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Abstract: Silica-based ceramics are widely used in radome applications due to their excellent dielectric properties and thermal
stability. However, traditional ceramic forming techniques face significant challenges in fabricating components with complex
geometries. To improve the forming quality and mechanical properties of silica ceramics, this study employs Digital Light
Processing (DLP)-based additive manufacturing to investigate the effects of different reinforcement phases. Using photosensitive
resin as the matrix, composite ceramic samples are prepared by incorporating mullite particles, aluminum nitride particles, and
alumina-coated particles as reinforcements. The phase composition, microstructure, bulk density, and flexural strength of the
samples are systematically characterized. The results indicate that the type of reinforcement significantly affects the crystallization
behavior of cristobalite and the densification process of the ceramics. Among all reinforcements, mullite particles yield the best
overall performance, with vertical and horizontal shrinkage rates of 8.73% and 8.66%, open porosity of 17.44%, a bulk density of

1.80 g/cm3, and a maximum flexural strength of 17.94 MPa.
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Table 1 Raw material compositions of silica-based composite
ceramics with different reinforcement phases

Samples Reinforcement phase Mass fraction/%

SO None 0

S1 Mullite 1

S2 AIN 1

S3 Al,03-coated SiO, 1
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Fig. 4 SEM images of cross-sections of silica-based composite ceramics with different reinforcement phases
(a) SO; (b) S1; (c) S2; (d) S3; (1) low magnification; (2) high magnification
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Fig. 5 Shrinkage of silica-based composite ceramics with different reinforcement phases
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Fig. 6 Properties of silica-based composite ceramics with different reinforcement phases
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Fig. 7 Flexural strengths of silica-based composite ceramics

with different reinforcement phases
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Table 2 Performance comparison of silica-based composite ceramics prepared by different processes and strategies

Preparation process Reinforcement strategy Open porosity/% Flexural strength/MPa Ref.
Hot pressing BN nanotube 8 120.5 [27]
Gel casting 11.5 67.4 (28]
SLS B,C 30.35 15.88 [29]
SL Zr0, 30 12.2 [30]
DLP ZrSi0, 26.4 115 (31]
DLP ZrSi0, 23.57 9.1 [32]
DLP Mullite 17.44 17.94 This work
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