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Abstract: 

A planar sodium sulfur cell (NaS) with a stand-alone cell design has been developed for high 

power energy storage systems (ESS) applications. Upon designing the cells, an intensive 

thermal stress analysis has been conducted in order to (1) maximize the volumetric energy 

density and to (2) mitigate the maximum local stresses during freeze/thaw cycles. The 

analysis is of great importance in designing the high temperature sodium batteries since the 

thermal stresses at the joints become larger as the cell size increases. To avoid the cell failure, 

the maximum local thermal stress should be sufficiently smaller than the bonding strength at 

the heterogeneous joints bonded via gas tight sealing which enable the cells to be standing 

alone. At the same time, all the cell components and cell fabrication process including state-

of-the-art joining technologies for high temperature sodium batteries have been developed, 

such as electron beam welding (EBW), thermal compression bonding (TCB), and glass 

sealing for metal-metal, metal-ceramic, and ceramic-ceramic joints, respectively. The 

comprehensive efforts enabled us to successfully fabricate different sizes of planar sodium 

sulfur cells (up to 120 mm in diameter of a /”-Al2O3 solid electrolyte), and their 

electrochemical cell characteristics will be presented upon discharge-charge cycles at the 

current densities of 100~400 mA/cm
2
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