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In 2024, total energy-related CO₂ emissions increased by 0.8% compared with the previous year, reaching a record 

of 37.8 Gt CO₂. The transportation sector accounts for approximately one-third of global greenhouse gas emissions, 

where electrification is expected to play a crucial role in mitigation. Electric vehicles (EV) alone avoided 80 Mt 

of CO₂ emissions during the past year, highlighting the environmental benefits of transitioning to electric mobility 

(International Energy Agency, 2025). In this context, lithium (Li) is a key element in the global energy transition, 

primarily due to its use in EV battery components. However, Li is classified as critical raw material in the EU list 

due to its economic relevance and supply risk (European Commission, 2024). Ensuring that Li production is 

reliable and sufficient to meet the growing demand for modern technologies is essential for achieving long-term 

reductions in global CO₂ emissions. 

 Conventional Li recovery from Li-bearing ores relies on metallurgical methods that consume high amounts 

of energy, with processing temperatures reaching up to 1100 °C, contributing to CO₂ emissions increase. These 

processes also generate co-products and solid waste, such as silicates and metal sulphates, which require additional 

purification steps, increasing both complexity and cost. The use of sulfuric acid (H₂SO₄) for ore digestion 

introduces further challenges, including corrosiveness, the need for frequent equipment maintenance and the 

release of harmful gases. From an environmental perspective, these operations may contribute to air pollution, 

acidification and wastewater generation.  

 These concerns have leveraged the development of more sustainable Li recovery techniques. Recent studies 

have identified calcium chloride (CaCl₂) as a promising alternative pathway. CaCl₂-assisted thermal treatment has 

demonstrated high Li extraction efficiencies across diverse Li-bearing resources, including α- and β-spodumene, 

spent Li-ion batteries and clay-rich materials, with reported yields ranging from 90% to 99% under temperatures 

between 700 °C and 1000 °C and reaction times of 60–120 minutes (Barbosa et al., 2015; Braga et al., 2020; Fosu 

et al., 2022). For battery waste, Li recovery up to 99% has been reported under 700 °C for 60 min, combining 

CaCl₂ and carbon black (González et al., 2022). Subsequent leaching (Li solubilization in aqueous media) typically 

employs water at low solid-to-liquid ratios and temperatures below 100ºC, corroborating the simplicity and 

effectiveness of this approach (Dang et al., 2020; Ran et al., 2024). 

 Regarding spodumene, the use of CaCl₂ in the roasting step decreases the α- to β-spodumene transformation 

temperature, reducing energy consumption while breaking the mineral’s crystalline structure to turn Li more 

available for leaching steps. This method achieves Li recovery rates comparable to conventional calcination, 

without generating SOx emissions, minimizing the need for gas-treatment systems. CaCl₂ preferentially reacts 

with spodumene, limiting the dissolution of impurities (e.g., Fe, Mg, Al) and, due to its lower corrosiveness 

compared to H₂SO₄, reduces equipment maintenance and associated costs. 

 Despite these advantages, CaCl₂-assisted roasting faces challenges due to operating temperatures (that 

remain above the desired range), and the large salt-to-concentrate ratio often required. Combining mechanical 

activation (high-energy milling) with CaCl₂ roasting has been proposed to lower the phase-transition temperature, 

resulting in Li extraction up to 90%. However, although a mechanical activation duration of approximately 3 hours 

yields the highest extraction efficiency, such prolonged milling also involves high energy demand (Ni et al., 2024).  

 The present study aimed to optimize Li extraction from spodumene using CaCl₂ roasting alone and 

combined with mechanical activation. Experimental tests were conducted on spodumene concentrate (3.2% Li) to 

evaluate processing parameters including concentrate/CaCl₂ stoichiometry, temperature, reaction time, and 

hydration conditions. The solid samples were also characterized by X-ray diffraction, particle size analysis and 

specific surface area measurements, to further investigate the behavior and potential changes in the crystal structure 

in response to variations in the operating conditions. The results demonstrated that up to 90% of Li could be 

extracted from spodumene, highlighting CaCl₂ roasting and mechanical activation potential as an environmentally 

friendly alternative to conventional methods. 
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