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The Fabrication of 3-dimensional High density
Carbon-Carbon Composites

Woo-Cheal Choi*, Sang-Hyo Park*, Kwang-Soo Kim*, Sung-Jae Kim** and Byung-II Yoon**

Abstract

During densification processes of 3-dimensional carbon-carbon composites consisting of
thermal gradient chemical vapor deposition (TGCVD) followed by low pressure pressurized
impregnation and carbonization (PIC) process, the density of the preform was increased from 0.
40g/cc to 1.70g/cc with uniform density profile along with the height and the radial direction of
specimen after TGCVD, and using an impregnation and carbonization process with the pressure
of 10MPa and a graphitization at 2,400T, the density of TGCVD processed specimen was
increased up to more than 1.85g/cc after 3 cycles of these steps. This result is comparable with
that of high pressure PIC at 100MPa. The developed process is considered efficient and
economical.
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Fig. 1. The schematic of 3 dimensional preform in
hexagonal type.
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Fig. 2. The schematic of thermal gradient CVD
equipment.
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Table 1. The component of coal tar pitch produced
by Jung-woo Coal Co.

S.P| QL | TI1 | & |Coking

Ash
resin | Value C/H Content

108.9C|10.90% |31.40% |20.50% |58.60%| 1.64 |0.14%
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Fig. 3. DenSIty profile along with the height of
specimen after thermal gradient CVD
process.

1.60 1 1
0.4 0.6 0.8 1.0
Geometric ratio (r/R)

Fig. 4. Deneuty profile in radial direction of the
specimen after thermal gradient CVD
process.
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Fig. 5. The optical micrograph of the cross section of C/C composites after thermal gradient CVD ; (A) :
carbon rod (z-direction), (B) : carbon rod (u-direction), (C) : carbon rod (w-direction) : x50, under
bright field.
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Table 2. The change of density at each stage of
densification process

A4 1% (g/cc)

=4 Specimen 1 | Specimen 2 | Specimen 3
=& 0.40 0.40 0.40
Rigidization 0.45 0.45 0.45
GFHCVD 1.67 1.69 1.68
13 &3] 1.62 1.62 1.63
12} PIC 1.74 1.73 1.74
2%} Eod3} 1.72 1.73 1.73
2% PIC 1.83 1.81 1.82
33 F43) 1.81 1.81 1.81
3% PIC 1.87 1.86 1.87
HE Hds 1.86 1.86 1.86
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Fig. 8. The comparision of density increase after
densification process according to the
pressure of PIC process.
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Fig. 8. SEM morphologies of C/C composites densified by thermal gradient CVD process and graphitization
treatment of 2,400T ; before graphitization treatment : (a), (b), (c), (d), after graphitization
treatment : (e), (f), (g) ).
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Fig. 8. Continued.
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Fig. 9. SEM morphologies of C/C composites densified by 3 times PIC process followed by thermal gradient
CVD process.
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Fig. 10. The optical micrographs of C/C
composites under polarized light ; (a) :
densified by thermal gradient CVD
process, (b) : graphitization treatment
atter thermal gradient CVD process, (o) :
after 3 times PIC process followed by
thermal gradient CVD process.




