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The transition of the European steel industry towards hydrogen-based Direct Reduction (DR)
processes is essential for achieving ambitious decarbonization targets. However, operation atthe
elevated temperatures required for enhanced productivity promotes pellet sticking phenomena,
leading to agglomeration, impaired gas flow, and reduced process efficiency. Within the
superProDR RFCS-funded project, novel antisticking coatings are being developed to enable
stable high-productivity DR operation through advanced surface engineering approaches.

In the frame of superProDR RINA-CSM focuses on the design, production, and characterization
of hybrid organic-inorganic coatings synthesized via Sol-Gel technology. The investigated
formulations include pure oxide based coatings based on SiO,, Al,O,, and ZrO,/YSZ, as well as
hybrid silica networks functionalized with alkyl silanes containing octyl (C8), decyl (C10), and
dodecyl (C12) chains. The coatings are prepared using Silicon, Aluminium and Zirconium
alkoxide precursors such as TEOS, aluminium tri-sec-butoxide, and zirconium alkoxide, under
acid-catalyzed hydrolysis and condensation conditions, followed by low-temperature curing and
dipping-based deposition onto iron ore pellets.

Coating morphology, thickness, coverage uniformity, adhesion, and integrity are evaluated
through Scanning Electron Microscopy (SEM), Transmission Electron Microscopy (TEM), optical
imaging, and standardized adhesion testing. Surface wettability is assessed through contact
angle measurements, while curing behaviour is investigated through set-to-touch evaluations.
Furthermore, advanced physicochemical characterization, including XRD and EDX analyses is
employed to investigate phase evolution, elemental interdiffusion, thermal stability, redox
behaviour, surface area, and coating-pellet interactions under realistic DR conditions.

The developed coatings will be evaluated through laboratory-scale direct reduction tests
comparing coated and uncoated iron ore pellets. Experiments will be performed in a horizontal
tubular furnace under pure hydrogen and selected temperature-time conditions representative
of high-temperature DR operation. The influence of coating composition on reduction and
metallization behaviour, pellet integrity, agglomeration tendency, microstructural evolution, and
possible whisker formation will be assessed. Post-reduction characterization will support the
identification of the most effective formulations and clarify their ability to limit interparticle
bonding and sticking, enabling more stable and productive hydrogen-based DR processes.

Keywords: Sol-gel coatings; Direct Reduced Iron (DRI); Hydrogen reduction; Antisticking
coatings; Surface characterization; Hybrid organic-inorganic coatings; Steel decarburization.

The authors present this work on behalf of the superPRODR Consortium. The project is
supported by the Research Fund for Coal and Steel under Grant Agreement No.
101216556.



