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Fig. 1 Adverse effects of dendrite growth (Reprinted with
permission from Ref.[8]; Copyright (2023) MDPI).
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Fig. 2 Schematic illustration of ionic transport regulation
process for cells using CS@TiO,@PE and separators
(Reprinted with permission from Ref.[24]; Copyright (2024)
Wiley-VCH).
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nitride, AIN)ZH K28, R 32 2% 3 K AIN 44K
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Fig. 3 Schematic diagram of lithium deposition behavior: (a) PP diaphragm; (b) AIN-nanowire-PP composite separator;

Electrochemical performances of symmetric Li||Li cells with AIN NW-PP or PP separator at different conditions: (¢) 3 mA-cm™,
3 mAh-ecm?; (d) 20 mA-cm, 3 mAh-cm™; (¢) 50 mA-cm™, 25 mAh-cm2; (f) 80 mA-cm~2, 80 mAh-cm=? (Reprinted with

permission from Ref.[29]; Copyright (2022) Wiley-VCH).
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bR A SR A A O, T A EH LisN
I Li-Mg [F ¥ AR e IR & B TR T4 52,
WG TEAIL I 3 A A R 1B/ VR AR A 5 T )
N, R EE) T S L Lite i@ g, HET
B4 8 R T S IE AT L B TR Th e R R
Li||LiNig¢C09,Mng,0, HL It 7E 0.5 C 5 Z K 75 3
600 7%, 3AIHEAE 129 mAh-g ! AT I A B, &
EIRFFRIE 75.9%. 1% T e B B 0 ) 4% F L 4%
RAF R i S st s e A i, AE KR
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i AV R R B LMBs $2 43t 1T A
RITRGRIENLIE.

FE UM R I b A IR = ek
#j(stannic oxide, Sn,0), AJ LATE HLAL =G R I 2
th 55 # BH A S T B PR < S B <8 R0 LibO TR
B Z . LiO W] ME N B TR 1) R A4k, 1
LisN 185 7 B 5 % & T LiO. 5 T t, Ma %502
Bt 7 BEA Z A (indium nitride, InN) 7 2 1724
PERRIRE, e ] DL7E AR A /) 2 0 A2 rh AL B Ak
N Li-In &4 M1 LN B iR & et = . Hor,
Li-In 5 4175 S B S e AR 4G, By L e 4t )
7y LisN P47 1 2 O AR/ 5 5 T 4 88 1 03
A, AR T B S B AR P AR R P R 4
FIF, LMBsPERENI B4 5, 42 LijlCu H
ith R I B I 97% 1 CE, A 2 € 16 3 i
200 FE, HICHEIRFHLA s Li||lLi X FR B b 7E
1 mA-em™? B % FE T Al SEEACI 600 h 1R E 6
W, Hid A e B R ) et A A
AR T, B RPN L 2N
P, ATIE T ORRUEE s i % T2
2.3 HEIER BN E B ARSI R R

% J& A HIHEZE#1 Bl (metal organic frameworks,
MOFs) & — K 148 B 1 2 i@ 7% 54 LIS il
O NATSERATII N ESINLYLN P S Py AT
G HLE R T SRR E M S HLEC AR 0 w1,
TR AT & LA e M) Bt PR = 4E M 2% . 50
LKA RIAE EL, MOFs R H i (1) 22 FL.&5 #4 A
DieeRett, T3 R A 5 1) PR AP0 VM T DR B

(a) ZIF-90@PP
A
- (b)

