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Tensile properties and fracture toughnesses of carbon-fiber

felt reinforced graphite at high temperature.

Sennosuke SATO Akira KURUMADA® and Hidehiko IWAKI™

Abstract — Two kinds of carbon felt reinforced graphite of pitch fiber (C./C—A) and
of PAN fiber (C/C—B) were developed to improve the fracture mechanical properties of

regular grade graphite. This paper deals with the tensile properties and the fracture toughness

values of these composites are determined as a function of temperature up to 2400°C. These results

are compared with those of carbon fiber reinforced carbon composite of rayon fiber cloth (C/C—

C) and a fine grain isostatic graphite (IG—11) and these distinctive features are discussed.
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specimen C/C-A*1{C/C-B*2|IC/C-C*3 |IG-T1*"

Carbon fiber pitch PAN rayon -
Heat treat. tem. (°C){ 3000 3000 3000 3000
Bulk density (g/cm3)| 1.68 1.77 1.57 1.76
Young's modulus

E (GPa)| 13.5 26.3 17.0 10.5
Bending strength

Ob (MPa)| 65.7 96.9 - 39.6
Electric resistivity
o (uo-cm)| - 400 - 1274

*l:pitch carbon fiber felt reinforced.
*2:PAN carbon fiber felt reinforced.
*3:rayon carbon fiber satin cloth reinforced.
*%:fine grain, isostatic mold graphite.

Table 1 Physical properties of specimens.
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Fig. 1 Shapes of specimens.
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Fig. 2 Load-elongation curves in the tensile
testings of C/C composites (A and
B) at high temperature.
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Fig. 3 Young’s moduli of three C./C com-
posites and ‘a graphite IG-11 at
elevated temperature.
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Fig. 4 Tensile strengths of three C./C
composites and a graphite IG-11 at
elevated temperature.

Photo. 1 Fracture appearances in the tensile
strength testings of C//C compos-
ites(A and B).
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Fig. 5 Load-elongation curves in the frac-
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Fig. 6 Fracture toughness values of three C
/C composites and a graphite IG-11
at elevated temperature.

Photo. 2 Fracture appearances in the frac-
ture toughness testings of C ./ C
composites (A and B).
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Fig. 7 Equivalent crack length of three C./
C composites and a graphite 1G-11
at elevated temperature.
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Table2 BLLEDHRA—FE LI bDTH B,

composites and a graphite IG-11.
AxL B* C*

Y(g/cm3) [ 1.68 | 1.77 | 1.571 1.76
E(GPa) | 13.5] 26.3 | 17.0] 10.5
Hyv(MPaP| 135 163 - 172
Ip(MPa) | 65.7 | 96.8 - 39.6

Bulk density

Young’s modulus
Vickers hardness
Bending strength

Tensile strength R.T, | 35.7 | 55.4 68 28
Oy (MPa)| 800°C | 43.4 | 65.4 88 30

1600°C | 42,0 | 50.4 102 37

2400°C_62.7 { 83.0 111 44

Fracture toughness R.T. | 2,96 | 3.44 4.0 0
KIe(MPaml/2)| 800°C | 2.82 | 3.58 5.5 0.8
1600°C | 4.64 | 6.75 6.1 1.0
7.0 1.9
8.0

2400°C | 5.30 [ 12.9
62.4 | 56.6 - 43.

Thermal diffusivity

K (mm?/sec)

Thermal shock resistance

A (w/mm)

Tisigiiezgoc}‘ fga(‘it;;?/z) %779 | =805 |»856 | 33x3

*1 pitch C/C composite.*3 2D rayon C/C composite.
*2 PAN C/C composite. *4 Load 5kg.

>148 | >155 | >171| 50z6

Table 2 Experimental results of three C/C
composites and a graphite IG-11.
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