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Abstract: Sodium metal is regarded as one of the most promising anode materials for sodium metal batteries
due to its high specific capacity (1166 mAh-g') , low reduction potential ( —2.71 V ws. the standard
hydrogen electrode) , and low cost. However, unstable solid electrolyte interphase (SEI) , inevitable
volume expansion, and uncontrollable dendrite growth have hindered the practical application of sodium
metal anodes (SMAs). Currently, strategies such as electrolyte optimization, current collector design, and
artificial SEI construction have been developed to achieve stable SMAs. In this review, the latest strategies
adopted in the design of electrolytes, current collectors, and artificial SEI have been systematically
summarized. Firstly, the optimization strategies of electrolytes are reviewed, including the optimization of
solvents and salts, and additives to regulate the solvation structures to achieve high-performance SEI.
Then, the modification strategies of current collectors to regulate sodium deposition behavior are
discussed, aiming to achieve uniform sodium deposition, alleviate volume changes, and avoid the
formation of dendrites. Moreover, the latest progress in improving the performance of SMAs by artificial
SEI layers is systematically reviewed. Finally, the future researches and prospects for high-performance
sodium metal batteries are also proposed.
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Fig.3 Strategies of additives toward high performance SMAs

(a)schematics showing formed Na-Sn alloy layer*?!; (b)radial distribution functions and coordination numbers of electrolytes’
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(¢)percentages of varies solvation structures'*; (d)schematics showing stabilization effects of SMAs with
NaOT{,NaTFSI,KOTf,and KTFST additives"’
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Fig.4 Current collectors modification engineering

(a)schematic of Na plating on Cu and Au-Na substrates™; (b)schematic illustration for Na deposition on Sn@C!,

(¢)schematics showing the Na plating/stripping process on substrates'®’; (d)schematic of the synthesis of h-M-SSG'™
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Table 1  Comparison of electrochemical performance and advantages and disadvantages of symmetrical

cells related to artificial SEI engineering

Work condition/

Strategy (mA-cm ™%, Life time/h Advantages Disadvantages Ref.
mAh-cm?)

Artificial 2,2 1000 High Young’s modulus; Fragility; [78]

inorganic SEI (.25, 0.75 500 High corrosion resistance ; Complex preparation process; [79]
1,1 780 Structure stabilization; The compatibility issue with sodium metal [g]]
1,1 700 High ionic conductivity results in a high interface resistance, which [go]
05.1 2400 adversely affects the performance of the [86]
1.1 900 battery
1,1 700 (87]
2,2 240

Artificial 1,1 800 Combining the advantages of inorganic Complex preparation process [88]

inorganic- 3,1 130 and organic materials; High costs and difficulty in achieving large- [91]

organic SEI 1,1 2000 Excellent ionic transport capacity and scale production; [92]
3,1 1500 uniform deposition properties; Poor interface compatibility
5,1 300 High interface stability and durability ;
1,1 780 High versatility and strong [93]
3,1 516 environmental adaptability
2,2 2000 [94]
4,4 2000
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