0.10

RE71, BT Lirftis S M s, 1
LMBs F 5 5 & i A AR K A TIT
Fo A MR PESEMERINUGRE . HIH) 2 8
TERR AL I F . Lyu FE 1 — il K e gy
B5.90 5 41 (ZIF-90) F11 PP 4H 1% (1) 5 4 B i (ZIF-
90@PP), LAEE Li 135 53 PTRR 4 i) LA 1)
A K. 5 TFSIAH HAF A i 5k B S ZIF-90 711l
1Lt A A0 ik [ AT DL a3k X = 5 R e ik 7 I
Jé 2 (lithium bis(trifluoromethyl)sulfonyl)azanide,
LiTFSDARES, BERCE 2 1 Lit, MImjkiz kR
T 3 25 ) HEL A RS2, 0 L ) A% i . ZIF-90
e S5 P H AT P AN S S 5 T IO P PR TR
BEeS, HAFmgeKiEE RS THE e
L, i Lit 20 A 58 035 5] (K 4(a)). AUt
Z ) RE R A % Li||Li B, 7F 2 mA-cm™2 R 5K
LT R 780 h K B R E B EE TR/ B A R
(K 4(b)); ZHA3EM Li|[LFP Hijth, 7£0.5 C&H4T,
TEIR 300 K5 1SR ARHF 98.67% 1) CE 5 71.22% )
BRARRE, RIWHRR SRR S KT
SEPE . LinZE0405@ 1 ] MOF [R# £ 4 8 A £h
(POM )T 4% 45 b fist . POM 38 5 4 Ha HE e PR 1)
TIHE T E RSB EAT Lt sE R 7
et 7 MOF g4l K@ 18 N 1) Litfe iz . k4, MOF
A 2R R T POM % S0 B R 1L . 2L T
AR, Af A SR A R 1 UTO66 SKAZ 11 PP
b i (2 78 N PW,,@UIO66-PP), H7E =I5 T Y
Lit B 5 % 5k 0.78 mS-em™!, LitiT # ¥ & ik
0.75. % MRS I B A R I #AGR e, £E 150 °C

.05

e & °
13
[ ] 9
£ Li anode

Voltage (V)

~———PP
—— ZIF-90@PP

2mA em?, 2 mAh em?

e Li*
@ TFSI”
L zIr-90

200 300

400
Time (h)

Fig. 4 (a) Schematic illustration of the effect of ZIF-90 on the LMBs; (b) Cyclic performance of Li||Li symmetric cells based
on PP and ZIF-90@PP separators at a current density of 2 mA-cm= (Reprinted with permission from Ref.[33]; Copyright
(2024) MDPI).



1880 [T

R 2025 4F

R R AR RIS . 1555 T DU G Lt A
YISTRBTAR A P I A2 I S 4 258 1) L L %
PR AT AR SE PG IAHEL 1000 h. BhAh, ok
JRPLH 57 AR B 7 it R RE RO, %
4 Ah [fJ LiNiysCoo Mng ;0, (NCM811)|| 47 52 (C) #X
AL HHIER TIX— 5, 1E1/3 CER FEH 350
JEAIRRE 97% A/, R 1 oSO B i S5 B B
FHIE 77 .
2.4 EAHDHIEE B H TR bR IR

B T A B AL K MOF e B I 41
WEFEN SOEARZR T HARSE AR TR T 2otk
BRAR, DAL AR . Li SRR —Fh 4
J& Mg 1 % DY % £ % (polytetrafluoroethylene,
PTFE)#} K & AL B (magnesium fluoride, MgF,)/
AR E A MR 7, %R A6 R ek
PP [ JI5 J5 B T LMBs 1, #9557 LMBs [ 7%
e . TR AL B 5 M B A C T AE R
B/ TR T R B OCE B ER, M
T HaAL 2 B 77 2% 3 OB BT AR 5 1) L TE R R
R, MgF, fLi & A i A7 e b, A Rl Li-Mg
A4 LR & AL (lithium fluoride, LiF)FY SEI
2, TR Rz B B A T R g, e
BEDLTOH SRR S UTAR . 19 a8 Tax sefl o, 22
42 J& 1E MgF,/C@PP R i) %5 ££ 35 ) th i AR . B
A MgF,/C@PP  Li||Li % #% LB/ 1 mA-cm2 Al
2 mAh-cm2F, 7E2800 h A5 A 5 1) 4% 4/
RIS ERE . HE AR, 415 Li||LFP 4 Hijth
FA 3.6 MR AU/IELL(N/P), 761 C FIEH 1400 1K
Je s UBIRFF 82.7% M7 fE R FF 2 . Han S5P0IH)
TS ERIRERE, IR R
H SR A R, A S 2 AT B B AN S
DURVRIHT AL T ™ A2 R R A, AT 5K
I RS AN 3 5] BB T AR L A8 A% St PP BRI 1
LMBs, CE 2 285k 22 60%, 1M Mt A 58 1 iR
JZ B B AT SRR 8205 P8 B CE /5 95%. {E197%
B, AW LIL X FREM, 71 mA-cm™
HEL VA5 RSB T 1200 h AR TR/ S
Ry WA LiINCM811 4s B, N/P 454 3.3,
E02 CRERE NRIVH RS MR B LA &
(193 mAh-g™), 23t 40 NG IR J5 5 R FF 94% 1
R, MK PP R 5 % 18 H i 2 B AR
FRFRAUN 48.3%. %M 7T s 1 2R AL &g 51 R
TR 2R R SRR SRS, DA IR AR 5

