
 
 
ICCES, 2025, vol.34, no.1 

 

 

Copyright © 2025 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.2025.011534 
 

PROCEEDINGS 

High-Temperature Fracture Behavior and Toughening Mechanisms of PIP-
C/SiC Composites: An Integrated Experimental and Phase-Field Study 

Kunjie Wang, Chenghai Xu*, Xinliang Zhao and Songhe Meng 

1Harbin Institute of Technology, Harbin, 150001, China 
*Corresponding Author: Chenghai Xu. Email: hit-xuchenghai@163.com 

 
 
Funding Statement: The authors received no specific funding for this study.” This research is sponsored by National 
Natural Science Foundation of China (Grant No.12090034, S.H. Meng, https://www.nsfc.gov.cn/). 
 
Conflicts of Interest: The author(s) declare(s) no conflicts of interest to report regarding the present study. 

ABSTRACT 
Considering the high-temperature application environment and quasi-brittle characteristics, the high-temperature 
fracture toughness of C/SiC composites is of great significance for the safety application of components in service.  
In this work, the fracture toughness of PIP-C/SiC composites at 25–1600 ℃ in inert atmosphere was tested. The 
test results show that the fracture toughness and modes of C/SiC composites have significant temperature 
dependence and difference in in-plane and out-of-plane orientations. With the rising of temperature, the carrying 
capacity and KIC of C/SiC composites increase first and then decrease, and an inflection point occurs near the 
fabrication temperature. The fracture mode of specimens in the in-plane orientation is mode-I cracks and fiber 
bundles fracture, while in the out-of-plane orientation is mixed-mode cracks. The temperature changes the length 
of fiber pull out for the specimens in the in-plane orientation, and affect the paths of crack propagation for 
specimens in the out-of-plane orientation. In particular, the specimens in out-of-plane orientation show bending 
failure rather than crack propagation at 1600 ℃. 
Based on the phase field method, a high-temperature fracture model considering the effects of residual stress, 
temperature-dependent properties, and interfacial graphitization was established, in order to simulate the 
microcrack propagation at different temperatures. From the numerical results, the cracks deflect at the PyC 
interphase below the fabrication temperature, and it gradually decreases with increasing temperature. Near the 
fabrication temperature, the cracks penetrate straight through the interphase and cut off fibers, and C/SiC 
composites exhibit brittle fracture. In particular, the interphase graphitization leads to long-debonding of the 
fiber/matrix interphase at 1600 ℃ . Crack deflection and interphase debonding are important toughening 
mechanisms of C/SiC composites. Overall, these findings contribute to deeper understanding of the fracture 
mechanism of ceramic matrix composites in high-temperature environments. 
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