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In hydrometallurgical processes, silica-rich residues emerge as prevalent by-products, as silicate minerals 
represent up to 90 % of the Earth’s crust. Despite their abundance, most of these residues are currently 
disposed of as waste. As the demand for metal increases, a global rise in silicate tailings from mining 
industry will inevitably follow, highlighting a challenge for zero-waste mining strategies. This issue is for 
instance encountered in ex-situ mineral carbonation processes, where the reaction between CO2 and 
magnesium silicates generates residues depleted in magnesium and enriched in silica. These silica-rich 
residues represent an underutilized resource with valorization potential. The development of a 
hydrometallurgical process to recover silica presents a critical opportunity to enhance the attractiveness of 
the mineral carbonation.  

In this study, silica xerogels were produced from mineral carbonation waste generated during the 
carbonation of serpentine-rich asbestos tailings from Québec. First, these wastes were treated via acid 
leaching to remove impurities such as magnesium and iron, thereby concentrating the silica in the solid 
matrix. The silica-rich residues were then subjected to alkaline leaching with sodium hydroxide solution. 
The resulting sodium silicate solution is then converted to silica xerogels via a sol-gel process in a 
pressurized reactor using a CO2 stream as the acidification agent, under varied temperature and pressure 
conditions. The solid residues and synthesized silica xerogels were characterized to evaluate phase 
transformations, morphologies, and silica recovery throughout the process, using XRD, SEM, BET, particle 
size analysis, and ICP-AES. 

Results of the alkaline leaching demonstrated rapid silica dissolution under relatively mild operating 
conditions. This efficiency is enabled by the prior acid leaching step, which provides a more reactive silica-
rich solid. The extraction of silicon reached up to 85% at 30°C using 0.3 M NaOH and a solid-to-liquid ratio 
of 45 g/L within just 30 minutes. Preliminary XRD and BET analyses confirmed the formation of amorphous 
silica xerogels through the sol-gel process. The use of CO₂ as the acidification agent during gelation also 
offers an alternative to conventional mineral acids such as HCl or H₂SO₄ typically employed for silica 
precipitation. 

Overall, this study demonstrates the feasibility of producing silica xerogels from silicate-rich mineral 
carbonation residues through integrated leaching and sol-gel processing. The proposed approach contributes 
to residue valorization by recovering a high-value silica from materials that are typically considered waste 
streams in mining processes. 
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