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Study on Improvement of Mechanical Property, Oxidation and Erosion
Resistance of SiC Matrix Ceramic Composites Reinforced by Hybrid
Fabric Composed of SiC and Carbon Fiber

Byungil Yoon*, Myeongju Kim*, Jaesung Kim*, Hyangjoo Kwon*, Sungtae Youn*, Jungil Kim*

ABSTRACT: In this study, C/SiC, SiC¢/SiC and C-SiC{/SiC ceramic composites reinforcing carbon fiber, SiC fiber and
hybrid fiber were fabricated by hybrid TGCVI and PIP process. After the thermal shock cycle, 3-point bending and
Oxy-Acetylene torch test, their mechanical behavior, oxidation and erosion resistance were evaluated. The C/SiC
composite showed a decrease in mechanical property along with increasing temperature, a pseudo-ductile fracture
mode and a large quantity of erosion. The SiC/SiC composite exhibited stronger mechanical property and lower
erosion rate compared to the C/SiC, but brittle fracture mode. On the other hand, hybrid type of C-SiC{/SiC
composite gave the best mechanical property, more ductile failure mode than the SiC/SiC, and lower erosion rate than
the C/SiC. During the Oxy-Acetylene torch test, the SiO, formed by reaction of the SiC matrix with oxygen prevented
further oxidation or erosion of the fibers for C-SiC/SiC and SiC{/SiC composites particularly. In conclusion, if a
hybrid composite with low porosity is prepared, this material is expected to have high applicability as a high
temperature thermo-structural composite under high temperature oxidation atmosphere by improving low mechanical
property due to the oxidation of C/SiC and brittle fracture mode of SiC/SiC composite.
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Table 1. Porosity data of CMC test specimens

Specimen Porosity (%) Average pore dia (nm)
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H 20.01 727
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Table 2. Chemical composition datas by SEM-EDAX analysis

C(wt%) O(wt%) Si(wt%)
1 29.38 2.88 67.75
2 38.24 1.29 39.89
3 31.15 8.99 59.25
4 96.39 3.58 0.03
100
20
£ 80 \‘
£
C
70
60
0 200 400 600 800 1000

Temperature (°C)

Fig. 6. Thermogravimetric Analysis (TGA) of CMC (C, H, S type)
up to 1,000°C at Air atmosphere
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Fig. 8. Photographs of CMC specimens after 3-point bending
test
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Fig. 9. Load vs Displacement curves from 3-point bending test
for 3 types of CMC specimens before and after thermal
shock cycle test at (a) RT and 650 and 950°C respectively
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Table 3. Bending properties of CMC specimens before and after thermal shock cycle test

RT 650°C 950°C
Strength (MPa) Modulus (GPa) Strength (MPa) Modulus (GPa) Strength (MPa) Modulus (GPa)
C 159.8 16.8 107.9 11.3 89.6 10.5
H 127.9 12.1 136.3 16.2 131.3 13.4
S 115.3 31.9 130.5 36.1 123.5 27.1
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Fig. 10. SEM images of 3 type of CMC specimens after thermal
shock cycle test at 950°C
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Table 4. Thermal conductivity measured at RT, 600°C and 900°C
respectively for CMC specimens

Thermal conductivity(w/(m*K))
C(C/SIC) |H(CASIC/SIC)|  S(SIC/SiC)
RT 1.438 1.080 1.414
600°C 1.547 1.545 1.582
900°C 2.052 1.554 1.878

(C) (H) (S)

Fig. 11. Photographs of eroded surface of 3 different CMC test
specimens after Oxy-Acetylene torch test
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Table 5. Ablation rate in weight of CMC materials by Oxy-

Acetylene Torch Test
Type Material Mass ablation rate (g/sec)
C C/SiC 0.00184
H C-SiC/SiC 0.00168
S SiCy/SiC 0.00072
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Fig. 12. Surface temperature recording for 30 s ablation test of
3 kind of CMC specimens
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Fig. 13. Ablation morphologies of CMC reinforced with carbon
fiber (a), SiC fiber (b) and hybrid fiber (c) by Oxy-Acetylene
torch testing
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