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The iron and steel industry is widely recognized as a hard-to-abate sector due to its high energy demand and
reliance on high-temperature processes. While significant attention is often devoted to primary steelmaking
routes, secondary systems such as coke ovens also play a crucial role in overall energy efficiency and environ-
mental performance. In this context, the optimization of refractory materials represents a key opportunity to
reduce heat losses, improve process efficiency, and enhance sustainability.
This research project focuses on the development of sustainable insulating refractories specifically designed
for coke oven applications. In collaboration with Paul Wurth Italia S.p.A. (SMS group), silica–alumina in-
sulating bricks are produced using locally available raw materials and biomass-derived additives, including
sawdust, rice husk, fly ash, and biochar. These secondary materials act as pore-forming agents while simulta-
neously serving as alternative sources of silica and alumina, promoting lightweight structures and supporting
material circularity through the valorization of industrial and agricultural by-products.
The objective is to develop insulating refractory bricks with properties comparable to those of conventional
commercial products, while reducing reliance on primary raw materials. Different formulations are inves-
tigated, with particular emphasis on the SiO2/Al2O3 ratio, leading to the development of various classes of
insulating bricks tailored to specific thermal and mechanical requirements. Target performance includes ther-
mal conductivity values in the range of 0.2-0.3 W/m·K at 800 ℃, cold crushing strength around 1.5 MPa, and
bulk density between 0.45 and 0.8 g/cm3. These parameters are selected to ensure adequate insulation effi-
ciency, structural stability, and resistance to thermal stresses under coke oven operating conditions.
By integrating alternative raw materials into refractory design, this work highlights the potential of sustain-
able material solutions to improve energy efficiency and resource utilization in coke oven operations. Future
developments will include a comprehensive environmental assessment to further quantify the potential ben-
efits of the proposed materials within the steelmaking value chain.
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