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Direct-ink-writing 3D Printing of Ceramic-based Porous Structures. a Review
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Engineering, National University of Defense Technology, Changsha 410073, China)

Abstract: Ceramic-based porous structures not only inherit the excellent properties of dense ceramic materials such
as high-temperature resistance, electrical insulation, and chemical stability, but also have unique advantages similar to
porous structures, including low density, high specific surface area, and low thermal conductivity. They show great
potential in various applications, such as thermal insulation, bone tissue engineering, filtration and pollutants removal,
and electronic components. However, there still exist some challenges for shaping complex geometries on the macro-
scale and adjusting pore morphologies on the micro- and nano-scale through the conventional preparation strategy of
ceramic-based porous structures. In recent decades, researchers have been devoting themselves to developing novel
manufacturing techniques for ceramic-based porous structures. The direct-ink-writing 3D printing, as one of the
representative additive manufacturing technologies, has become a current research hotspot, rapidly developing a series
of mature theories and innovative methodologies for fabricating porous structures. In this work, the conventional

strategies and additive manufacturing strategies for obtaining porous structures were firstly summarized. The
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direct-write assembly processes of pore structures were further introduced in detail, mainly including pseudoplastic ink

formulation, solidification strategy, drying, and post-treatment. Meanwhile, the feasibility of direct-ink-writing 3D printing

technologies combined with conventional manufacturing strategies in constructing ceramic-based hierarchical pore

structures was analyzed emphatically. The new perspectives, developments, and discoveries of direct-ink-writing 3D

printing technologies were further summarized in the field of manufacturing complex ceramic-based porous structures.

In addition, the developments and challenges in the future were prospected according to the actual application status.

Key words: additive manufacturing; direct-ink-writing 3D printing; ceramic; porous material; functional application;
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Complementarity of additive manufacturing and traditional processing for fabricating porous structures
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(a) Schematic illustration of the printing process; (b) Microscopic morphology of hierarchical pore structures
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1 (c) Three sacrificial template methods for 3D-printed ceramics
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thermal insulation applications
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(a) Direct-write assembly process; (b) Pollutant decomposition mechanism
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