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Abstract: Ceramic cores have an impact on the precious casting of the engine hollow blades. 3D printing technology, as a novel
generation of molding technology, is replacing the conventional ceramic core manufacture process due to the advantages of no mold,
short manufacturing cycle, and high accuracy. This review summarized the existing 3D printing technologies for ceramic cores such
as light-curing technology, selective laser sintering, direct-write forming technology and layered extrusion, and discussed the current
research work on the performance optimization for ceramic cores prepared by 3D printing based on their shortcomings (i.e., low
printing accuracy, poor compatibility between mechanical property and porosity, and anisotropy in structure and property). In addition,
the future development of this technology was also prospected.
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Fig. 1 Flow chart of investment casting®
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Table 1 Preparation of Ceramic Core by Traditional Processes
Molding o .
Process characteristics Advantage Disadvantage
process
Injection Ceramic powder is added with molten plasticizer Can shape complex parts with high There are insufficient injections, cavities,
moulding to form ceramic slurry, and then the molten dimensional accuracy and uniform hidden seams, and external collapses, and
slurry is injected into the closed mold cavity with microstructure the degreasing process is cumbersome
the help of the thrust of a screw
Hot press Preparation of ceramic core slurry using Beneficial for casting ceramic cores Heating and providing pressure are required
injection thermoplastic materials as plasticizers, followed with complex structures and high during slurry pouring, and the process is
method by hot pressing injection molding dimensional accuracy complex

Gel casting By preparing a slurry with low viscosity and high
solid content, the organic monomers in the slurry
are polymerized to solidify the slurry in situ

Grouting Adding a coagulant to the ceramic slurry, injecting

forming it into the mold, and then self curing

The process is simple and convenient,
and the prepared green body has high
strength and good uniformity

Simple process, easy to operate

Introducing a large amount of toxic organic
compounds that pose a threat to the
environment during the preparation process

Difficulty in preparing cores with complex

shapes and high accuracy
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Table 2 Classification and characteristics of 3D printing technology

Raw . Method Material Process characteristics Advantage Disadvantage Accuracy
material
Based on SLS (selective laser Compacted fine Use a roller press to press ceramic powder High resolution Multiple defects  80-250 um
powder  sintering), powder, metal into thin layers, use a carbon dioxide
SLM (selective laser alloy partial laser for selective sintering, and stack
melting) polymer layer by layer
Based on FDM (fused deposition Thermoplastic Send the filamentous material to a nozzle — Low cost, Poor mechanical 50-200 um
blocky  modelling) polymers, fiber device with a heating device that can be high-speed properties and
solids reinforced moved. The material is heated and limited raw
polymers melted at the nozzle outlet, and then materials
printed layer by layer according to the
designed digital model
LOM (laminated object Polymer Use a laser cutter to cut ceramic materials ~ Fast and low-cost.  Difficulty in Depending on
manufacturing) composite into ceramic thin sheets according to the Preparation of manufacturing  layer
materials, design pattern, and use adhesive to stack  large structures complex thickness
ceramics, paper, the ceramic thin sheets together, layer by structures
and metal rolls layer to form a part
Based on  IJP (ink-jet printing) Particle Spray the liquid phase material layer by Preparation of Low resolution,  5-200 um
slurry suspension, layer onto the substrate in the form of large structures low interlayer
ceramics, droplets according to the digital model and rapid printing  adhesion
concrete, and soil  through a nozzle, and finally complete
the printing process
SL (stereolithography), DLP Containing UV irradiation of photosensitive resin High resolution Slow speed and 10 pm
(digital light processing) photosensitive slurry for selective curing, layer by layer  and quality high cost
monomer resin stacking to create a three-dimensional
and hybrid structure
polymer ceramics
DIW (direct ink writing) High viscosity Continuously apply pressure to the nozzle Low equipment The accuracy is ~ Hundred
liquid or and continuously extrude the slurry, requirements, greatly affected  micrometers
solid-liquid directly writing out the designed shape high molding, by the nozzle to tens of
mixed slurry layer by layer until the part is printed and  and flexible diameter micrometers
formed manufacturing
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Fig.2 Schematic diagram of SLA technology
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Fig.4 Schematic diagram of SLS technology
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(a) Bending strength

(c) As-received samples

(b) Open porosity and bulk density

(d) Re-sintered samples
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Fig. 7 Bending strength, open porosity, and surface roughness of as-received and re-sintered samples
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Fig. 8 Surface two-dimensional and three-dimensional morphology and roughness of sintered ceramic core printing stacking

direction at different temperaturest*”’
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(f) Crack growth diagram (g) Crack growth diagram
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Fig. 9 SEM image and mechanism diagram of sintered ceramic core with different nano-silica contents!®’
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Fig. 10 (a, f) Cross-section EBSD of re-sintered sample; (b—e) Element distribution of re-sintered sample; (g) Microstructure

diagram of re-sintered corel*”
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Fig. 11 Schematic diagram of shrinkage mechanism of UV-curing printing!*®!

(a) Slurry flow rate

(b) Direction (c) During paving
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Fig. 12 Formation mechanism of layer structure in 3D printing!”
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(a) Pore-forming agent and 1 650 ‘C for 2h

(c) Without pore-forming agent, 1 650 'C for 2h
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