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Abstract: Carbon fiber toughened ceramic matrix composites inherit the excellent mechanical properties of car-
bon fibers and the high oxidation and corrosion resistance of ceramics, become the most promising candidate
thermal protection materials for hypersonic vehicles. The high-temperature oxidation mechanisms and damage
mechanical behaviors of carbon fiber toughened ceramic matrix composites in coupled service environments are
important topics in the study of design, property characteristic and evaluation of thermal protection material. This
provides a detailed discussion and summary of the research and analysis methods employed to characterize the
oxidation damage of C/SiC and C/ZrB,-SiC composites in three aspects: High-temperature oxidation mechanisms,
coupled failure experiment, and high-temperature oxidation model. The limitations and applicability of various
research methods are analyzed and evaluated. In addition, the development trend of investigation of oxidation
damage in carbon fiber toughened ceramic matrix composites is provided. It provides guidance for the study of
thermal/mechanical response analysis and performance evaluation of carbon fiber toughened ceramic matrix
composites in the thermal/mechanical/oxygen environment.
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Fig.2 High temperature oxidation behavior of ZrB,-SiC: (a) DNE-TGA was used to analyze the microstructure evolution of ZrB,-SiC after oxidation in air

at 1 600°C for different times'; (b) Scanning analysis results of ZrB,-SiC after oxidation in air at 1 627°C based on SEM and XEDS""';

(c) Schematic diagram of oxidation product evolution model based on experimental results"®!
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Fig.4 High temperature oxidation behavior of carbon fiber and C/SiC composite: (a) Isothermal oxidation mass loss curves of T300 carbon fiber?);

’

(b) Isothermal oxidation mass loss curves of plain C/SiC composite®; (c) Matrix crack provides oxygen channel to induce local fiber oxidation®";

’

(d) Carbon fiber consumption zone formed at the crack tip"*"
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Fig.6 High temperature oxidation behavior of C/ZrB,-SiC composites: (a) Microstructure composition and morphology of oxide layers at different

depths®; (c) Oxidation behavior of axial fibers and transverse fibers in air®!
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Fig.7 Crack closure behavior of C/SiC composites®: ((a), (b)) Crack closure in SiC matrix after high temperature oxidation;

(c) Crack closure leads to improved performance
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Fig.8 Stress oxidation behavior of C/SiC composites!*”: (a) Uniform/non-uniform fiber oxidation coexistence (Normalized stress NS=0.32);

(b) Non-uniform fiber oxidation (NS=0.64); (c) Length changes of C/SiC composites under different stress oxidation mechanisms
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Fig.9 Coupling failure behavior of ceramic matrix composites: (a) Evolution of cracks under tensile load is related to local fiber structure!”;

((b), (c)) Characterization of stress oxidation mechanical behavior and structural characteristics of SiC/SiC based on in-situ Micro-CT"*
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Fig. 10 Impact damage experiment and residual performance study of ceramic matrix composites: (a) Oxidation test and damage characterization of

oxyacetylene on C/C composites and SiC-C/C composites after impact®; (b) Relationship between oxidation mass loss and impact damage area of

coating and C/SiC residual bending properties of composites
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Fig. 11 Macro and meso scale oxidation models of ceramic matrix composites: (a) Macro oxidation model based on different control factors®®; (b) Meso

finite element model of fiber transverse oxidation considering prefabricated cracks'®?; (c) Meso oxidation damage model based on shear lag theory
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Po, —Oxygen partial pressure; VX—Displacement gradient; V p—Density gradient; V T—Temperature gradient; C;;y—Stiffness coefficient;

Kl-j—Therrnal conductivity; Dl-j—Diffusion coefficient; g—Net flux; n—External normal direction; S, S’ —Outer and inner boundaries; V"—Volume
occupied by fibers; V*—Volume occupied by materials other than fibers; p—Length ratio; 7—Number ratio
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Fig. 12 Coupling failure model of ceramic matrix composites: (a) Nonlinear macro micro coupled two-dimensional finite element model*®;

(b) Oxygen concentration calculation'™; (c) Meso model based on Micro-CT?"; (d) Oxidation damage cloud figure simulated by user subroutine'*”;

(e) Failure analysis method combining oxidation kinetics and asymptotic damage models'™"!
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