Ti BSREEIERLSS, T BAEM R
Feo N TRRVER—REEVE AR, AN GRS AT, oK SNSRI IR 2 SR IR X 2 4 R
Rt BIHATNIE, ZRPPRRERESRAELE, Wi GeR Mgk 2 fL[44], SIS %
M =2Eg K 2 FL[45], BAXALERIN 3D HERFIR[46]55 S #pT A M T8 Fitl. 9K fL3RIm
RO T KERPORHE TGRS, ATA 28R = 4E BAEZASR Li P, Wl 3@@)Pn[47]. f£=4ismk
R R EARL, TR E BB, £ S AN B SR B W 18 i B A A AL S PR RE (4 5 — il R
ik 3()F(C)Fizn, RIIEARMEEE, Zn, Sn, CuO Fl ZnO M H B HIF 5 4 o M B B 102 SN il 46
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AL A B HER)Z A (48] [49]. IR AR AL & 6 B W e T2 e AR A s E ML B, E A 28 R
mfE . BAh, TS SR AREK R T SRR S, B VRS S R R it
THSITEARAL R, 15 EE 4 8 w] LI S UURRE 3D 4@ AESE . 7E 3D SRR ik w] DU H & iR B
B R TS AR [50], BUOMHAFAESRIE, WL T MBGs AER AN, [RIAE AT DLA 2 5] S 55T
A BB A KR H (A 3(d)).

33 EERABRFEMML

SEI EEH S T b s ECEEIEN, SiE i YRR K S R AR T 2 IR B, PR
THNUEMR R & . W R AR v LUE SAe e 1 SEL RN AL [ S R o 58 RERN
AT DA SRR i F It Y R B AR R 2 B O TR SEN HUEA UG, AATTT Iz MR SR T AL SRR
Jt SEI MR B, AL MERER S BALEE, XA FF SEI it Atk . SR, 7E4E 48 s ith s 2R
TR AR AR B P2 R R TS FRARFR AR AL A SEN EASWTRG R, K fef (48 4 8 8 3 7R VLA FEL R o
SRIG P A B 2 1) SELEFSTIX — 1) 8, AATIFGR) 2B 78 N L SELZE A SRR -4 2 kA0 J5 4= SEl.
BI5) . mE TS RN T B RYT Z M A 2 —Fh A 08 2 B 4 e S AN PR A KR TG B
AL 1 75 [51].

HOIRHT TR, SEI MNTER S — B A b B AR . AR — SRR W 2 2
EYEFEEREN SEI E XS SE PRI L SEBL SEI AT RS ORI 4 SR 2 0 H B ([52]. AR
Yt AL A E LiF FIFE LiNO, 19 SEL, LiF 1 LiN,Oy & 25 2 0F 50 4 45 M e AR IR A6 4F T
AR & 8 TR E, BRI T S AT RS R E S AT SEI 2 (FN-SEN)IX — FTH Bt 5
W& . fn & 4(@) T, HIE EE LiNigsCooMng 30,(NCM523) IE# (4.4 mA-h-cm™2), &8 ¥ 4 4> J& 17 %2 (33
um), ZEHLMAEW(6.1 g-Ah 2L LE 1) LIINCM523 Hiit. FN-SEI 4143 BL LiF. LiN Oy~ Li,O NEHIIE
i dn IS Y, HEE AR ATEW, ARG SRR S Pd . R, FN-SEIL B 7E S AL LiINCM523
L P BE RS 7E 150 VRO IR 5 10 728 S (R B 0N 83%, 1M JRL A SEN A4 B HL ith [F)RE ) 28 B (R 3 8 L RE 4 1
4 JE| (5] 4(b)). 75> % &3 SEI HUMGBREE . BB T 9 Bk S ML i3 SR 2=, Li 58 A [531%0 T —
Foft B = LA 8 FEE 17 MInO, 442K i R iy 85 1 HL 3 30 1) SR A4 L e (PEO) B &1 B N L SEI, s i o
FEE A(c). T Xu 58 A [54T5 58 (3 &M - NI M) (PVDF-HFP)FI LiF fi+ & HRA H #% A T
L E (APL) R & 8 Tutl, Wil 4(d)Fror, @I B APL R 1 LilLFP 4 Hiith CE /&, HGEH
i A Al S F i A I 2.5 i .

