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The development of advanced porous materials with tailored functional properties is becoming increasingly relevant in several 
applied fields, particularly in the context of human space exploration and long-duration space missions. The establishment of 
sustainable lunar outposts represents a crucial step toward future extra-terrestrial habitats, and it requires the use of local 
resources according to In Situ Resource Utilization (ISRU) principles in order to minimize the transport of materials from Earth 
[1]. 
In this framework, materials designed for lunar construction must be able to withstand extreme environmental conditions, 
including reduced gravity, severe temperature fluctuations, and continuous exposure to micrometeoroid impacts. This work 
focuses on the development and optimization of geopolymeric materials based on lunar regolith simulants with controlled 
porosity, aiming to achieve a balance between thermal insulation performance and mechanical strength [2]. 
Porosity within geopolymeric systems is introduced through different strategies, such as the use of surfactants and the addition 
of gas-releasing agents [3]. In particular, surfactant systems are employed to generate and stabilize foams within the slurry and 
define the final structure, while aluminum powder is used as a chemical foaming agent to produce hydrogen and induce 
controlled pore formation. The resulting materials can be further processed into structural components using advanced 
technologies, including additive manufacturing. The overall goal is to develop multifunctional, lightweight, and durable 
materials suitable for future lunar habitat construction. To this aim, the mechanical properties and morphology of the 
consolidated samples have been also investigated. 
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Foamed regolith geopolymer produced using: (a) TTAB foam; (b) aluminum powder; (c) aluminum powder and thickeners.
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