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Fabrication of Unidirectional Long Carbon Fiber Reinforced Carbon (C/C)
Composites Using Hot Press Process and Their Strengths

Tong Shik CHANG and Akimitsu OKURA

Synopsis:

Carbon fiber-carbon matrix (C/C) composites were fabricated using a simple hot press process. The ma-
trix was prepared from a fine pulverized coke mixed with a carbonaceous bulk mesophase (BM). The fibers
were epoxy-resin-impregnated unidirectional long carbon fibers (UD fibers). The maximum temperature and
pressure in the hot press process were 600°C and 49MPa, respectively.

The resalts were as follows : )

(1) When one type of fiber (UD-1) was used, the maximum strength was 119 MPa at a BM content of 70%
in the matrix and the volume fraction of the fiber, V;= 30%. When reinforced by another type of fiber
(UD-2), the maximum strength reached 130 MPa at a BM content of 80% and a V;= 46.4%. Both the
strengths exceeded that of a commercial C/C composite.

(2) The composites reinforced by UD-2 showed a maximum strength which decreased to 80 MPa after a
secondary heat treatment at 700°C to 1 500°C.

Key words: composite; carbon-carbon; hot pressing; fine coke; carbonaceous mesophase; reinforcement;

unidirectional fiber; strength.
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Table 1. Proximate analysis, properties, and
particle size of pitch coke (a) and bulk mesophase
(b).
(a) Pitch coke
Fixed* Ash* Volatile* Apparent True** Particle
carbon S matter densi%v densitg size
(%) (%) (%) (g/em”) (g/cm®) (pm)
99.15 0.29 0.56 1.370 2.002 3.5
(b) Bulk Mesophase (BM)
Volatile™* Particle
Type matter Ql C/H size
(%) (%) (mesh)
Petroleum 33.5 68.4 1.72 20~60

*.ByJISM8812  ** .ByJISK 2151

Table 2. Standard specification of unidirectional
long carbon fiber prepreg sheets impregnated with
resin”*.

) Epoxy resin Thickness
Kinds Brands content (%) (mm)
UD-1 RM-125 37.5+2.5 0.125
uUD-2 RM-200 35+2.5 0.2

* . From catalog of Nippon Carbon, Ltd.
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- cutting
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FINAL PRODUCTS
( size= 50 X 50 X about 5 mm)

Fig. 1. Fabricating process of Carbon-Carbon
composites.
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Fig. 2. Hot pressing conditions.

Kind of long fiber = UD - 1
Fiber volume fraction=7.5 ~ 8%

( Hot pressing conditions )
o3 I

Omax ( MPa)

5 70

BM content in matrix (%)

Fig. 3. Relation between BM content in matrix
and bending strength ( ¢ ,,,) of primary products
molded by each hot pressing conditions.
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Table 3. Bonding situation of primary products
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& @, .
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Fig. 4. Relation between volume fraction (V;) and
bending strength (0,,..), young's modulus (E), and
apparent density (0,) of primary products.

(2) BM content=70%, V;=38.5% {Kind of long fiber = UD -2)
BM content in matrix
(b) BM content=280%, V;=55.1% 15&' —— : Commercial C/C composite o—0 70 %

Photo. 1. Generating situation of non-bonding ~ 1o a— g

parts at boundary between matrix and fibers on a °§: 120 ‘/‘3"‘:_‘/‘ :: 100

C/C composite end faces using UD-2 fibers. 1 r _ @MA
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A-1: V;=19.9%

A-3: V;=46.4%
Photo. 2. Polarized light microphotographs of a
C/C composite cross section using UD-2 fibers
(BM content=_380%).

A-2: V;=30.7%
A-4: V;=55.1%
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Fig. 6. Change of weight loss, apparent density
(24), and bending strength (g,,.,) of primary prod-
ucts with hot-pressing pressure.
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Fig. 7. Change of bending strength (g,,..), appar-
ent density (04), shrinkage, weight loss of speci-
mens with secondary heat treatment up to 1 500°C.
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Photo. 3. Polarized
cross section of specimens secondary heat-treated
on primary products using UD-2 fibers (BM con-
tent=280%, V;=30.7%)
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