KSR, SEI FIAATEAE AR 1 DU 72 52 A AN IR T HoAh 4 )& (4 Cu, Cr, Fe, Au, Ag)7EHHE Tk
(ISR, T LA SEI A& A 1 45 4 P2 AZ AURR AN 1T B8 ELAR AT AT S 0 — K oems .

3.4. Bf#R

S8 S S A 22 FLAR IR FE B e < R R 1 22 A VR RV A A i 7 T AR T EUR R, (ESEEL
o P 2 (>99.2%) MG 31 77 i (>1000 R A ) 8 <52 Ja A7 R A3 T s A LR A Bk b oy 17 i — 20 R e
e A TERE, BT IUN RAE A LR AR R T TN T ORI 7, BN AN Bt A T
BRI R B ER 73, 10 HLAEEE & & i b i X SEI JZ MR il % 2 X s B /R . SEN b A AR VA 0 i
PR, PRI R ARV P B RS B R E T SELZ TR RE . Ty 1 DS B < R B O UK S ) P
R, HWARER SEI ERMATI /. — R MIEE K SEL 2 A B THL I SR, JRsge s
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Figure 4. (a) Comparison between practical and mild conditions in a coin cell; (b) Cycling performance of LijNCM523 full
cells with different SEls at 0.4 C after two cycles at 0.1 C [52]; (c) Scheme of the artificial SEI composed of a PEO/LiTFSI/MnO,
[53]; (d) Schematic diagram of Li deposition behavior with APL which is conformal and mechanically strong to prevent Li
dendrite growth [54]

4. (a) SEFRFHALEFFM THRXEMAELE; (b)) EBRER SEI EHY LINCM523 £t 0.1 C (1 C = 280
mA-g ORI ERZE TEIRARBIETE 0.4 C AR ILFMAELLE52]; (c) B PEO/LITFSI/MnO, ARk SEI R EE[53];
(d) APL X84 M K B BRSEMHEIIHIER M R EE [54]
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TETESR, X TCAE 2 AR S e RE LR I 5 . BbAh, HRE R AR EITE ST Bkt SEI BLEE 1) 2R IS
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Figure 5. (a) Cryo-EM image and schematic of a typical Li metal dendrite formed in EC/DEC electrolyte; (b) Cryo-EM image
and schematic of a typicalLi metal dendrite formed in EC/DEC electrolyte with 10 vol% FEC additive [55]; (c) Polarization
profiles for Li plating/stripping in 1 m LiPFs FEC/FEMC/HFE at different current densities; (d) Li plating/stripping Coulombic
efficiency in differentelectrolytes at 0.2 mA-cm 2. Capacity: 1 mA-h-cm 2 [56]; (e) Cycling stability of Li|[LCP cells using
FEC/DMC and 1 m LiPFs FEC/FEMC/HFE electrolyte whencycled at 1C; (f) Design scheme and molecular structures of three
liquids studiedin this work; (g) Li metal full battery performance (50 um Li) at room temperature [57]

5. (a) EC/DEC TR MAVER Li € BRANSFEFENREF/REE; (b) E5MT 10 vol% FEC By
EC/DEC kPR MR Li K ENKIEHR T RHERIGMREE(S5]; () 7 1 M LiPFs FEC/FEMC/HFE BLfF &R
FIERZE T NARIE Li BIRILERE; (d) ERRIBIER&ES 0.2 mA-cm2 JELEZEM 1 mAhcm2 B ET L
AR SRS TIE[56]; (e) LIILCP Bith{F M 1 M LiPFg FEC/DMC #1 1 M LiPFg FEC/FEMC/HFE H iR BRI 2
EM; () ZMEFINOT A RMD FEARER; (9 ZRT Li EBEEMATELZFMEEESO um Li) [57]
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Figure 6. (a) Schematic diagrams showing the Li plating process in the electrolyte with AICI; additive; (b) Coulombic effi-
ciency comparison of Li plating/stripping process in 1.0 m LiPF6 (EC/DMC/DEC) electrolytes with and without AICI3 addi-
tive [59]; (c) Ex situ SEI construction on the Li plate by electrochemical methodsin 1.0 m LiTFSI-DOL/DME electrolyte
with 0.020 m Li,S5-5.0 wt% LiNO; hybrid additives and its applications in Li-S and Li-NCM batteries [59]; (d) Schematic
diagram of the SEI formation process and Li deposition in spontaneously formedand SiCl, cross-linked SEI; (e) Proposed
chemical reaction scheme illustrating the SEI formation process and Li deposition in spontaneously formedand SiCl,
cross-linked SEI; (f) Voltage response from 1/3 h discharge and 1/3 h charge cycles at 3 mA-cm™2. The insets are zoomed-in

segments of thevoltage profiles [61]

