
 
 
ICCES, 2026, vol.35, no.3 

 

 

Copyright © 2026 The Author(s). Published by Tech Science Press. 
This work is licensed under a Creative Commons Attribution 4.0 International License, which permits 
unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited. 

 

DOI: 10.32604/icces.2026.013945 
 

PROCEEDINGS 

Fabrication of High-Performance Microchannel SiC Ceramics via 
Stereolithography-Assisted Freeze Casting 

Lei Shi1, Jili Cai1, Huzhe Yu1, and Chao Cai1,* 

1 State Key Laboratory of Material Processing and Die & Mould Technology and School of Materials Science and Engineering, 
Huazhong University of Science and Technology, Wuhan, 430074, China 

*Corresponding Author: Chao Cai. Email: chaocai@hust.edu.cn 

 

Acknowledgement: Acknowledge the State Key Laboratory of Materials Processing and Die & Mould Technology and 
the Analysis and Testing Center of Huazhong University of Science and Technology for technical assistance. 
 
Funding Statement: The work was financially supported by the National MCF Energy R&D Program (No. 
2022YFE03210400) and the National Natural Science Foundation of China (Nos. 52375335, U22A202494). 
 
Conflicts of Interest: The authors declare no conflicts of interest to report regarding the present study. 

ABSTRACT 
Silicon carbide (SiC) ceramics are widely used in industries such as aerospace, nuclear reactors, heat exchangers, 
concentrated solar power, thermoelectric conversion, and gas turbines due to their superior resistance to high-
temperature oxidation and corrosion, and outstanding chemical stability. The reaction melt infiltration (RMI) 
process achieves densification of microchannel SiC ceramics, which hold significant potential for heat exchanger 
applications. However, the diffusion and reaction behavior of molten silicon is significantly influenced by the pore 
structure of the green bodies, which can easily lead to residual silicon segregation and localized enrichment, thereby 
limiting improvements in the mechanical and thermal properties. Thus, this study combined stereolithography 
with freeze casting to control the pore structure of the green bodies by regulating the growth behavior of ice crystals 
at different freezing temperatures, thereby controlling the distribution of the silicon phase during the RMI process. 
Furthermore, numerical simulations were employed to elucidate the infiltration behavior of molten silicon during 
the RMI process. The results demonstrated that the SiC green bodies prepared using the optimized process 
exhibited uniformly distributed, discrete pores, which facilitated the homogeneous distribution of the residual 
silicon phase during the RMI process, resulting in a bending strength of 289 MPa and a thermal conductivity of 
177.4 W/m·K for the SiC ceramics. Additionally, this technology was used to fabricate SiC ceramics with 
microchannels measuring 450 μm in size. The regulation of pore structures in ceramic green bodies is an effective 
strategy for optimizing the distribution of the silicon phase in microchannel SiC ceramics to achieve synergistic 
improvements in thermal and mechanical properties. 
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