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Research Progressin Direct Ink Writing Process of Porous Ceramics
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ABSTRACT: Due to a large number of three-dimensional pores inside, porous ceramics is characterized by lightweight,
high-strength, high specific surface area, and low thermal conductivity. However, the traditional preparation processes of porous
ceramics have a low controllability of structures and properties, which is difficult to meet the requirements of the development
of advanced energy, aerospace, electronic information and other fields for multi-functional high-performance materials. Direct
ink writing (DIW) is a 3D printing process with low cost, wide application of materials, and high expansibility. DIW process can

not only directly prepare lightweight porous ceramic, but also realize the hierarchical structure and multi-function of porous ce-

WFmHHE: 2023-01-08

Received: 2023-01-08

E&WH: B AZXHAFEE (52062029)

Fund: National Natural Science Foundation of China (52062029)

EEEN: L& (1997—), F, #it4, TRHRLG QHEEH 3D AT,

Biography: WANG Wen-yu (1997-), Male, Postgraduate, Research focus: 3D printing technology of ceramic materials.
BIEER: 2% E (1974—), F, ¥+, #&, TEHRF b L E L RBHAK,

Corresponding author: LIU Hong-jun (1974-), Male, Professor, Research focus: advanced materials and their processing
technology.

Bl EXH, MBE. LMW ASRAE T LA RTRI]. A%/ T, 2023, 15(4): 186-196.

WANG Wen-yu, LIU Hong-jun. Research Progress in Direct Ink Writing Process of Porous Ceramics[J]. Journal of Netshape
Forming Engineering, 2023, 15(4): 186-196.



15 4 187

ramics in combination with other processes. It is expected to realize the integration of design and manufacturing, material and
device, structure and function. The principle of 3D printing of porous ceramics by DIW was introduced. The research progress
of DIW methods for porous ceramics, DIW combined emulsion/foam or freezing drying methods for hierarchical porous ceram-
ics was reviewed. Due to the high flexibility of the process, DIW process could be well integrated with other methods to prepare
porous materials with special structure and properties, especially the hierarchical porous ceramics with high strength, high po-
rosity and shape controllability. At last, the advantages and disadvantages of the preparation of porous ceramics by DIW process
were summarized, and the development of printing materials, printing equipment and main application fields were prospected.

KEY WORDS: 3D printing; direct ink writing; emulsion/foam method; freezing drying method; porous ceramics; hierarchical

porous ceramics
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Tab.1 Materials and properties of typical porous ceramics prepared by DIW process
Process Material Compressive strength/MPa Porosity/vol.% Reference
SiOC 2.5+0.97 64 [23]
Ti,AlIC 43-89 44-63 [25]
DIW
ZrB, 3.58 72.5-77 [29]
Cordierite 65.6£7.3 [30]
AlLO, 16 88 [34]
. AlO3 78.7 [35]
DIW+Emulsion/Foam
Al,04 1.53-9.61 73.7-79.3 [37]
Si,N,O 33.14£2.6 61.5+4.3 [39]
AlLO4 29.3+7.6 58 [47]
DIW+Freezing drying Al,O4 5-12 74-86 [48]
]

HAP 22 [52
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