th, X N PERE LMBs 4 4@ PRI SR g $E it 1
B L TR HE L Y ST LD, Liang
EOTIFR T —Fh D) ReAL g E(PAW), B0 R] LA [R] i
] € P & IR D B ik, riE R AER
L [T 4% £ (attapulgite, ATP)ZH K A% A1 5 HL =44
b5 (tungsten trioxide, WO5)ER 2 R K B0k (VR &
VIURTE SRR IR PR . 526 o B L i o s B A B vy
LR PTE LR, 256 A CHLGN KRR 1)
PR, PR AR R 1 D AR E TS B B R
. BEEN G, RAIRZER I S L
TE IR B ATP £2 2% b BB+ 9F o i Lit ok @
i, P> IR WO, AL Lit i v R A
[F, SRR EL, 52 0B TR
G, AT B IR BH AR R B A A . R,
55 Th e B B 2H %5 ) Li||Li L fh7E 2 mA-cm2 R &
B 800 h (1 /= B e B4/ R 25, Li||LFP HEyth7E
5 C MEH 1000 K 5 52 30 H AL S5 B9 B A e
P, BERFFENT4%.

3 MFEREERNESHEES
L

AR GEIITCH IR} S A 400 ) B AR i A
IR —ERCR, BT i 2 Pk
BN, FaeciR = ERE ST R R A FARE E P AT FELIA
PE, B A e TR T S0 T REAR i 12 e
Bz, AT BR 1 7 A S B N R AT S L Bk
B, B> TN SOk R RS 25 A% PR S i
A PETT HAFAEAN AL, AT BESZ M HL it 1 B AR
ft. REVIE G E LI M RPE. T
TG EERN A, A RER TR AR 4R 5 1
fit. REVRE LSRR L ERETEREYET)
REVER BAHES &, SN Lint# i, #Em
FAA M A5 AR GE /B, [, KRS
Y5 — LM R S, tRER & A ]
B RN RERREE. B, JFAEARE
P2 55 T i 0 L 6 A 00 A BB R A K I e
1. R BE S MEHENUMGREE . 87 S ik,
FARE R TR S T i S U T A B P R AR AL
7 RE 5 R TR A A B A PERE L AL, TR
BT [F) 3R W22 5 T M ) g e 3t
Bdi B R S RERLE], X FOT & ik e LMBs H
AEZES. BT, WHEE R ERNR S
AR EEE T TLUT 6 M7 .
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31 PVDFEESREE

PVDF /& — i {f# % £ /i (vinylidene fluoride,
VDF)¥) 58 VDF 5 Ho At /> 8 5 5 £ 0 B Ak
MILRY . KT 458 B CF,— f CH,— Z T
HE T ELHAM, a8t m s+
PVDF [ 5 48 2ARVRIR, i i R 1B
REEFESMERE T RAERF T, HHAE
[F]—>FTf0 P, 1A o AR PR 9t i Rl 7 e 11 ]
BRI, TR 8 5 % 110 2% 1) 7 i A T B 55 4 P 8 485
MR e, FIL A R e k.

