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Three-dimensional Porous Cu with Bi Modified Layer to Synergistically
Construct Dendrite-free Li Metal Electrode
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Abstract In this paper, three-dimesional (3D) Cu@Bi was constructed by electrodepositing a bismuth modification
layer on the surface of 3D porous copper with micrometer-sized pores prepared by an electroless plating, and served
as the current collector to improve the electrochemical performance of Li metal electrode. The 3D porous structure
with a pore diameter of about 5 pm has a high surface area, which reduces the local current density and results in
uniform current density distribution, and its large free space can alleviate the volume change, release the stress and
inhibit the growth of lithium dendrites. In addition, under the assistance of high lithophilicity of Bi modified layer,
the 3D Cu@Bi decreases the nucleation overpotential of Li, and enhances the reversibility of lithium
plating/stripping. Under the synergistic effects of 3D porous structure and Bi modified layer, the electrode surface
remains flat and smooth even when the lithium metal deposition capacity is more than 4 mA-h/cm’. The half cells
assembled by it can be stably cycled for more than 200 cycles and the Coulomb efficiency (CE) can be maintained
above 98.5%. The symmetrical cell Lill3D Cu@Bi@Li stably circles for above 1500 h at high current density of
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0.5 mA/cm?* with a capacity of 1 mA+h/cm?, and the electrode surface is still smooth and free of dendrites after 100
cycles. The full cell LFPII3D Cu@Bi@Li with LiFePO,(LFP) as the cathode shows a high capacity of 132 mA +h/g and

a capacity retention rate of ca. 87.2% after 200 cycles at a rate of 1C.

Keywords Li battery; Li metal electrode; 3D porous current collector; Bi modified layer; Li dendrite-free
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5 mA/em? (Y HLIR S E FIEER, 102550 2 mA -h/em®. {3 ] LFP HLA% [ LFP . I 32 A PVDF (R L A
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Fig. 1 Coulombic efficiency(CE) of asymmetric cells using Cu, 3D Cu and 3D Cu@Bi at 0. 5 mA/cm*(A)
and 1 mA/cm’(B) with an area capacity of 1 mA -h/cm? first plating profiles(C) of asymmetric
cells using Cu, 3D Cu and 3D Cu@Bi, voltage-capacity profiles of asymmetrical cells using 3D
Cu@Bi as the work electrodes at 0. 5 mA/cm’ with an area capacity of 1 mA - h/cm*(D)

(C) The inset is nucleation overpotential. a. 3D Cu@Bi; b. 3D Cu; c. Cu.
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Fig.2 Voltage-time profiles of symmetrical cells using Cu@Li, 3D Cu@Li and 3D Cu@Bi@Li cycled
at 0. 5 mA/cm*(A) and 2. 0 mA/cm?*(B) with an area capacity of 1 mA -h/cm?
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Fig.3 SEM images of 3D Cu@Bl(A—D), 3D Cu(E—H) and Cu(I—L) after Li plating at a current
density of 0. 5 mA/cm’ with area capacities of 1 mA -h/cm*(A, E, I), 2 mA -h/cm’*(B, F, J) and 4
mA -h/em’*(C, G, K) and Li stripping at a current density of 0. 5 mA/cm* with an area capacity
of 3 mA -h/ecm*(D, H, L)
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Scheme 1 Effect schematic diagram of 3D Cu and 3D Cu@Bi on the Li metal plating behavior
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Fig. 4 SEM images of Cu(A, B), 3D Cu(C, D) and 3D Cu@Bi(E, F) after 100 cycles of Li plating at

0. 5 mA/cm’ with an area capacity of 1 mA - h/cm’ in symmetrical cells
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A (ES6, WASSCHFHFER) , R YA b2 S N 8l )2 .

