Bi-reforming of methane powered by Induction heating on 3D additevely manufactured
gamma-alumina monoliths

Abstract - Daniele Stellati

The global transition towards low-carbon industrial processes necessitates innovative
approaches for the production of syngas, a vital intermediate for chemical manufacturing. This
master's thesis explores the development of advanced catalytic systems for the bi-reforming of
methane, aiming to improve energy efficiency and process sustainability. By integrating 3D-
printed gamma-alumina monoliths as catalyst supports with a bimetallic Nickel-Cobalt (Ni-Co)
active phase, this research demonstrates a novel strategy for electrified catalysis. Unlike
traditional pellet-based systems, these structured supports are designed to optimize mass
transport and minimize pressure drops, while the magnetic induction heating method provides
precise, localized energy delivery directly to the active sites, overcoming the thermal
inefficiencies of conventional industrial reactors.

The study details the synthesis of these 3D-printed monoliths using Direct Ink Writing (DIW)
and their functionalization via wet impregnation. Through comprehensive characterization
techniques—including XRD, SEM, BET-BJH analysis, and temperature-programmed reduction
(TPR)—the structural and morphological integrity of the catalysts was validated. Experimental
results confirm that the synergy between the bimetallic Ni-Co phase and the optimized alumina
architecture effectively mitigates common deactivation mechanisms, such as coking and
thermal sintering. Furthermore, the application of magnetic induction highlights a significant
step forward in process intensification, offering a viable, energy-efficient pathway for valorizing
CO,-rich biogas within a circular economy framework.



