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Fig. 1 Powder bed additive manufacturing technology principle
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Table 1 Influence of BJAM printing parameters on the properties of ceramic green body

Powder materials Binder type Binder saturation/% Thickness/um Green body bending Reference
strength/MPa

Ca0-CaCOs Alcohol-based 130 100 2.28 [12]
ALOs Water-based 100 100 [20]
ALOs Water-based 60 [21]
Y,0; ‘Water-based 100 [24]
AlLOs Alcohol-based 100 50 225 [26]
2.00 [30]
Na,COs Alcohol-based 120 100 0.41 [31]
ALOs Water-based 100 [32]
ALOs Alcohol-based 120 100 [33]

Peng 1201 2% BIAM K37 ENSHiEAT 1 5256, AL T R X AL R e, R R
RI)ZE 9 50 pm H G571 AEE A 100%H) ALOs 50 um H§ANE] 100 pm, 4§ A1203 FBA: ALO; P EEh
Vg e ik v e fe i, AR 2.25 MPa. A 25 iR AR 20 AN 1.23 MPa P& 2 1.13 MPa FITAL
Zhao Z517H T BIAM il % 1 4l A1203 ik F/S 1.87 MPa [£% 1.55 MPa, 4fi ALO; Fg&IRIARIFLER
ALO3(95%A105-4%Ti0-1%CuO) P &AL, RGE FM 67.87%+0.85%FHTHEINE] 70.13%+0.81%,
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Table 2 Effects of different additives on the properties of ceramic molds

Ceramic matrix .
Additive in mass

Room temperature bending

Dimensional shrinkage

Porosity/% Reference

powder strength/MPa rate/%
SiO, 2%B4C 27.35 4.61 45.23 [54]
ALO; 0.1%fumed silica 29.84 2.00 45.63 [68]
SiO, 10%ZrSiO4 21.17 1.56 26.69 [69]
Si0, 4%AI(OH); 15.23 2.25 31.16 [70]
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Table 3 Influence of SLS printing parameters on mechanical properties and dimensional accuracy of ceramic molds

Powder materials  Laser power/W  Scanning space/pm Scanning Thickness/um  Bending strength/MPa Dime'nsional Reference
speed/(mm-s™") shrinkage rate/%
Si0, 9 70 2000 100 27.35 1.40 [54]
ALO; 12 100 4000 100 29.84 2.00 [68]
Si0, 9 100 1800 100 21.17 1.56 [69]
Si0, 11 130 2000 100 7.17 / [75]
Mullite 8 150 4500 150 99.01 / [76]
AlLO; 30 300 2400 140 12.60 / [78]
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Extended Abstract

Ceramic molds, including cores for internal cavities and shells for outer contours, are essential components for precision casting
of complex parts in aerospace, energy equipment, and medical devices, due to their excellent thermal stability, high strength, and
dimensional accuracy. As high-end castings evolve toward lightweight and integrated designs, conventional mold-dependent methods
such as injection molding and gel casting have limitations. These techniques require splicing for complex structures, leading to long
development cycles, poor joint performance, and high costs. Powder bed additive manufacturing (PBAM), including binder jetting
additive manufacturing (BJAM) and selective laser sintering (SLS), enables mold—free, rapid, and integral fabrication of complex
ceramic molds, offering a pathway for efficient short-process manufacturing.

This review systematically summarizes recent development on BJAM and SLS for ceramic mold fabrication, focusing on the
effects of powder materials and printing parameters on the mold performance, post—processing regulation methods, engineering
applications, and future directions. In BJAM, ceramic molds are formed via selectively depositing a liquid binder onto powder layers.
Powder properties including particle size distribution, flowability, and composition critically determine green density and sintered
properties. Common materials like Al2O3; and CaO are widely used, but they require additives such as sintering aids (i.e., nano-sized
Al203, CuO-Ti02) and shrinkage compensators (i.e., Al powder, and SiOz). Key printing parameters, particularly binder saturation
and layer thickness, significantly affect the green strength and surface quality. Post-processing through sintering optimization and
vacuum infiltration with silica sol or nano-sized additives is essential to achieve required mechanical properties and porosity. BIAM
features a high efficiency, a broad material adaptability, and a support-free fabrication, making it suitable for large ceramic molds
with complex internal structures. In SLS, ceramic molds are formed by high-energy laser selectively melting polymer-coated or
binder-mixed ceramic powders without liquid binders, providing a higher green strength. The powder system comprises ceramic
matrix materials (i.e., SiO2, Al203), organic or inorganic binders (i.e., phenolic resin, B4C), and functional additives to enhance
flowability and laser absorption. Critical parameters like laser power, scanning speed, layer thickness, and hatch spacing determine
energy input and part quality. Post-processing via sintering and infiltration is required to achieve high-temperature strength, creep
resistance, and dimensional stability. SLS delivers green bodies with a high initial density, ideal for complex thin-walled molds and
high—precision applications in directional solidification casting.

BJAM and SLS both are applied in producing ceramic cores and shells for turbine blades and impellers, demonstrating complex
cooling passages, high surface finish, and excellent high-temperature performance that meet stringent casting requirements.

Summary and prospects The existing PBAM achieves phased results. To further promote its large—scale application in the
fabrication of high-performance ceramic molds, there are the following aspects. There is an urgent need to develop additive
manufacturing-specific powders and functional binder systems. For BJAM process, composite ceramic powders with favorable
flowability and optimized gradation should be developed, and multifunctional binder systems should be designed to reduce the
dependence on post-processing performance regulation. For SLS process, it is necessary to develop ceramic/binder phase composite
powders with high laser absorptivity and excellent sintering activity, so as to reduce the difficulty of subsequent sintering and improve
the strength of ceramic molds. Dedicated printing systems and post-processing equipment suitable for the multi-material integrated
forming of ceramic molds should be developed. Key technologies such as precise multi-material powder spreading and delivery, as
well as synchronous manufacturing of ceramic cores and shells, should be prioritized to realize high-precision and high-efficiency
integrated forming of ceramic molds with complex structures. Regarding the performance regulation, improving the high-temperature
strength, creep resistance and dimensional stability of ceramic molds becomes an emphasis. The porosity and relative density can be
synergistically regulated to balance the contradiction between high strength and easy core leaching by means of material design,
printing parameter adjustment and post-processing process optimization, so as to meet the stringent performance requirements of
ceramic molds for high-end castings.
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