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Advanced ceramics offer a unique combination of thermal, mechanical and chemical properties that make
them highly attractive for high-temperature energy applications. In recent years, additive manufacturing (AM)
has emerged as a powerful technology for advanced ceramics, overcoming many of the limitations associated
with conventional manufacturing processes and enabling the fabrication of geometrically complex
components.

This work presents the design, development, and manufacturing of prototypes of innovative ceramic thermal
recuperators for micro gas turbine (MGT) systems, based on Triply Periodic Minimal Surface (TPMS)
architectures enabled by AM. TPMS structures represent a novel class of heat exchanger geometries
characterized by continuous, highly interconnected surfaces that provide an exceptional surface-area-to-
volume ratio and enhanced heat transfer capability.

Innovative ceramic feedstocks, specifically tailored for 3D printing technologies, were developed and
manufacturing processes for ceramic recuperator prototypes with complex TPMS geometries were studied
and implemented.

The adoption of ceramic recuperators allows operation at significantly higher temperatures compared to
conventional metallic solutions, resulting in enhanced thermal recovery and improved overall energy
conversion efficiency. Furthermore, the integration of TPMS-based architectures with ceramic AM opens new
possibilities for heat recovery in MGT energy systems.

The advantages, technological challenges and future perspectives associated with the use of innovative
ceramic feedstocks, AM processes and TPMS-inspired design strategies to develop next-generation thermal
recuperators for high-efficiency energy systems are discussed.
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