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Abstract 4D carbon/carbon composites were fabricated by impregnating 4-directional carbon fiber preforms with
polyfurfuryl alcohol and coal tar pitch, respectively, and by depositing pyrolytic carbons using CVI(Chemical Vapor In-
filtration) method on the preform. The ablation characteristics of these composites were investigated and compared by
performing arc plasma torch and ground static tests. The porosity of 4D carbon/carbon composites decreased as the
density increased. The ablation resistance of 4D carbon/carbon composites was good when the density was high. 4D
carbon/carbon composites with the CVI-pitch based matrix showed superior ablation resistance to other 4D carbon/
carbon composites. The ablation behavior of 4D carbon/carhon composites largely depended on their matrix type, den-

sity and porosity.
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Fig. 1. Schematic flow chart for the preparation of 4D carbon/
carbon composites.
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Table 1. Density and Porosity of 4D Carbon/Carbon Composites

Characteristics Density Porosity
Material Type (g/cm?) (%)
4C 1.60 13.9
4R 1.62 09
Graphite 178 17.8
4CP 1.80 46
4P 1.80 49

4C : CVI based 4D C/C, 4R : Resin based 4D C/C,

4CP : CVI-Pitch based 4D C/C, 4P : Pitch based 4D C/C
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Fig. 2. Pore diameter vs. Incremental Pore volume of 4D carbon
/carbon composites
(a) Resin based C/C, (b) Graphite, (¢} CVI-Pitch based C/C.
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Fig. 3. Erosion rate vs. density of 4D carbon/carbon composites
after arc plasma torch test.
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Table 2. Ablation Results of 4D Carbon/Carbon Composites after Ground Static Test

Characteristics . Coefficient .
) ) Burning ) Erosion
Density Porosity Pressure . Roundness | of Erosion
. Time . Rate
(g/cm®) (%) {psi) (mm) (10~ *mm* *
. (sec) (mn/sec)
Material type sec - psm" *‘)
4C 1.60 13.9 1540 2.06 0.32 1.563 0.277
4R 1.62 0.9 1655 1.96 0.29 1.673 0.291
Graphite 1.78 17.8 1627 2.02 0.16 0.347 0.059
4CP 1.80 4.6 1586 2.04 0.37 0.206 0.034
4P T 1.80 49 1678 B 1.96 0.32 0.813 0.115
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Fig. 4. SEM photographs of the eroded area of 4D carbon/car-
bon composites after ground static test

(a) Resin based C/C, (b) CVI based C/C,

(c) CVI-Pitch based C/C, (d) Pitch based C/C, (e) Graphite.
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