PVDF %= 5 4 i 158 R LA 57 11 Ak 2 1 R A
SEMIAT M, Ok v 4 b [ BT A
In] . PVDF ik 5 & o 58 75 410 1) 21 A 5 AR K 7 T
DL R R, @ 5 N ThRe R A A
gt itt, REE A AR TR R I e A VE R A
73 1y . Huo 55RO H — g it 76 PP R i | ik
BEREGYHMEIT(CPE) M E AR, % HAE)5
LigslasZr, 4Tag 60, (LLZTOﬁ 2R Ml — . L 7N R
W HE(PVDF-HFP)4L %, . oA T i O Lit¥ 23 (AR
FERARL b, AT LARI I CPE 2 3k [ & I & 1 - %
il 12 3l (B S(a)). S50 b 58 4H 25 (1) Li||Cu FEIth,
76 1 mA-cm™ F 1§ ¥ 300 X J5, H: CE f45& 7£
97.5%; AL Li||Li XPFR I, 76 1 mA-cm2F1
1 mAh-em256F T, ATLAGEEFA 1000 h, HiK
1 B AR 22 40 mV (B 4(b)). Li SR i 7K #4i%
B FF A A A7 B A AT 4l (cerium trihydroxide,

(@)

A R
gt dedERE

s
S

@ u

Ce(OH),)HJ LLZTO 4K WkL(LLZTCO), @it 7
PP [ Ji5% i) — {0 74 78 i1 PVDF A1 LLZTCO 41 il i)
HE WM, H& I aetE = &R . PVDF M
LLZTCO 2 [a) ff ¥ [FIAH BAE 424 7V 2 Litd
16, A BT R0 5 R 4 YR 45 2% PP BRI
AR EEE B 1% 2 A BRI ) & HL 3 F 0N 3.68 %
10 mS-em™, LitiEF%40.73, 7£25 °CH
T TN 4.8 V. IEAN,  Li||Li XHFR s jth 3R 0 HE
112000 h I REEEIR, HLIA BH AR
B8 A FH S0 B IR 4E 2 1 Li||LFP Fath, #E1C R
TEFE 400 IR J5, 2 EARFFFAI N 91.6%. Boateng
SEUDSE H — Rl B A PR R, L FEI R
WG N B8 7y SEBRH R YU RRAT v 1A 20
¥ W K FRR i N 21 1) 45 47 () PVDF-HFP % %
H, B8 S SR 1E Celgard = 2 & & 8 i (PP/PE/
PP) [, TR — Pl (1 o] 25 e A7 53 R (AU AH . B
JES 2H 2% F, Li| [LFP B J5 , 75 10 C R 73 3000
i, BEAVYRMERFA 100 mAh-g!, L CEJLF%
ABEAS, &1L 99.9%. 1E 15 7147(20 mg-em™) LFP
IERRR, T0.3 C%AF R 553 3.4 mAh-cm™
T2 &
32 BRGBEEESRIRE
%5 I (polyacrylonitrile, PAN) & — Fift 8 %
(G B o FARE, AR 0 7 22 1t R AT Ak 2
FaEtE. Ko raih &H REMEE(—C=N),
WP aR T . AR AR 2

OLi*red

istribution

&

-~ T

s AR LN Re A5

N 2‘090009000%
Free Immobilized Li*

\=' anion = anion redistribution

. PP PVDF
separator chain .LLZTO
(b) -
. 1 mA cm?, 1 mAh cm?
So1
$o0
o
So1 F __pp
02 |. ——PP@PLLZ
T | e e | A |

1

1 1 1 1

0 100 200 300

400

500 600 700 800 900 1000

Fig. 5 (a) Schematic illustrations of the Li* deposition behaviors through PP separator and anion-immobilized PP@PLLZ

separator with multiple highly-conductive ion pathways; (b) Voltage profiles for Li symmetric cells with different separators

during galvonostatic cycles under 1 mA-cm~2 (Reprinted with permission from Ref.[39]; Copyright (2019) Elsevier).



