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Effect of Graphite Powder Addition on the Mechanical
Properties of Carbon/Carbon Composites
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ABSTRACT

Effect of graphite powder addition on the mechanical properties of carbon fiber reinforced carbon com-
posites (C/C composites) was investigated. Greenbody (G/B) with 0~30wt.% graphite powder addition to
phenol resin was prepared and carbonized at 1000 to make C/C composites. Flexural strengths of
20wt.% graphite powder additions showed maximum values in the both case of G/B and C/C composites.
But, at the graphite addition over 20wt.%, there was negative effect due to the matrix inhomogeneity.
Flexural strength of cured resin without graphite powder was higher than that with graphite. However,
flexural strength of carbonized resin with graphite increased three times as much as that of carbonized
resin without graphite. Because the addition of graphite powder effects the restraint of shrinkage after car-
bonization and the deflection of crack path. In Mode [ ENF test, energy release rates(Gy) of G/B and
C/C composites with the 20wt.% addition of graphite were both increased. But, the addition of graphite
was more effective to the increase of G| in C/C composites than that in G/B.
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Table 1. Specification of carbon fiber

Fiber Type Density | Diameter
(Toray) | P | (@em) | @m)
BESHIGHT High
1.72 ~
W3121 6K strength 7 &1

Table 2. Specification of carbon fabric

Areal

Fiber . Thickness
(Toray) Weave density (mm)
Y (g/m)
BESHIGHT | 8H-Satin
W3121 (Toho) 380 0.38
Table 3. Specification of phenolic resin
Carbon Solid
Type Phase contents contents
(%) (%)
Light
CERABOND
CB 8052 brf)wr?ed 41~45 68~72
liquid
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Fig. 1. Dimensions of End Notched Flexure (ENF) specimen
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Table 4. Changes in bulk density of G/B and C/C with the
amount of graphite powder addition

Powder Bulk density | Bulk density
contents of G/B of C/C
(wt.%) (g/cmz) (g/cmz)

0 1.44 1.30

10 1.48 1.30

20 1.50 1.32

30 1.50 1.32
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Fig. 2. Changes in flexural properties of G/B with the amount of
graphite powder addition
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Fig. 3. Cross-sections of G/B showing the dispersion of
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10wt.%, (b) 20 wt.%, and (c) 30wt.%
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Fig. 4. Changes in flexural strength of C/C with the amount of
graphite powder addition
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Fig. 5. SEM photographs of fracture surfaces of C/C at (a) Owt.%, (b) 10wt.%, (c) 20wt.%, and (d) 30wt.%
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Table 5. Flexural strength and shrinkage of cured to solidification
carbonized resin with 20wt.% addition of graphite powder

Powder Flexural | Flexural | Carboni-
content | strength of | strength of |  zation
(Wt.%) | cured resin | carbonized | shrinkage
(MPa) |resin (MPa) (%)
0 211 10.7 18
20 124 36 9
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Fig. 6. Fracture toughness of G/B with the amount of graphite
powder addition
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Fig. 7. SEM photographs of fracture surfaces of G/B in Mode Il delamination at (a) Owt.% and (b) 20wt.%
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Fig. 9. SEM photographs of fracture surfaces of C/C in Mode Il delamination at {a) Owt.% and (b) 20wt.%
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