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Effects of free sodium on electrode manufacturing and
electrochemical performance of sodium-ion batteries
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Abstract: To investigate the effects of free sodium content in layered oxide cathode materials
on the engineering fabrication and electrochemical performance of sodium-ion batteries, two
layered oxide cathodes with high and low free sodium contents were selected. We
systematically analyzed their slurry rheological behavior, electrode manufacturing consistency,
interfacial adhesion stability, and cell performance evolution. The results show that both
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cathode slurries exhibit typical shear-thinning behavior and meet the basic processing
requirements for continuous coating. However, a higher free sodium content increases particle
interactions and structuralization within the slurry, resulting in higher viscosity, more
pronounced thickening during standing, and earlier initial and complete gelation. Electrode
testing showed that the high-free-sodium system exhibits greater thickness fluctuations at the
edge regions during coating and calendering, as well as poorer electrode consistency and
lower peel strength compared to the low-free-sodium system. This suggests weaker interfacial
adhesion stability between the coating layer and current collector. Electrochemical tests
demonstrate that the low-free-sodium system achieves higher initial discharge capacity, lower
alternating current resistance, and lower direct current internal resistance, along with better
rate capability, low-temperature discharge performance, and long-term cycling stability. After
800 cycles, the capacity retention of the low-free-sodium system remains close to 92%,
surpassing the approximately 90% retention of the high-free-sodium system. These findings
indicate that free sodium content in layered oxide cathode materials significantly affects
battery polarization behavior and cycling stability by influencing slurry stability and electrode
structural uniformity. Therefore, reducing free sodium content is advantageous in enhancing
the engineering fabrication stability and overall electrochemical performance of sodium-ion
batteries.

Keywords: sodium-ion battery; free sodium; slurry stability; electrode consistency;

electrochemical performance
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Table 2 Change in slurry viscosity during standing
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Fig. 2 Schematic diagram of sampling points for
coated surface density and thickness
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Fig. 3 Thickness distribution of single-side and double-side coated positive electrodes: (a) NaL and (b) NaH;

thickness distribution of calendered positive electrodes: (c) NaL and (d) NaH
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Table 3 Positive electrode coating surface density value (unit: g/m?)
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Fig. 4 Peel strength curves of the positive electrodes
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Fig. 6 (a) Discharge curves of the batteries at different rates at 25°C; (b) discharge curves of the NaL battery at
different rates; (c) discharge curves of the NaH battery at different rates
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Fig. 7 Temperature-dependent discharge performance of the batteries: (a) normalized capacity retention at
0.5 C under different temperatures; (b) discharge curves of the NaL battery at different temperatures;
(c) discharge curves of the NaH battery at different temperatures
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