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Anisotropy Control and High-Temperature Strengthening of Silica Ceramic Cores Fabricated
by 3D Printing

XU Xiging', FAN Jiaxian', NIU Shuxin®, LI Xin*, ZHANG Qiang?, LI Jie'
(1. School of Materials Science and Engineering, Chang’an University, Xi'an 710061, China; 2. Science and Technology on Advanced
High Temperature Structural Materials Laboratory, Beijing Institute of Aeronautical Materials, Beijing 100095)

Abstract: Investigation on 3D printing of silica ceramic cores is crucial to the development of aviation level in China, but the related
problems are high-temperature softening and structural anisotropy. Silica ceramic cores were fabricated by DLP light curing 3D
printing technology using fused silica powder as a raw material and mullite powder as a modifier. The results show that the ceramic
cores have a layer-packed anisotropic structure. The addition of a small amount of mullite powder promotes the sintering
densification of ceramic powder and diffusion binding between printing layers. As a result, the structural anisotropy of ceramic cores
is relieved, and the flexural strength is enhanced and tended to isotropy. For ceramic cores with 3% mullite powder, the
high-temperature flexural strengths in horizontal and vertical printing are up to 18.5 MPa and 16.3 MPa, respectively, which can
satisfy the demands for hollow blade casting.

Keywords: silica ceramic cores; 3D printing; mullite; anisotropy; high-temperature strength
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Table 1 Information of the raw materials

Raw powders Chemical formula Purity Dyo/um Dso/pm Dgo/pm Producer
Fused silica SiO, >99.95% 1.66 6.31 25.96 Jiangsu
Corundum AlLO; >99.00% 2.12 15.93 49.78 Henan
Zircon ZrSiOy >99.00% 2.26 19.86 55.75 Shandong
Mullite 3A1,05-28i0, >95.00% 0.70 4.67 20.85 Shandong
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Table 2 Compositions of mullite powders wi%

AlLO3 SiO, Na,O K,0 Fey03 CaO MgO
75.88 20.4 0.24 0.17 0.11 0.16 <0.1

w—Mass fraction.
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