Improvement of Mechanical Properties in 3D Printed Ceramic Core
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Abstract

Ceramic core employed in a precision casting process is typically not recyclable, which
reduces productivity and increases production cost. Therefore, a new fabrication process for ceramic
core combined with 3D printing process and organic-inorganic binder conversion process was
proposed in our previous study. However, the core made of coarse mullite bead (average particle size:
250um) did not develop sufficient green and firing strengths due to the porosity and pore size.
Therefore, to improve the mechanical properties, especially the strength, the packing density of
ceramic core was increased, through mixing fine mullite powder (average particle size: 16um) and
zircon flour (average particle size: 43um) with coarse mullite bead. Green bodies with the two types
of poly vinyl alcohol (PVA), which have the same molecular structure with a large difference in their
boiling points were 3D printed. Then the samples were heat-treated at 250°C to evaporate the PVA
with a lower boiling point. The heat-treated core samples were dipped into the inorganic precursor,
and dried and heat-treated at 1000°C for the organic-inorganic conversion process. Through the
combination of starting powders, the compact density of the sample was increased and the pore size
was reduced, resulting in an increase in the inorganic binder coating efficiency and an improvement in
the glassification conversion efficiency. The study demonstrates the feasibility of fabrication of

ceramic core with excellent strength through 3D printing process.
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