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Abstract Lithium metal batteries (LMBs) are regarded as one of the most promising candidates for next-generation
high-energy-density devices, due to the high theoretical specific capacity and low electrochemical potential of lithium metal
anode. However, the uncontrollable growth of Li dendrite, unstable Li/electrolyte interface and infinite volume fluctuation
during charge/discharge process give rise to low Coulombic efficiency, poor cycle stability and even serious safety hazard
from internal short-circuit via dendrite penetration through separators. These multifaceted problems severely hinder the prac-
tical applications of LMBs. Featured by high specific surface area, low density, controllable pore structure, and flexible mo-
lecular design of pore surface/skeleton functionality, porous polymers have received growing attention in electrochemical
energy storage, especially for lithium anode protection. The nanopores and tailored functionalities could allow for facilitated
Li ion transport, while inhibiting anions and regulating the grain size and distribution of LiF. The large pores are conducive to
accommodating lithium deposition and lowing of local current density. Consequently, porous polymers have become the
“new favorite” in the field of “dendrite-free” LMBs recently, which show great potential for stabilizing Li metal anode.
However, explorations in this field still remain in their infancy, and the objective of this review is to briefly summarize the
research progress of porous polymers, especially crystalline covalent organic frameworks for lithium metal anodes protection,
by means of constructing the artificial solid electrolyte interphase layer, coating separator with functional layers and design-
ing metal anode structure.
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Figure 1 Mechanism illustration of Li dendrite growth!*!
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Figure 2 The application of porous polymers for lithium metal anodes
protection
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FIF COF-LZU1 gk fLIE (1.8 nm)AE4L i Z- diAR (P
T(a)Fl 7(b)), L% BN 4R 0 A B BN ER, 38
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&1 LT %0.77£0.01), SZIL T LiT #3854,
Pl TEA S AEKE 7). 5 Li/PP/Li L,
COF-LZU1/PP R (JEE R 5 um) &AM Li||Li X AR HL it
(Li//COF-LZU1/PP//Li)fE 1 mAscm 2. 1 mAhecm 2 £/l 30
ul R, BILH T 1000 h FIfE e IE AR
SE LR IR (B 7(d)). BEAk, BL LiFePOs NIE#%(3.8
mgeem %), # & JE N HA . COF-LZUI/PP A ik 2l
S E ML, 7E 30 pL 13- SRR IR/ 2 T EE R
(DOL/DME) {3 200 P&l 2% &R FF RN 80%. MALE A
WITE N L SEI i\ B LA 1 /25 45 S Th A8 41 o 1 R ) 2 FH,
A2 B I BH R R ST B B 7 RO B R 4 v 4 A A
PR AR K, HRE A SRR ) R R 2 A i,
TE— R FON N — R Re % B rth A~ 1 i .

=Y RGNt

IR TR AL R A R TR IEAS 1 DL AR e B
BN SRS AT T — € B R, (EATh R = AT A R K
L. Bk, SEEIF=4ERILREY, I TEE LT
NSRBI /2 4y, — 7 T AT DA At 78 A2 ) 2 AR 2 [
SEVPRFRAR Y, R A R AT DL AR R 0 LA 2 B o AR AN
RGO, X S e FLIR A B N AR B T ST A

B X Hetn, Wang ANHUSHR T H B SEERARRVE I = 4
L% FLER M- fig 453D cross-linked porous poly-
ethylenimine sponge, 3D PPS), #f PPS %} Li #3155
R R A5 70 Mg 45 Hh (IR SRR AE), R Litik
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Figure 7 (a) Schematic of the structure of COF-LZU1 and Li-ion transport in the stacked 2D COF-LZU]. (b) Schematic of Li-ion deposition following
the principle of Galton Board model. (c) Measurements of Li-ion transference numbers. (d) Comparison of electrochemical performance of Li||Li symmet-
ric batteries with conventional separator and COF-LZU1/PP separator using different electrolyte!'¥

