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Abstract:  

In recent years, the demand for lithium has grown significantly, primarily driven by the rapid 
expansion of battery production, and is expected to continue increasing in the coming decades. 
As conventional lithium extraction methods alone may not be sufficient to meet this growing 
demand, direct lithium extraction (DLE) from geothermal brines represents a promising approach 
for securing regional lithium resources and establishing more sustainable supply chains. Lithium 
manganese oxides (LMO) are among the most promising lithium-ion sieve materials for DLE from 
geothermal brines via solid–liquid extraction, owing to their high lithium selectivity and adsorption 
capacity. However, many established synthesis routes rely on hydrothermal processing and face 
limitations regarding scalability and industrial implementation. 

This work presents a spray-drying-based synthesis route for producing LMO sorbents and 
titanium-substituted LMO (LMTO) materials. The synthesized materials were characterized and 
evaluated for lithium extraction from both synthetic LiCl solutions and geothermal brines from the 
Upper Rhine Valley. Compared with conventionally synthesized materials, the spray-dried 
sorbents exhibited improved lithium selectivity, enhanced extraction performance, and favorable 
ion-exchange kinetics under application-relevant conditions. 

Another major challenge of LMO sorbents is their limited cyclic stability, which is caused by 
manganese dissolution during repeated adsorption–desorption cycles. Partial substitution of 
manganese with titanium was found to significantly enhance material stability, reducing 
manganese dissolution from 5.6% for LMO to 1.8% for LMTO during the first five extraction cycles, 
while titanium leaching remained negligible. Furthermore, the maximum lithium sorption 
capacity increased from 5.05 mmol g⁻¹ (35.1 mg g⁻¹) to 5.66 mmol g⁻¹ (39.3 mg g⁻¹) for LMTO. 

Overall, spray drying provides a scalable synthesis route for LMO-based sorbents, while titanium 
substitution enhances their long-term stability for direct lithium extraction. 

 

 


