
Green Production of Lithium Sulfide for Solid State Batteries 

William H. Smith(1), Saeed Ahmadi Vaselabadi(1), Colin A. Wolden(1)* 

(1) Department of Chemical and Biological Engineering, Colorado School of Mines, Golden, 

CO, 80401 USA 

cwolden@mines.edu; 303-273-3544 

 
1. Introduction – All-solid-state batteries offer higher capacity than conventional lithium ion batteries. 

Solid state electrolytes (SSEs) are the key to this technology and leading candidates include the Li2S-P2S5 

(LPS) glasses and ceramics (i.e. Li7P3S11), Li10GeP2S12 (LGPS) and its analogues, and Li7-yPS6-yXy (X = 

Cl, Br, I) argyrodites. Lithium sulfide (Li2S) is the critical component and cost driver in these sulfide-

based SSEs.1 The high cost of Li2S reflects the unfavorable methods used to synthesize it, such as 

carbothermal and H2S reduction techniques that are energy intensive, emit greenhouse gasses, and 

creating handling concerns. These approaches also require additional purification and processing to 

produce Li2S in the desired nanocrystalline morphology. In this talk we’ll describe the development of 

metathesis, a simple solution based technique for scalable Li2S production. 

2. Experimental - Na2S hydrate flakes (60%, Sigma) were purified as 

described previously.2 The resulting anhydrous Na2S and commercial LiCl are 

individually dissolved in ethanol and then mixed, instantly precipitating NaCl 

and forming Li2S which remains dissolved in solution. Li2S nanocrystals are 

recovered as  described previously. 3 Li6PS5Cl argyrodites were subsequently 

produced by ball milling, cold pressing, and annealing. Temperature-dependent electrochemical 

impedance spectroscopy (EIS) was performed in the frequency range of 1 Hz to 1 MHz.  

3. Results and Discussion – Figure 1 below shows the XRD patterns of argyrodites synthesized using 

metathesis Li2S synthesis with different levels of excess Na2S compared with a commercial Li2S standard.  

Li6PS5Cl synthesized from the commercial sample of Li2S exhibits X-ray diffraction peaks that can only 

be attributed to the argyrodite phase with no impurities or unreacted precursors detected. The Li6PS5Cl 

samples prepared from metathesis Li2S display a number of impurity phases. All samples, regardless of 

Na2S purification, exhibit Li3PO4 and LiCl impurities, presumably originating in oxygenated and 

chlorinated species such as Li2CO3, Li2O, and Li3OCl present in the synthesized Li2S. Nevertheless, the 

metathesis-based argyrodites outperform the commercial standard in terms of ionic conductivity 

achieving state-of-the-art room temperature performance (>4 mS/cm).  The talks will provide much more 

detail on synthesis, characterization, morphology, and performance.  

 
Figure 1. (left) XRD patterns of argyrodites synthesized as a function Li2S made with different levels of 

excess Na2S relative to a commercial Li2S standard. (right) Arrhenius plots of ionic conductivity. 

4. Conclusions -  In summary, this study demonstrates solution-based synthesis of Li2S via metathesis 

conducted in ethanol using low-cost precursors LiCl and Na2S•xH2O.  The combination of low precursor 

costs coupled with fast and benign processing offers the opportunity to reduce Li2S costs more than an 

order of magnitude, making solid-state batteries technologies employing thio-LISICON electrolytes cost 

competitive. Work is ongoing to further improve the Li2S impurity profile and assess its impact in other 

applications such as advanced cathodes.  
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