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Abstract Among the numerous successors of Li-ion batteries, Li-O, cells become promising candidates because of their
higher theoretical energy density (3500 Whekg ). However, the uncontrolled dendrite growth and serious corrosion issues of
lithium metal anode are major bottlenecks for practical application of Li-O, batteries. To solve the above challenges, herein,
we prepared metal-organic frameworks materials (MOF-801) with high specific surface area and abundant pores as a protec-
tion layer on lithium metal anode in Li-O, batteries. In this manuscript, pure and cubic-shaped MOF-801 materials are suc-
cessfully synthesized and the high specific surface area (762.9 m*sg') is confirmed. And MOF-801 is verified stable enough
as a protection layer towards lithium metal anode and tetraethylene glycol dimethyl ether (TEGDME) 1 molsL ™" LiCF;SOs;
electrolyte system. Due to the rich pore structures and high specific surface area, MOF-801 can assist to form uniform Li"
flux and dendrite-free lithium deposition morphology can be confirmed in the scanning electron microscope images, which
can avoid the short circuit even fire disaster from the uncontrollable dendrite growth. Besides, the shield effect as well as the
water capture function of MOF-801 protection layer can also effectively prevent serious side reactions from the shuttle effect
of the contaminants (H,O, O, and strong oxidizing species). Consequently, this strategy enables stable electrode/electrolyte
interface and achieves 800 h plating/stripping cycles under a low overpotential of 0.023 V. In contrast, the batteries without
protection can only run for 254 h with the overpotential as high as 5 V at last. The electrochemical impedance spectroscopy
results also verify that the much lower impedance of the lithium metal anode after protection. When applied in practical Li-O,
batteries with a fixed capacity of 1000 mAheg ™' at a current density of 500 mA«g™', stable and long-life cycle performance
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(170 cycles) has been realized in the Li-O, batteries with MOF-801 protection layer, which is 2.88 times longer than those
without protection. The batteries with MOF-801 protection layer also deliver a high discharge specific capacity of 8935
mAheg™". This unique protection layer design strategy illustrates fresh insight towards protection strategy in alkali metal an-

ode batteries.

Keywords Li-O, battery; lithium metal anode; metal-organic frameworks; dendrite suppression; lithium corrosion
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Figure 1 Schematic of the Li-O, battery with MOF-801 protected lith-
ium.
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Figure 2 (a) SEM image (inset is high magnification image) and (b)
XRD curves of MOF-801. (c) SEM image of MOF-801 and correspond-
ing EDS of (d) Zr element, (¢) O element and (f) C element mapping
images. (g) TGA curve and (h) N, adsorption/desorption isotherms of
MOF-801.
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Figure 3 (a) XRD curves of MOF-801 after soaking in TEGDME 1
molsL ! LiCF;SO; for 48 h. (b) XRD curves of MOF-801 after contacting
with lithium for 48 h. (c) Optical image of lithium after contacting with
MOEF-801 for 48 h. (d) Optical image of lithium with MOF-801 protec-
tion layer.
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Figure 4 (a) Lithium deposition morphology without MOF-801 protec-
tion layer under low magnification and (b) high magnification. Lithium
deposition morphology with MOF-801 protection layer under (c) low
magnification and (d) high magnification. (e) Schematic of the suppres-
sion of dendrite growth of lithium with MOF-801 layer.
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Figure 5 Electrochemical performance of Li/Li symmetrical batteries
with and without MOF-801 protection under the current densities of (a)
0.1 mA+cm ? and (b) 0.4 mAscm 2. EIS curves of Li/Li symmetrical
batteries with and without MOF-801 protection (c) before cycling and (d)
after cycling for 250 h.
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Figure 6 (a) CV curves of Li-O, batteries with MOF-801 protected
lithium metal anode (b) Discharge curves of Li-O, batteries with
MOEF-801 protected lithium metal anode at different current densities. (c)
Electrochemical performance of Li-O, batteries with bare lithium and (d)
lithium with MOF-801 layer. (e) Long life cycle performance of Li-O,
batteries with and without MOF-801 layer.
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Figure 7 (a) Low magnification SEM images and (b) high magnifica-
tion SEM images of lithium without any protection in Li-O, batteries after
cycling for 25 cycles. (c) Low magnification SEM images and (d) high
magnification SEM images of lithium with MOF-801 protection in Li-O,
batteries after cycling for 25 cycles. (¢) XRD curves of lithium without
any protection in Li-O, batteries after cycling for 25 cycles. (f) XRD
curves of lithium with MOF-801 protection in Li-O, batteries after cy-
cling for 25 cycles.
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Figure 8 (a) SEM images of pristine cathode (b) cathode after first
discharge and (c) after first charge in Li-O, batteries with MOF-801 pro-
tected lithium metal anode.
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Figure 9 XRD curves of pristine cathode, cathode after first discharge
and after first charge in Li-O, batteries with MOF-801 protected lithium
metal anode.
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. BB H(RE A 10 010 @ D) THHEHHIE 7
SRR, IR ENR B S B Rm, T
AT 100 CHET 12 h BIEAIER G, AEIEIER
%H.
4.3 Super P ERIERHIEIZ

BB RN 8 & 1 [ Super P BRI 45 771 58 W 4 £ 4
(PVDF) 34 5] 43 B N-HBE ML Se B (NMP) B 30
min, Z J5EK B S SR S A T e 4R L,
W E RS, REET 80 CHMP T 24h 5
N Ar SAFER AR,
4.4 RuU/CNTs =S ERAIHI&

HBUORELN 1:1:5 ) RuClyxH,0, BRYyKE
(CNTs)H Pluro123 I& &R G T /K IFIES S 24 h. 2
ER B SORED TR, ETERXPFE 5%
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Hy/Ar R0 300 CHE3 h. e H SEEE B =4
Ve T4, RIF33) Ru/CNTs ML 15 21 Ru/CNTs 5k
4537 PVDF DAELL 8 & 1 ELBITE NMP 43 B35 5],
FHRAAE TR b, TR B &, &
TERZSHEAR 80 CHETF 24 h J5, BT Ar A%4(0,<0.1
umol/mol, H,0<<0.1 pmol/mol)F£E 4 ' £ H (Ru/CNTs
TERR AN T8 A SR D PR 1 e Il H).
4.5 HAYLEER

WA R BR AR & BEAE N R, W
BE " FE 1 moleL ™' LiCF;SO; E N HUMRTN, BEIRLT-4EE
1EMFBIE, Super P ik 8L, Ru/CNTs /£ NS 1IEW, &S
FEH 7 (0,<0.1 pmol/mol, H,0<<0.1 pmol/mol)ZH %
7E 2025 A fLE IS IR RN, FHE 3 h ERIA AT
J S8 H AL 22 1 BRI
46 MRRIERBUFMEERIE

BHEHQPIR 4477 H A Rigaku-Mini Flex 600 )
KX ST DOEATRAE, 5 TR RS B Hl N
40 kV 1 15 mA; MREERTHESRAE LK B 70 3 404
I 1 Hitachi S4800 37 & St 414 F 1 A BE EAT L5 4
M1 218 1L Perkin-Elmer Diamond TG/DTA #7r#T4%
HEAT IR, RS W B i 28 /2 385 Micromeritics ASAP
2020 PR PR A3 BT ACGEEAT IR, DE IR 22 DA K FAL A B AT
T RE IS BioLogic VMP3 AL 2 T ARG HEAT T
fiti, FE MR I I Land CT2001A F it A ik
AT WS
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