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Effect of Heating Rate on the Properties of Water-Soluble Calcia Ceramic
Core Fabricated by Micro-Extrusion 3D Printing Forming Method

HU Bo-lin"?, MU Ying-peng"? LIU Fu-chu"?® WANG Miao"?, XU Yong-kun', LIU Hao"? HAN Guang-
chao™?, FAN Zi-tian’

(1. School of Mechanical Engineering and Electronic Information, China University of Geosciences, Wuhan 430074, Hubei, China; 2. Shenzhen
Research Institute, China University of Geosciences, Shenzhen 51805, Guangdong, China; 3. State Key Laboratory of Materials Processing and
Die & Mould Technology, School of Materials Science and Engineering, Huazhong University of Science and Technology, Wuhan 430074, Hubei, China)

Abstract:

The ceramic slurry was prepared using calcium carbonate powder as the matrix material and polyethylene
glycol aqueous solution as the binder, slender ceramic core green bodies were fabricated by micro-extrusion
3D printing forming technology, and then water-soluble calcia ceramic cores for casting were obtained by
stepwise sintering process. The effect and mechanism of heating rate on the properties of slender calcia
ceramic cores, such as morphology, sintering deformation, flexural strength, and water-soluble rate, were
investigated by using the sintering methods of bare sintering, half-buried and fully-buried sintering of
industrial alumina powder. The results show that the fully embedded sintering method of industrial alumina
powder can effectively prevent the deformation of slender calcia ceramic cores, and simultaneously increase
the flexural strength and water-soluble rate, while reduce the shrinkage rate. The heating rate has a great effect
on sintering deformation and cracking of slender calcia ceramic cores, and the slender ceramic core cracks
along the printing track under a high heating rate condition, presenting a large bending deformation. When the
fully-buried sintering temperature is 1 300 °C , the heating rate is 2 °C /min, and the holding time is 2 h, the
sintered slender calcia ceramic cores have no cracks, and the sintering deformation is only 0.11 mm, the linear
shrinkage rate is 10.67%, the flexural strength is 4.96 MPa, and the water-soluble rate is 4.4 g/(s - m®), having
good comprehensive properties.

Key words:
calcia ceramic core; micro-extrusion 3D printing forming technology; heating rate; sintering deformation;
rapid casting
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