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The transition towards hydrogen-based steel production requires not only low-carbon process routes, but 

also more efficient management of industrial water and residual heat. Cooling and gas-washing circuits 

contain significant recoverable energy and water resources. However, their exploitation is limited by 

demanding operating conditions, including elevated temperature, suspended solids, scaling, corrosion and 

wear, which may impair heat exchangers, microturbines and cooling nozzles. 

The EnWaRec project develops an integrated approach to recover waste heat, hydropower and water from 

steelmaking cooling circuits. Within this framework, RINA-CSM is developing functional sol-gel coatings as 

enabling advanced materials for the protection of components exposed to challenging process waters. The 

coating concept combines an ultra-thin profile, low surface wettability and adaptability to complex 

geometries. These characteristics are intended to limit the adhesion and growth of scale-forming deposits 

while supporting corrosion and wear protection, without significantly altering component dimensions, 

water flow or heat-transfer functionality. 

The development activity focuses on tailoring hybrid organic-inorganic sol-gel systems and their deposition 

on steel substrates. Preliminary laboratory work has demonstrated the feasibility of obtaining uniform and 

tack-free coatings by dip coating. The formulation and deposition process are now being further developed 

for application to geometrically representative surfaces and components. Functional characterization and 

subsequent validation will assess coating stability in hot water, wettability, adhesion, resistance to scaling 

and corrosion, and the preservation of component performance under relevant process conditions. 

By integrating surface engineering with process monitoring, water treatment, predictive tools and energy-

recovery technologies, EnWaRec addresses a key barrier to resource-efficient steel production. The 

proposed sol-gel coatings are therefore not considered as stand-alone protective layers, but as enabling 

materials supporting reliable heat, water and hydropower recovery during the green transition of the steel 

industry. 
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