1882 = T

R 2025 4F

FREPE.

PAN JE 5 G R I R AR e R AR e P . AL
558 JEE AN EEL ARV TR 1, E LMBs g T Y2 A 58
TP S AR K B S UM R E A s
P THEAL, PAN J:FR I AE 02 G 5T Hth i) 2
A FVE A 5 4y . Wang S5908 0 T — RS 4t
HE C=C/C=N %= [ 1) 5 4 I it 44 K Fr (PPNS),
¥ HmH iR 7E PP W JE | . PPNS g L5845 145
GARSR SRR IRy C R IS 28 P NTE =i )
M4 . DFT IF5HAESE, PPNS 1 C=N I
AT AR AR P B R Lt S e P, A 20
W LitE 43l 115 . K F PPNS@PP [ I (1) Fjth 2
HHEM B EERANTHERYIES, £
2 mA-em 2 B R E E R, Lil|Cu FLIBAE 200 4K
PEIA R KE T 98.48% ] CE, Li||Li % #% LB AE
1 mA-em™ [ L2 B2 T AT R E JE A I 2000 h,
7E4 mA-cm 2 [T LU FE R [ F2€1247 1000 h. 7E
3CHIEEZE T, Li||LFP L £E G 300 K5 15
R T 94% A ERFFER; M Li||LFP 3 H
HTE0.2 C FSEHL T 100 KA ENG I, HEMREF
#995.7%.
3.3 BRERGEBRFGRESARE

5 H L T A IR FF I8 (poly(methyl methacrylate),
PMMA)BFR “HHLILEE” 8“3 /3”7, —Fb
PEREAR 7 I IBYE = 7 T RL, oy T4 &
AHREMHENBR TR, WY T HHER
B AYE L G A I TR

PMMA H A R 47 1 F AR I 1 R0 A A
P, RefB IR SRR BT S A e A
5 HAth 75 20 ¥ A B PVDF) B S WL KA1 B2
&, PMMA SRR IR DUE 2 fLAG 1, 24ty
SIBYLi AR Sl aE , T A 5 ) 41 R i 1 %
. AR, 7E AR VR s I BELAR 7R AT AR
FF LMBs )% 42 1t {H I8 & 2 040 L d f 2
RE, N7 SCIIMERR S AT, Chen 5514
TR T —Fh E A #mm B2RE P ) PMMA BH 2% [
JEL, 3E I KR T2 6 B A A% -5 5 4 11 BEL
RaW, RILLPMMA 58, = (TLAIE) B (tris-
(pentafluorophenyl)phosphine, TPFPP) 4% i A7 )
PEFRIE I, 5546 PEFREAHLL, 5o bR e I
A ML 8 P R ARV P, BB R
BHATE AN I FR s M . 1325 T PMMA &) 5417
B2 A S AH 25 1, La||Li %o R B s Sz B0 Tk ad

500 h I Fa E &R, LiNCMSI11 Hijth7E 3.0~4.35V
B NAEHE 100 5, 25 & R85 T PE B@ i
(80% versus 65.8%), X4 [A T PT/PE [ i %5 F
E MR R T & & LiF H S — e
fift 0 S T R (CEI). Ma 25440 % FR 45 (aluminium
phosphate, AIPO,), PVDF-HFP fll PMMA ZH i /1]
HEWRZWRBEEPPIRIR L, IRE G 1R I
H 2.28% T HLARVRR IS S, AT HE = T 2 1L 3
RALUY BOR S HhAh, 1R A 5 AL
REEMEE T, 111.2 Ne-m-! i 34 B A 170 °C
AR e AR E ME . KR E R R R TR
LiNi sCoy,Mn 30, A IEAZ I Hh A, 3R95 T 105
PR RS R R ke, JLH Ak 2= PERE 32
FhE B T3 2 B AIPOLEL 555 5 1 FL T
WSRE F1, I HL eSS PP IR A [E 45 & . Hu &)
TR T —F B PMMA 5912 (PP@PMMA)
(192 ThRe bR, 12 M I 8 i Lt ik (R SR )
2 JFAL IR R A RN A B . X Fh 71 AT LUK R
PE PMMA IR SR Y35 51 i 78 2 B RS 1, 10 AN 75
BN EE AL BRAl, B I AR 3G 5 R 1 R
B RE 77, fRHE LIRS, MBS I A= 0 5
TR, MEIEAREK. SRR, WE
PP@PMMA [ JI5 () Li|[Li % FR FL it 2 30 Y 1000 h
FIFEEMEIR, M0 Li||Cu HLIth7E 300 YR AE 24 SZE
T 98.2% [ ¥ PEC R
34 RZGEESSREE

