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Research Progress on Modification of Anodic Current Collectors for Sodium Metal Batteries

TANG Fang', LIU Congcong', HUANG Hongyang', YAO Yu? LIU Lin', RUI Xianhong', YU Yan?
(1. School of Materials and Energy, Guangdong University of Technology, Guangzhou 510080, China; 2. Department of Materials
Science and Engineering, University of Science and Technology of China, Hefei 230026, China)

Abstract: The sodium metal anode as an ideal candidate material beyond lithium-ion battery technology has a high theoretical
specific capacity (i.e., 1 165mA-h-g™"), a low redox potential (i.e., —2.71 V vs. standard hydrogen electrode), and low cost. However,
the practical application of sodium metal anode involves sodium dendrite growth and infinite volume expansion, leading to a low
Coulombic efficiency and a short cycle life, and affecting its development. Recent work have dedicated much effort to solving these
problems. This review represented some effective strategies in enhancing the cycling stability of sodium metal anodes, i.€., reducing
the local current density of sodium metal electrodes, increasing sodium nucleation sites, and creating appropriate pores in current
collectors to alleviate volume expansion. This review also discussed the main problems of sodium metal anodes and summarized the
modification strategies of current collectors of electrodeposited sodium metal anodes, i.€., three-dimensional current collector design,
doping or defect engineering, introduction of crystal seeds, and buffer layer modification. In addition, the future development aspects
of high-safety and high-energy-density sodium metal batteries were also prospected.
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Fig. 1 Modification strategies for the current collectors of
sodium metal anodes
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Fig. 2 Schematic diagram of sodium deposition in different three-dimensional current collectors
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(a) Symmetric cell of NG-NF@Nal™”!

(b) SEM and electric field distribution of O-CCF!**) (¢) Nucleation overpotential®®!

(d) Charge density: graphene, pyrrolic N and DGCF!®*)

(e) Cu foil, HC and HC-Ag!™

(f) D-HCF and planar Cu"¥
3 (a) NG-NF@Na % #r i, (b) O-CCF f¥) SEM FIHLI 531, (c)BUZId M, (d)Hff a5, Na Rl (o) Cu i

HC 1 HC-Ag, (f) D-HCF
Fig. 3 (a) Symmetric cell of NG-NF@Na, (b) SEM and electric field distribution of O-CCF, (c) Nucleation overpotential,
(d) Charge density, schematic illustration of the Na deposition on, (¢) Cu foil, HC and HC-Ag skeletons, (f) D-HCF
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il £ 7B R R RS ) 4 4N oK BIORL = 4E Bk VUK (3D
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(a) COMSOL multiphysics simulation”*!

(b) Schematic illustration of the fabrication process, SEM and EDS of the Au/CF!"")

(c) Schematic diagrams and coulombic efficiency of Sn@C®*

(d) DFT calculations®®!

4 (a) Cus CNT/CC Al Au-CNT/CC R HLHT 25 43 A, (b) Aw/CF [l "B, SEM M1 EDS figilt, (o) Sn@C 1
A% 7~ B B AT Coulomb 2%, (d) Cu(111), Co(111)F1 Co HJEF ) DFT i+4
Fig. 4 (a) The current density distribution of the Cu, CNT/CC and Au-CNT/CC, (b) schematic illustration of the fabrication process,
SEM and EDS of the Au/CF, (c) schematic illustration of Na deposition and coulombic efficiency on the Sn@C, (d) DFT
calculations of Cu(111), Co(111) and single Co atom

B Na 7€ Au EAR Y BOREE, 76 10 ps JFRIBE &0 TR EMI 1200 /NI ; £ 8 mA-ecm”.
A Au LR NayAu &4, WTULE RS S48 815 8SmAhem > FIKHAR T, AR E M 200 h.
PR Na@Au/rGO FiAlf# A 1 mol/L NaPFg—— 2, FFE, S48 Ag atEpifase, Wakis S
B R AR, BESAE 5 mA-cm S, SmA-heem®  BISIUTAL. Wang &5 AGNK LT 25 = AR 99K 4[5k
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(L AV SN A K 4 8 TG 3R S AN I B AL OB TR R 2%
MZE, AT LA SR TR A, T HLeT LA
PRUTR RIS T AR, PR A e, Zhu SR
JR AL 3 ¥ (1) 7 SRAE AR IR AR R T CuPy JRAT 361k
9 Cu # NasP B & B +/H 1% F S (MIECT) ZZ it
2P, MIECI 223 )2 i1 (¥ NasP H1E FI T Na™f: 5,
18 Na" S E 2116, CuP, HEAREH 1 M NaPFe— 2
TR AR, 7F 2 mA-em 2 Fl 2 mA-h-em
T, & 420 %, H Coulomb REEE 99.71%;
CuP,@Na XK L HIZE 2 mA-h-cm > K EEFF 1200 h
(300 XAEIR), FRHIRFEN 33.33%. U4k, &JEIT
Z (W Bi. Sb. Sn. Au S5 RE SN KA GBI,
BEARANTTRR B A% AE 22 . Zhang 5414 T B9 K 55



« 2316 - CREFR Eh22 4D

J Chin Ceram Soc, 2023, 51(9): 2306-2321

2023 4F

Fi(Bi NPs)(BicCNs)ik N - 4ERrghK i & &4 kHE
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A F 1 Coulomb R MK £ 5w 18 38 7 4y
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99.92%; Na@BicCNs X FRHLIEAE 1 mA-cm > Al

1 mA-h-cm* N g Fa g JURYFE4H 4000 h. Wang %5
W% T AR C@Sb 49K BRI (NPs)ZH i
(B K% 22 o 2 (B 5b)PH . c@Sb@Cu  H W 7E
1 mA-cm > A1 4 mA-h-cm > T SZHLRE &SN/ B
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UeAh, AT R SEPE RSB N 1 Sn, £S5
S et 2 05 TR 703 )2 108 - Wang 544 47
T HIEEH Sn GRRBURL N [ 22 24 3885 21
J ) 2D HEZ2(Sn/C)VE Nz vt )2 (B 5¢) A
(1) Sn R KFIURL B % 38 i B AL T BRI “ 25807 Na—Sn

(a) BicCNs!’!

(b) C@Sb-NPs™

(c) 2D Sn/C?)

(d) 3D Cw/Z1n/SnO,P
K5 EARERME LIB/RBERE

Fig. 5 Schematic diagram of sodium plating/stripping on different current collectors
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Fig. 6 Progress in modification of current collectors for sodium metal batteries
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