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Abstract: Carbon/carbon (C/C) composites exhibit extensive application prospects in critical fields such as aerospace,
automotive, energy and national defense due to their excellent mechanical properties, high-temperature stability and light-
weight/high-strength characteristics. However, their susceptibility to oxidation in high-temperature oxidizing environments
significantly limits their broader application. To overcome this bottleneck, researchers are actively exploring various surface
protection strategies. Notably, silicon-based ceramic coatings, particularly silicon carbide (SiC) coatings, have emerged as
a prominent research focus owing to their outstanding chemical stability, superior oxidation resistance and cost-effectiveness.
Current primary preparation techniques for SiC coatings include chemical vapor deposition ( CVD), pack cementation
(PC), gas silicon infiltration ( GSI) and thermal spraying. This paper comprehensively reviews the research progress of
these four methods for SiC coatings on C/C composites and discusses future development trends.
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Fig. 1 Principles schematics of different methods to prepare SiC coatings: (a) chemical vapor deposition (CVD) and pack cementation (PC) (6],

(b) gas silicon infiltration ( GSI) (712 (¢) thermal spraying method!'*!
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Fig. 2 SEM images of SiC coatings prepared at different deposition temperalures[lg] . (a)950 °C, (b)1000 °C, (¢)1050 °C, (d)1100 °C,

(e)1150 °C, (£)1200 °C, (g)1300 °C
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Table 1 Composition of the oxidizing atmospheres'*"’

Oxidizing atmosphere 0% 10%  20%  30% 40%  50%

H, O content 0 0.1 0.2 0.3 0.4 0.5

Oxygen content 1 0.9 0.8 0.7 0.6 0.5
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Fig. 3 Surface SEM images of CVD-SiC coatings after oxidation at 1500 °C for 50 h in different oxidizing atmospheres ( Table 1) (24
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Fig. 4  Cross-section SEM images of SiC coatings[33]; (a) PC-SiC
coating, (b) CVD-SiC coating
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Fig. 5 Schematics depicting the growth process of the SiC-Si coating on graphite without preoxidation (a) and with preoxidation (bh) *!
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Fig. 6 Surface SEM morphology of PC-SiC-Si coating (a) , cross-section backscattered electron image of PC-SiC-Si coating (b) , EDS map-scanning el-

emental analysis of Fig. 6b (¢, d) ; surface SEM morphology of the GSI-SiC-Si coating (e) , surface EDS analysis of spot A and spot B in Fig. 6e

(f, g), cross-section backscattered electron image of GSI-SiC-Si coating (h) (4]
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AR
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Fig. 8 Surface SEM morphology of the SiC coating after ablation for 420 s at 2200 C[*1; (a) overall morphology, (b) particles sintering densifica-

tion zone, (c) pore zone, (d) surface-adhered glass phase
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Fig. 9  Macroscopic ablation morphology of ZrB,-MoSi,-SiC coating after ablation at 1750 °C for 40 s (a), XRD pattern before ablation (b) ,

XRD pattern of ablation center region and edge region (c) (4]
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