3 LB (poly(vinyl alcohol), PVA) A& —Ffi7K
BHEABEREY), BARBMBENE. FLetEm
FEE . H RO AR R ] A ) B R
EHAEZ NIRRT Z R . RS
T, EEENC—CHEE, M8 BRI
B2 (4 S5 7K PH R RSP

PVA FE 5 GBI AR S RS K e . R E
AU SR, fEH0H] LMBs JR AR & AR K 7 T
JEBLH E K 77 . Zhang Z510E PP [& i L il & T
H )2 52 i f1 (montmorillonite, MMT) F1 PVA 41
BRI AR IR 2 . B TER S T PVA, A
JG 5% BT EE, MMT 35 a2 (12 0.96 nm).
K Hz THZI 5 (1) PP R B 9 oK iR 2 AR
79200~500 nm, BEAMLREHZEETERE . X kR
B TSI B 308 G B ) B A i A Lit B35 S TR,
P ZH 8 P L | L 6 R Ei s LA A1 et F 7 (A
40 mV)FEE I 7900 h 1 75 iy . T 7L o i i
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AR L/ R AR E AR E LS m . PERAFRIE(PI-COOH/PE). R ET G+ E
I NG R AN AR B DGR R A T R K HREM = 4EGD) SR PLIOK, 27 7 LMBs 7E4%
35 BEBRIRESSRE ER T A, AR T R E A1)

E W% (polyimide, PI) & 4> T H 22 EE 4  SEIZ(E6(a)). et ba R a4, 5 BT hnik
B JERZE R — 2K KT, S5iMZ ke, WLGE  LitfEH . 5 (PI-COOH)/PE R i 25 25 (1 Li||Li X #%
I PG AR TN TEF AR ORRSS, WA R AT ik, ERHEREEO0.5 mA-em?) R, RILHHE
RS SV RE I SRR i 143000 h A E L L (B 6(b)F 6(b1)): 7E

PUAE ST SRR LR A E e e, MUbE W QS mA-em®)F, A EIZT 400 h (A
BRI RE, AR, mEMEIIE  6(c)fl6(cl)). FM Y LiINCM811 & Hijth, 7E5C
LMBs [f1#E AR BRI . Wang S5470@ I ZI - TR A6 7 5% T HRILH 146.6 mAh-g' (1 &1 /K F il L 25
AT — PR E AR E PLOERI B BN R & RN, BRI B AR iE e g

(a) ° ° ; QAR
¢ e »o\/uc/\w\cn\/o\/
" coom o oM
© o
(Y-, © -0
R 7l
() @ @
% \/‘\/
'3\]\3/2"\./ LOrwgIgn-O--O

