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permselective membranes, and electrochemical cells. The synthesis and processing -peffigimance
ceramic materials for these devices necessitates innovative sintering approaches. Raittiatioal

DOI: 10.15826/elmattech.2025.462 sintering (RTS) employing higienergy electron beams offers a viable alternative to conventional sinteri
methods, faciliating the expeditious fabrication of ceramics with tailored mechanical, morphologic
structural, and transport properties. Although techniques such as spark plasma and microwave sinte
have been the subject of extensive reviews, RTS remains comparatively exg&red. This review
comprehensively examines the application of RTS for engineering functional ceranfiascluding
perovskites, Ruddlesdef®opper phases, fluorites, garnets, and magnetoplumbites. These ceramic:
essential for solid oxideddls, oxygen/hydrogen separation membranes, catalysts for fuel transformati
into hydrogen and syngas, and other applications. The current understanding of how RTS influer
material properties and device performance is demonstrated. Furthermore, critical research gaps
identified, particularly concerning the impact of electron irradiation on defect equilibria, ioni
conductivity, and longterm functional stability. This underscores the necessity for focused studies to ft
harness RTS for the fabritian of next-generation energy devices.
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production [1,6, 7], and many otherd8, 9]. A significant
challenge in the implementation of these materials has
The transition to a sustainable energy economy haseen the sintering process, which has determined their
led to an urgent need for advanced materials to facilitateultimate microstructure, mechanical integrity, and
efficient hydrogen production, storage, and utilization. functional performance.
Functional ceramics with requisite morphological, Conventional ceramic  technology processes
mechanical, transport, electrochemical, catalytic, andgenerally entail the sintering of pelletized samples or
other physicochemical properties have proven to bedeposited layers in a furnace at elevated temperatures.
indispensable in this endeavor. These materials arAs illustrated in Figurel(a), the process of solafate
crucial for various applications, including solid oxide fuel sintering is accompanied by a reduction in total
cells (SOFC) and electrolyzers (SJOH23], permselective interfacial energy, which occurs through the mechanisms
membranes for oxygen and hydrogen separatidd, 5], of densification and grain growth. The sample undergoes
robust catalysts for fuel reforming and syngas partial melting, thereby inducing liquid phase sintering
(Figurel(b)) in conjunction with soliestate sintering. In
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