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Carbon Fiber Reinforced Carbon Composite Produced with Pitch Binder

Kiyoshi SUDANI, Yukihiro SUGIMOTO and Yoshihiko SUNAMI

Synopsis :

The condition to produce carbon fiber reinforced carbon composite (C/C composite) of high performance
by hot-pressing has been investigated. Cutted carbon fiber clothes were dipped into the paste consisting
of 30-40wt% binder pitch, 60-70wt% coke powder and 160wt% ethyl alcohol, so that the content of carbon
fiber in the resulting C/C composite might be maintained at a constant value of about 60wt%. These caron
fiber clothes were stacked in a mold and hot-pressed at the pressure of 8MPa in the temperature range
from 390°C to 520°C. The hot-pressed product was carbonized at 1 000°C under nitrogen atmosphere, fol-
lowed by the graphitization up to 2500°C in argon. The resulting C/C composite has high flexural
strength of 200MPa after a pitch impregnation treatment. It has been also confirmed that adequate
temperature difference between upper and lower dies can effectively suppress the crack formation in the

production of large size C/C composite by hot-pressing, probably due to the easiness of degasing.
Key words : C/C composite ; carbon fiber ; pitch ; hot-pressing ; coke ; graphitization ; strength.
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Table 1. Coke properties.

Elemental analysis (%)

Ash content (%)
C H N S

98.54 0.17 0.29 0.32

0.1

HAF0 63 4F 12 A 21 A %1+ (Received Dec. 21, 1988)

* (EREE T R)RXFHEMF7H (Advanced Technology Research Laboratory, Sumitomo Metal Industries, Ltd.,
16 Oaza-Sunayama Hasaki-cho Kashima-gun Ibaraki pref. 314-02)
*2 (EREEITER) BERREAE (New Business Division, Sumitomo Metal Industries, Ltd.)
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Table 2. Pitch properties.

Pitch Volatilsﬂ matter Softenigg point*
P-1 28 220
P-2 21 265
P-3 20 295
P-4 18 325
P-5 18 Non melt
* Softening point was measured by flow tester
Table 3. Properties of carbon fiber cloth
(W-1103 : Toho Rayon Co.).
Filaments Cloth
Tensile strength | Tensile modulus . ts/Y Density
(GPa) (GPa) Filaments/Yarn (/m?)
3.7 23 1000 125
Carbon fiber Coal tar
cloth Coke pitch
Aceton -—LWoshing' ICrushing] |Crush@
ti
e [ o 52
alcohol
Paste
y
| Dipping
Y
Stacking
[Hot Pressing
— Carbon fiber reinforced
carbon composite
___1lo0o0°C
IPitch impregnuﬁonl [ Grophitizatiou
T
I
|
i
HU, .
2500°C
Carbon fiber reinforced
carbon  composite
Fig. 1. Procedure of carbon fiber reinforced car-

bon composite production by hot-pressing.
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Fig. 2. Hot-press apparatus of 50 mm-diameter.
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Fig. 3. Large-size hot-press apparatus.
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Fig. 4. Softening property of binder pitch mea-
sured by Gieseler plastometer.
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Initial hot-pressing temperature (°C)

Carbon fiber content : 60 wt% Pitch : P-2 Coke ratio : 30 wt%
Pressure : 8MPa Final hot-pressing temperature : 520°C

Fig. 5. Effect of initial hot-pressing temperature
on flexural strength of carbon fiber reinforced car-
bon composite.
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Carbon fiber content : 60 wt% Pitch: P-2 Coke ratio : 30 wt%
Initial hot-pressing temperature : 390°C Final hot-pressing
temperature : 520°C

Fig. 6. Effect of hot-pressing pressure on flex-
ural strength of carbon fiber reinforced carbon
composite.
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Photo. 1. Effect of initial hot-
pressing temperature (Ti) on
microstructure of carbon fiber
reinforced carbon composite.
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Initial hot-pressing temperature : 390°C Final hot-pressing
temperature : 520°C

Fig. 7. [Effect of coke ratio in matrix on flexural
strength of carbon fiber reinforced carbon com-
posite.
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Pitch : P-2 Coke ratio: 30 wt% Pressure : 8 MPa Initial hot-
pressing temperature.: 390°C Final hot-pressing temperature :
520°C
Fig. 8. Effect of carbon fiber content on flexural
strength of carbon fiber reinforced carbon com-
posite.
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Fig. 9. Effect of softening point of pitch binder
on flexural strength of carbon fiber reinforced car-
bon composite.

Table 4. Effect of pitch impregnation treatment
on the product properties.

Impregnation process

Flexural strength

Apparent density

(MPa) (g/em®)
A 130 1.67
B 100 1.65

A : Carbonization (1 000°C)-**pitch impregnation---graphitization
(2 500°C)

B : Graphitization (2 500°C)---pitch impregnation:--graphitization
(2 500°C)
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(a) Impregnation before graphitization
(b) Impregnation after graphitization

Photo. 2. Effect of pitch impregnation on mi-
crostructure of carbon fiber reinforced carbon
composite.

(a) Temperature difference : 0°C
(b) Temperature difference : 130°C

Photo. 3. Microstructure of carbon fiber rein-
forced carbon composite produced by large-size
hot-pressing.
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