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Development of 3D-Printed Zirconia Ceramic

Jitwadee Sukkhawan* Thanakorn Wasanapiarnpong** Pavinee Padipatvuthikul Didron*

Abstract

Objective: This study focuses on developing and studying physical and mechanical properties
of sintered zirconia ceramic using 3D printing FDM technique.

Materials and Methods: 3Y-TZP zirconia and binders with 25:75 percent by volume were
wet mixed. Both zirconia powder and binders were compressed into filament through the extruder at
190 °C. Polymer debinding step was carried out using thermal debinding technique Samples were
subsequently sintered at 1510 °C for 2 hours in a box electrical furnace. Characterization of zirconia
filament, the as-printed and the as-sintered including density, porosity, water absorption, linear
shrinkage, flexural strength and microstructure were investigated following ISO standard.

Results: Physical and mechanical properties were found as follow; the weight loss of the
fired specimen 40.60 * 0.71% the density 4.08 + 0.42 g/cm3, the porosity 31.33 * 6.01%, the water
absorption 7.88 + 2.2%, the linear shrinkage of specimen after firing was 25.91 + 5.92%. The flexural
strength of the bars was 31.77 £ 1.3 MPa. SEM micrographs of the printed specimens revealed a
rather homogeneous microstructure, with some submicron-sized pore.

Conclusions: Within the limitations of this study, it was found that both physical properties
and a mechanical property of the experimented zirconia were still less than the ISO standards for
zirconia restoration. The relevant factors that should be improved are the type of printer and the

mixture ratio.

Keywords: 3D Printing, Zirconia, Ceramic, Fused deposition modeling

* Department of General Dentistry, Faculty of Dentistry, Srinakharinwirot University, 114 Sukhumvit 23 Rd, Wattana, Bangkok
10110, Thailand.

** Department of Materials, Faculty of Science, Chulalongkorn University, 254 Phayathai Road,Pathumwan, Bangkok, 10330,
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Fig 2. (a) Filament extruder (b) Filament prepared by the extruder.
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Fig 4. Specimens prepared by 3D printer.
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Fig 5. SEM micrograph of zirconia powder and binders.
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Fig 6. Microstructure of filament through the extruder.
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Table 1. Properties of zirconia specimen prepared by 3D printer FDM type.
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Fig 7. Microstructure of 3D-Printed specimen (a)-(c) and microstructure of sintered zirconia

specimen at 100x, 500x, 2000x magnification, respectively.
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