6. (a) IT AICI; BB BRI BRI 2/ REE; (b) 1 M LiPFs EC/DMC/DEC E R B FIEH AICI; RINFIATEE
EE /R B R CE MEAERYELAR[59]; () 1 M LiTFSI DOL/DME ELfZi&R =37/ 0.02 M Li,Ss-5.0 wt% LiNO3 3B &5 B

F Li-S 71 Li-NCM R B AR B FRAMME SEl B[59]; (d) BAFBBIFARMT SiCl, 32

b i

SEI REE U RSETIREE; (e) SiCl, EAR KA AMAT SEI B FITIRFEEE; () £ 3 mAcm?BREET 1/3h

TREE 1/3 h FEER RIRR R AR R £k [E] [61]

DOI: 10.12677/nat.2021.113020

176

AREAR


https://doi.org/10.12677/nat.2021.113020

Test &%

THL S E T LiJLi P L i REAS E IR 2A5 500 [l 131 6(F) s, Ha e 5 ] 14 55 2% e B B A A A SU1A7m
W, B ARIRRELEREAR € O Fe s, SR BT SEN R Ao B 4 R A IR m AR ek P LA,
I v BT R LR & SEN R GRGH R RT LA S i SAI A SO R

3.5. ESEBER

Bk T E A AT P A St b, A5 D 1] 2 LA S (SSES) th A2 fift R 2 4 J& 61 b [ A ) R 7 — el 4T
HEmG . SSEs — Mt H A B i IR ML B AN e 1) LiTiE A2 2, B DARE WS BB A A A2 K (] SSEs 11
P U T DA G A5 FH VA H AR VR N A AE I — 2022 4 ) R, A R . AR R E I 22 . IS IR EE .
AL, n AR AR AR B S A H IR R A PR TR TR AR (2 A, O ) BT 1R R 2R AR R ) R A A
FEAREGL . N T ORUEE S I AL R, IS WU T AR A DUR LA R LS, K
B LCT AR R, SR MR A, RV RINUMGREE, SRR AL A A, DR T HL A IR
(R TN 5 7 = I 17, S e S S N i e N i v e s b e LN T R N P et 7/ R N
PN

1) ToHLIE 2 i fig o

A AR Hh R FH PR G ATL ] 4 P AR 5T A bR K T 7 TR B AR A R e LA D AT E S A R EATTR
BTy =2 FULY IR A R AR AN e A R T . BT, RS I SSEs ALFE LR L
B, 4l 7(a-c) o, MR TS (NASICON-type): LivyAlyGey(POs)s(LAGP) [62], LijAlyTisy(PO4)s(LATP)
[63], F1 LiysAlgsTiy 7SixPs@ 08012 [63]s At A% (Garnet-type): LisLasZr,0:,(LLZO) [64]F]
LigslasZri4TageO01,(LLZTO) [65]; 4G4kH 7 (Perovskite-type): LisLays «TiOs(LLTO) [66], LISICON %Y.
Li;4Zn(GeO,),, HEEEALYI(LIPON) [67], XLixS-(1 — X)P,Ss [68], XLi,S-(1 — X)SiS, [69], LijoGeP,S;, [70],
Lis7PS47Cli5 [71], Lig:xM,Sby,SsI(M = Si, Ge, Sn) [72], LizOCI[73], LisYls[74], LiysErgsZrosCls [75], Al
LigInClg [76] .

FBARIX LIRS AR IS 1 Bk, (HIX S s R 0T 1A 25 7 5 H R AKX 1) S T He BH 25
BRI R TR R . O T v X SRR B, BN D SR L LU R . b n R Bk

00 e
wWoUOr,

NASICON type Garent type Perovskite type

Figure 7. Schematic structures of (a) NASICON type [62], (b) garnet type [64], and (c) perovskite type.
NASICON-type materials generally have the LiB,(PO,); formula [66], where the B site is occupied by Ge, Zr,
or Ti. Garnet-typematerials generally have the Li;B,C30, formula; here, Li* is an eight-coordination cation,
B is a four-coordinationcation, and C is a six-coordination cation. In perovskite-type structures, Li and La
occupy the A sites and Ti occupies the B sites
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