Accelerating Li* Transport

Dendrite-Free and High-Temperature LMBs

b 0.2 C ™
(b) o () f
(PIC-20)PE 0.5
PE S
2 (PIC-20)PE <
£00 o0
s B N
i 1 mAh 0.5 mAh/icm? 0s{__pg 5mAh 2.5 mAh/cm?
)
i ——— (PIC-20)/PE -
0.2+ v v v . ! L 5
0! 500 1000 1500 2000 2500 3000 0 200 SN 400
I. H Time (h) Time(h) 7 M
(b1) ; (cl) & <
PE
2 Fcawe | o8] —— "
s AN TEA N 1R S AT S TR TN TS YO s | w M|
S {1 AR R . s mPus ‘
S oofuiniAnnAnARARARARnARAAnn]  eo o L s
3 | | 3 Ll ) |
> J | | D ERLLLEL AR > | [
N . , J 3 ) ]' " vy ok - v r/ L “ L
0.1 AL | .51 -PE - Y LA
——— (PIC-20)/PE r
60 65 70 75 8 8 90 95 100 300 302 304 306 308 30 32
Time (h) Timo (h)

Fig. 6 (a) Schematic illustrations of dual-functional separators regulating ion transport enabled by 3D-reinforced polyimide
microspheres protective layer; (b, bl) Voltage-time curves of Li||Li cells using PE and (PIC-20)/PE separators with an area
capacity of 0.5 mAh-cm; (¢, c1) Voltage-time curves of Li symmetric cells using PE and (PIC-20)/PE separators with an area
capacity of 2.5 mAh-cm? (Reprinted with permission from Ref.[47]; Copyright (2024) American Chemical Society).
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n T

R 2025 4F

2=k, WLATE 140 °C R IE4Lie /7t 2.5 h (1M PE
BRI BEIZ AT 21 min). SR A IUSHENE ,  [F] I Ag R
T AR E PR A O ) Xu SESIDL T = gR
P 5 T IR s 458 ) 1) PTAE iR IE AL, X7
Ak PE BR AT RIMRE, 4 PLIE WM =5
o1 % K, HEgaEaemit, ME T PEM
fi, ARG RAERATRENE, 150 °CHHH
45 A A 13% 247, 800 °C JF I % Ik oA
27.2%, T PERAIE; SERRENETHEER
58 AR5 3% 0.18 mS-em™ F10.77; F|H
526 B M 4 266 1) Lt B A 5 PE BRIBEA 4 11 £ 26
PEfRe, HAE1CHEET, MG 300 RS 4 & Ok
FF %N 86%, 7£ Li||Li X AR B VB A 2R I, H
WAE TAE 1000 h 5, I H BEINES € B9 M (k) £
TAE, feEIERAaERISELE, JHiA S S
DURR, AT ra FLth ) 22 A 1 R0 754 . Zhou
SRV TE T — B B v 1k e B (Zo) B A7 PT
BRI Z RO = e AR I = IR R,
e BRI R R I Ze I A7 58 Wk T i < R
(Zr-PIA) 2, T LLTE 20 C F S8l LMBs £ i€ iz
17, FFE22700 RGN G 25 = ARFEH AN 94.6%. 1E
Li||Li % AR VG PRI, 1 mA-em™2 R 2
N AR IEAT 4000 h. LIS ATHEUS T ALK, B
A 9K 2 FLEE F AN B 74l 3k Ze A7 551 Zr-PIA
JZ AT DAYE AN B A B - i S 2R R S 0 T A
LT AL, MIE Litm R P, kit
M, ¥ 5 b I B A . 3k SR T DU AR R 34
SYRAZACRR IR A AR, T HRE
TR FE 1 0 e A
3.6 HiiMfERREKNREAYEESRKE
% 7 PI. PVDF. PAN. PMMA. PVA # &
GRS, RN DETTR T ZFREMER A
B, DA RN f AR K, $ETH LMBs 1)
A VERIE PR 75 fiy . Sun Z50JE T —Fh XU L B
Sy T AGHE (e Th S, DUG 2R = F ) 2K
TIE(PPTAYPIK AT YA E bk Ads, it 45 B 1445
NoREREI & B e, Mg T — R EA R
SE T H 5T K S (1) B8 I (F-PPTA@PP). 3 it JEiff
PRI A S WA 2 ) L L R B
F-PPTA@PP 1] LA R0 ] B B iy FA i 4, 2
FACHEE B S DR . Wang Z5EB0K fE 68 Kk A H
B4 K PDA 5 ANF|h-BN H, W4 23 i -m
FHEAE Y LS5 45409, AT 58 1 LA