180
—~ = 401 (®)
‘9“ 150\‘<5Wx t 36‘2
j 120 LFP|[3D Cu@Bi@Li — 70
g : £ :
= 20 2 3.2 —LFP|Cu@Li
£ 60 = 53l —LFP|3D Cu@Li
2 , e LFP|3D Cu@Bi
= LFP|[3D Cu@L 8 il @
8 30 N R H o B@ { D? 24 @Li
G 1 1 1 L 1 1 1 1 1
40 80 120 160 200 0 30 60 90 120 150 180
Cycle number Capacity/(mA-h-g™")
210 —— .
~ ©p =
L, 18010, C 0s5C i - 3
= 150 (EEsssE  pod 1 1.0C LFP|]3D Cu@Bi@Li =
T 10} 02C 2o O S oy 2000 £
‘}f 90 | IOCW 3 WWW LFP|[3D Cu@Li g
S oL ! : ! 5.0C PR A goion] g
g I s A LFP||Cu@Li =
S 30F o e 3
ob— ¢+ R ) ) s ) ) , —1.0C
20 40 60 80 0 60 120 180 240
Cycle number Capacity/(mA-h-g™)

Fig. 5 Cyclability of full cells cycled at 1C using Cu@Li, 3D Cu@Li and 3D Cu@Bi@Li as the anode
and LFP as the cathode with a loading of 1 mg/cm?(A) and the corresponding charge/discharge
profiles in the 80th cycle(B) at a rate of 1C, cyclability(C) and charge/discharge profiles(D) of
LFPII3D Cu@Bi@Li cycled at different rates

KB 5(C) MAFRERTIERR I, 7T 0L, LA 3D Cu@Bi@Li Jy iM% (19 4 H s /] DAFE 0. 1C, 0. 2C,
0.5C, 1.0C, 2. 0C 5. 0C F4r 3R 169, 168, 154, 136, 116 F192 mA - h/g 48 = FIMTHL 255, 24
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B 2 1C IF, B 2 133 mA -h/g JLF 58 VK& . LFPI3D Cu@Bi@Li 4 Hi {78 SC A5 K F & & A F5
92 mA-h/g VA b, HAFERYEREN] BAL T LFPI3D Cu@Li A LFPlICu@Li, HILFEmH gtz e[ K 5(D) ]
WAL T LFPI3D Cu@Li[ B S7(A), WA A5 S JF LFPICu@Li[ E S7(B) ].

BgE 24 LFP (9 i i 5 28 i %) 7. 5 mg/em® B}, LEPI3D Cu@Bi@Li /54K 7] LR EFEA S0 %, FFA
83. 2% M A i PR FF R [ S8 (A) , WA SCHEFE B ], SR LFPI3D Cu@Li Al LFPIICu@Li 7E 50 IR ¥
LR REZE . Rl LLWELE], LFPI3D Cu@Bi@Li[ K S8(B) | i /5 Hi kb LFPII3D Cu@Li[ K S8(C) | Fil
LFPIICu@Li [ 70 HL /5 L 26 [ 1] S8 (D) 1B vy ek

3 &

PIFLAZ N S wm Z2 47 19 ) 3D ZFLAR W BLIE , @ ad i L TR BiA& 12 , 3845 3D Cu@Bi, FH45H:
VER L4 A SR A& . 3D Cu@Bi 3D ZALA5 A RUFRAR T R Bl i 2 1, $244E T35 0 fa g A Al
FEMBE 0, Gff TIRBRERN 1. Bifg i 20— 4R 3 & R B, BRI A, 15
SE SR 783D ZALE5H M Bi B2 M PR FEIVEF T, 7E0. 5 mA/em’ LI 25 B2 F 1 mA - h/em’ i T
ST, B p e FR e i B T 4 mA - h/em B9 55 25240, A 100 RS 3D Cu@Bi HEHL Z21RiI{S
SRIETE . B, UL B, HLSCEE 1500 h LB RS AR DTRVRIES 5 ph L4 R G v s T B e
200K, 5452 98. 5% ML= E SRR AEARMIEAZ L B A7 . i 156 LFPI3D Cu@Bi@Li 4xH
W, 76 1. OC A5 N n B @ R 200 K, 75 B ARSF R ik 87%.

X #4138 W http: //www.cjcu.jlu.edu.cn/CN/10.7503/cjcu20240122.
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