FEm TH(E 8(a)). 1 45 135 2 SR B 26 A 1 4
HV, BFFCE L 7.7 mAheem 2 [ Li YUF7E 3D PPS@Cu
Rk, LA LiFePO4 (3.8 mAhecm )N IE
e, 75 N/P LEJ 2 (26 AF T3 400 UUS PR A8 R weyik
99.78%(1&l 8(b)). WAL REW, Li@3D PPS@Cu itk
TE LB BN 264 T HA LR I IE IR Fa E . wHFEm,
A AR AL UL S 5 € HAr 1) 48 v AR 8 26 1
3RS T Re i Li R R, oG8 LiT 10 B k4h
B 15, AR AR THI R R B LR A . 3D
PPS H|H B k4t 5 s R L T EER, £5
R M SR AE T, ST Li 880 Mh, 3K
13 PEAR 22 L v AR LU 5 DL RO it 1) 81 4 )& Al
[F4E, Lu /NHUSHE T H =4 2 L3R = 5k -H A
1847 (Porous poly-melamine-formaldehyde, PMF), 3%
MEASEWMEER, 5 LiHREALS SR, v e
HE Li' (8510 i 58, PMF [ = 48458 m] AR At
AR, AR, £ =4 KILREYH iR FHE
WIE, A [F I SE RS Z M A E TR/ RIE, Wu
AINHUTIRIH 2 FL = R TG K (Melamine  foam, MF)H]
FMEZFURAE, 18 PR A AT A & T Sl JE A
B PIRR, ISR = PEReEE e g b, K MF i —
HEFH MXene HA, B3 4L FHEMNEKGD
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MXene-MF)( 8(c)). DFT i+H %8, EMHH O-.F-Ffg
HHIE I T4 R T 5 MXene 454 fE, MXene FH LT
TR T =S40 E 20 SR, £ PR BTk R,
5 Cu HitAEEH, 3D MXene-MF HLHZSZHL 7 5 i Li*
W AR B % B, AR TSP, X 3D
MXene-MF HLH7E 50 mAecm > )& IR E A 50
mAhecm 2 FJPEPURR R & T T B4 MK, AR RIOR
% 99%( 8(d)); LA MXene-MF-Li Ay HELA 5 ik Hi it
7£ 10 mAecm 2 LU AT 10 mAheem 2 AT S &
TEA 3800 h(1900 [E)1KIEH (A 8(e)), mTH
il SC Ak HRE ;A T 3R H Jth (MXene-MF-Li/MXene-
MEF-S) #1401 2, # 11 (MXene-MF-Li/S) [A] #: 2 B Y B 17 1
R MGG ERE. =4 KILR SR &8 bk
WA B TR BRI N, AN R LA R (Nas K)
A — % E M, thin, Na/MXene-MF HLAZ{E 10
mAscm 2F1 10 mAheecm 22644 I3 150 Bl SRR AN
99%; LA MXene-MF-Na A HUR X FRELIAE 20 mA-
cm 2 fl 20 mAheem 2 24 NXE 15 mV HEWAL;
MXene-MF-Na/Na;Vy(PO,); BB 7E 15 C N HA 84
mAheg ! AR, RILH BRI BEAEMERE. B, %
TSR =g RKILREMENE R — PR ZILERE
WIAE S 3B 4 PRIt ASE s 0 1) T ) S FH 9 7.
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Figure 8 (a) Electrokinetic phenomena in 3D PPS under an electric field. (b) Cycling performance of full cells using Li@3D PPS@Cu as the anodes and
a high-areal-capacity LiFePO, as the cathodes!'”). (c) Schematic illustration of the fabrication process of 3D MXene-MF scaffold for alkali metal anode. (d)
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Table 1 The electrochemical performance of porous polymer in lithium metal anodes protection

i 3.

LRk

O E

el L, 2% /(mAhecm?) LR B i 2R
(mAecm °)
COF 1 1 1 mol/L LiTFSI in DOL/DME (1 : 1, V/V) 400 h [8]
1 mol/L LiTFSI in DOL/DME (1 : 1, ¥77)
COF-LZU1 0.5 0.5 with 1% () LiNOs 2000 h [9]
1 mol/L LiTFSI in DOL/DME (1 : 1, V/V)
TpPa-COF 10 5 with 1% () LINO, 200 h [11]
. 1 moV/L LiTFSI in DOL/DME (1 : 1, V/¥)
AP-CTF-LiF 5 1 with 2% () LiNO, 280 h [12]
1 mol/L LiTFSI in DOL/DME (1 : 1, 177)
mPPy-GO 5 1 with 1% () LiNOs 400 h [50]
PEO/N-rGO/PVDF-HF ' | I mol/L LiTFSI in DOL/DME (1 © 1, V/%) 22001 [13]
P//COF-1 with 1% (w) LiNO;
1 moV/L LiTFSI in DOL/DME (1 : 1, V/¥)
2D COF-LZU1 1 1 with 2% () LiNO, 1000 h [14]
1 mol/L LiTFSI in DOL/DME (1 : 1, 177)
3D PPS 4 2 with 1% () LiNOs 300 h [15]
PMF 10 1 1 mol/L LiTFSI in DOL/DME (1 : 1, V/V) 50 h [16]
1 mol/L LiTFSI in DOL/DME (1 : 1, 177)
3D MXene-MF 10 10 with 1% () LiINOs 3800 h [17]
N IR £2@EGEARSAT L8 EME LELFEKyMH
1EHEEN VABT 7o L ST A R B AR T R G, TR R BALAR 4 A
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AR ) 4 R Fh F R AL 09 COF's A R L4k Al b AE A 52

./ ;
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