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Development of the Carbon Fiber Reinforced Carbon-carbon Composite for
High Temperature Gas-cooled Reactors

Toshiaki SOGABE, Masahiro ISHIHARA, Shin-ichi BABA, Takao KOJIMA", Yukio TACHIBANA",
Tatsuo IYOKU", Taiji HOSHIYA, Toshiharu HIRAOKA™* and Masatoshi YAMAJI*
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Japan Atomic Energy Rescarch Institute
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(Received October 1, 2002)

Carbon Fiber Reinforced Carbon-carbon Composites, C/C composites, have been developed and
extensively studied their characteristics under the research on radiation damage mechanism of
heat-resistant ceramic composite on an innovative basic research on high temperature engineering. C/C
composites are considered to be one of the promising materials for the application of a control rod in the
next high performance high temperature gas-cooled reactors. In the present paper, details of the
development of the candidate C/C composite are described. In the material development, especially,
feasibility of the production, stableness of the supply and cost are much taken into consideration. As the
physical properties of the material, high mechanical strength such as tensile and bending, high fracture
strain and fracture toughness and low dimensional change by neutron irradiation have to be met. The
developed 2D-C/C composite consists of plain-weave PAN-based carbon fiber cloth and pitch derived
matrix. Also, high purification up to the level of nuclear grade was successfully attained in the

composite.

Keywords: Carbon Fiber Reinforced Carbon-carbon Composite, C/C Composite, 2D-C/C Composite,
Control Rod. PAN-base Carbon Fiber, High Punfication, Pitch Impregnation, High Temperature

Gas-cooled Reactor
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Fig4 Tensile stress-strain curves for C/C composites. The effect of sizing agent in the fabrication of the

composite is shown.
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Fig.6 Scanning electron micrographs of CX-270G.
(a) Parallel to lamina, (b) Perpendicular to lamina.
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IFig.7 Secondary electron micrographs of CX-270 i paralel to lamina before and after air-oxidation.
(a) non-oxidized, (b) 2.2mass% oxidized, (¢) 5.5mass% oxidized, and (d) 10.8mass% oxidized.
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Table 2 Effect of filament count on the properties of C/C composite.

Electrical Bending Compressive

Filament count  Bulk-density resistivity strength strength
(/1) (1) (L)

[¢/cm’] (RO m] [MPa) [MPa]
1K 1.54 19.8 153 223
3K 1.67 16.5 152 320
6K 1.65 18.0 170 220
12K 1.53 243 103 177

Table 3 Effect of heat-treatment tempcrature on the propertics of C/C composite.

Electrical Bending Compressive
HTT Bulk-density resistivity strength strength
@) (1) (L)
I'c] [/em’) (uQ-m] [MPa] [MPa]
2000 1.65 18.0 170 220
2800 1.68 6.6 143 122

Table 4 Effect of matrix precursor on the propertics of C/C composite.

Electrical Bending Compressive
Matrix Bulk-density resistivity strength strength
precursor (/) (L) (L)
[g/cm’] [LQ-m] [MPa] [MPa)
Phenolic Resin 1.58 10.2 100 104
Pitch 1.69 6.6 143 122
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Table 5 Impurities of main elements and ash in CX-270G.

- Impurities before purification are also shown for comparison. -
Element CX-270G Before purified ~ Measuring

(mass ppm) (mass ppm) method
Al <0.08 1.1 ICP-AES
B <0.1 03 ICP-AES
Ca <0.04 10 ICP-AES
Fe <0.04 6.9 ICP-AES
K <0.1 04 AAS
Mg <0.02 0.04 ICP-AES
Na <0.05 0.87 AAS
Ni <0.1 05 ICP-AES
Si <0.1 8.2 AM
Ti <0.09 24 ICP-AES
\'/ <0.07 1.4 ICP-AES
Ash <5 49 -

ICP-AES : Inductively Coupled Plasma-Absorption Emission Spectroscopy
AAS: Atomic Absorption Spectroscopy
AM: Absorptiometry
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