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Liquid metal battery (LMB) is an intriguing energy storage technology with advantages of low-cost, large-
capacity and long-lifespan [1]. Recently, it has been gained great interest as a large scale electricity storage
device able to integrate the intermittent renewable energy technologies like wind and solar in to the grid [2-
3]. LMB consists of a low-density liquid metal negative electrode (e.g. Na, Li), a medium-density molten salt
electrolyte (generally a molten halogen salt mixture), and a high-density liquid metal positive electrode (e.g.
Sb, Pb), which self-segregates into three distinct layers by density due to their mutual immiscibility. The
strong interaction between the two liquid metals provides the thermodynamic driving force (cell voltage) for
the liquid metal batteries [1]. The molten salt electrolyte serves as an isolation layer between the negative
and positive electrodes to replace the battery separator existing in traditional batteries.

Despite that Li-based LMBs possess excellent electrochemical performance [1,4], the excessive consumption
of Li resource (e.g. Li-ion batteries for transport sector) will inevitably lead to a rapidly increasing price,
which makes low-cost Na-based LMBs more competitive in large scale energy storage for the future energy
system. However, Na halogen salts containing in the molten salt electrolytes of Na-based LMBs lead to high
melting temperatures of the molten salt electrolytes and thus high operating temperatures of LMBs. However,
a high operating temperature is undesirable because it results in higher rates of corrosion and detracts from
overall storage efficiency, which ultimately increases cost of ownership. In our Sino-German research
project funded by DFG and NSFC (cooperation with Karlsruhe Institute of Technology (KIT), Germany and
Huazhong University of Science and Technology (HUST), China), low-cost low-temperature Na-based
LMBs are being developed.

One of the major challenges for development of low-cost low-temperature Na-based LMBs is selection of
the molten salt electrolytes with the best thermo-chemical properties (melting temperature, corrosivity, Na

solubility regarding self-discharge) and the lowest cost. In this work, current research progress on selection
of the best molten salt electrolytes for low-cost low-temperature (<450°C) Na-based LMBs will be
presented. The commercial software for thermodynamic calculations — FactSage® is used to simulate the
phase diagrams of molten halogen salts for screening the promising electrolytes. Furthermore, thermo-
analysis via Differential Scanning Calorimetry (DSC) [5], immersion tests of alloy samples [6], and Na
solubility measurements are performed to evaluate the selected molten salt electrolytes experimentally. The
selected best molten salt electrolyte will be tested in the Na-based LMB test cell.
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