SR FAAAREVE . B fS, % PDA-h-BN 24 41 K
(PB)¥ 78 75 75 F] PP B@ B () T, LA — o
5 4 % JEE(PP-PB). o % (1) PP-PB [ i 7% I
P8 S TR AR R T R VR A T R LB B
IRV E S AT I 5, FRVE BT LR fhiBE
() % [ B F . 0t 4k, Li||Li b 7E 1 mA-cm™2 1
0.5 mAh-cm™ N R I H 1T 1000 h 152 € TG 5
Li[[Cu b {E 0.5 mA-cm2 R, #EHA 200 V5 {75 -
98.5% [ CE; Li|lLFP HEH7E 1 C T, {900 ¢k
JE AR HE 158.6 mAh-g ' I &, HEMRFEEXEN
98.75%. 5 PP FEHB(120 mAh-g™!, 85.7%)FHLL,
R AR T G AR E A CE. IRk, fib k-
ZARD-A)REMHREZ R 777451 it
(1) Ty R AR P R ] 8 15 P F 1 BT 52 B2 R
. Yang IR T — P B A2 R R A
YI(AIMT), ‘& HZER M =B i, R G Thi
&1 25 PP R I, X SR -A YR ok
) = HLR T, B LirsEM A,
B LU RS . S R A YRR A R e
B¢ Li|[Li RRR Bt s 1 ki 8000 h A E E R,
ZH 25 ) Li| LFP Byt 7E 1 C N4 1200 MG 5
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Review

Progress on Functionalized Polyolefin Separators for
Inhibiting Dendrite Growth in Lithium Metal Batteries

Han-rui Xu'!, Zhao-yi Wang!, Ke-fan Liu', Nan-xi Dong?, Nan-fang Jia?, Jie Wang?, Bing-xue Liu?, Dao-lei Lin!,
Guo-feng Tian!, Sheng-li Qi'**, De-zhen Wu'#
(!State Key Laboratory of Chemical Resource Engineering, Beijing University of Chemical Technology, Beijing 100029)
(?Beijing Yucheng Technology Co., Ltd., Beijing 102299)
(*National Power Battery Innovation Center, China GRINM Group Co., Ltd., Beijing 100088)
(*Changzhou Institute of Advanced Materials, Beijing University of Chemical Technology, Changzhou 213164)

Abstract Lithium metal batteries (LMBs) with pure lithium metal as the anode, due to the high theoretical
capacity (3860 mAh-g™!) and low potential (—3.040 V versus standard hydrogen electrode), have been considered
to the most promising energy systems for the next-generation high-energy battery. However, the problem of
lithium dendrite growth on the surface of the lithium anode and the continuous loss of active lithium metal during
charge-discharge process, have caused significantly reduced cycle life and critical safety hazards, seriously
hindering the commercialization process of LMBs. To inhibit lithium dendrite, in recent years, functionalized
polyolefin separators have been developed and manifested significant effects in suppressing the formation and
growth of lithium dendrites. This paper reviews the research and application progress of functionalized polyolefin
separators for LMBs in inhibiting lithium dendrite growth. Firstly, the key characteristics of functionalized
polyolefin separators for inhibiting lithium dendrite are introduced. Then, the research progress of inorganic
material-modified separators and polymer-based composite separators for inhibiting lithium dendrite are
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summarized, and their mechanisms and effects are discussed. Finally, based on the research progress and
pioneering work in this field, we prospect the future development direction and potentials of functionalized
polyolefin separators for inhibiting lithium dendrite growth. This review provides valuable references and
directions for the achievement of high-performance and high-safety LMBs.

Keywords Lithium metal battery, Functionalized polyolefin separator, Modified separator, Lithium dendrite,

Inhibiting dendrite growth



