
3D-Printed TPMS Ceramic Heat Exchangers for Enhanced Thermal 
Recovery in Energy Produc@on Systems 

F. Mazzan(, T. Delise, P. Fabbri, E. Leoni, G. Magnani, E. Salernitano, A. Strafella 

ENEA - SSPT-TIMAS-MCC, 
Laboratory Ceramic and Composite Materials for the Manufacturing Industry, 
Via Ravegnana 186, 48018 Faenza (RA), Italy and CiMadella della Ricerca S.S.7 Appia km 706, 72100 Brindisi (BR), Italy 

 
Advanced ceramics offer a unique combina2on of thermal, mechanical and chemical proper2es that make 
them highly a<rac2ve for high-temperature energy applica2ons. In recent years, addi2ve manufacturing (AM) 
has emerged as a powerful technology for advanced ceramics, overcoming many of the limita2ons associated 
with conven2onal manufacturing processes and enabling the fabrica2on of geometrically complex 
components. 

This work presents the design, development, and manufacturing of prototypes of innova2ve 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 con2nuous, highly interconnected surfaces that provide an excep2onal surface-area-to-
volume ra2o and enhanced heat transfer capability. 

Innova2ve ceramic feedstocks, specifically tailored for 3D prin2ng technologies, were developed and 
manufacturing processes for ceramic recuperator prototypes with complex TPMS geometries were studied 
and implemented.  

The adop2on of ceramic recuperators allows opera2on at significantly higher temperatures compared to 
conven2onal metallic solu2ons, resul2ng in enhanced thermal recovery and improved overall energy 
conversion efficiency. Furthermore, the integra2on of TPMS-based architectures with ceramic AM opens new 
possibili2es for heat recovery in MGT energy systems. 

The advantages, technological challenges and future perspec2ves associated with the use of innova2ve 
ceramic feedstocks, AM processes and TPMS-inspired design strategies to develop next-genera2on thermal 
recuperators for high-efficiency energy systems are discussed. 
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