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Fabrication of Silicon-Carbide Continuous Fiber Reinforced Carbon
(SiC/C) Composites Using Hot Press Process and the Effects of Fiber
Forms on the Strength

Tong Shik CHANG and Akimitsu OKURA

Synopsis:

Silicon-carbide continuous fiber reinforced carbon (SiC/C) composites was fabricated using a simple hot
press process. Three forms of SiC fiber reinforcement, that is, cloth, mat and unidirectional long fibers
(UD fibers) were employed. Fine pulverized coke mixed with carbonaceous bulk mesophase (BM) was used

as matrix. In this process, SiC fibers were laminated alternately with the matrix admixture in a die, and

then heated to 600°C under a pressure of 49 MPa.
The results were as follows:

(1) The maximum strengths of the composites were the greatest for the UD fiber reinforcements at 121.5
MPa while the cloth and mat reinforcements showed appreciably lower strengths.

(2) After secondary heat treatments at 800°C to 1500°C, the composite reinforced with UD fibers
showed excellent strengths above 106 MPa which were greater than that of an as-fabricated commercial
C/C composite. The strengths of the composites reinforced with cloth and mat, however, were significantly

reduced by the heat treatments.

Key words: composite: SiC/C: hot pressing; fine coke; carbonaceous mesophase; rainforcement; un-

idirectional fiber ; strength.
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Table 1. Typical properties of SiC fiber
(NICALON) *.
Filament diameter 15 um
Cross-section . Rourad

Density 2.55 (g/em
Tensile strength
Tensile modulus
Coefficient of

thermal expansion

18~20% 103 (kg/mm?)
3.1X107%/°C (Parallel to fibers)

250~300Q (kg/mm )

* : From catalog of Nippon Carbon;Ltd.
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Table 2. Kinds of woven structure of SiC fiber used in this experiment and their specification.

Woven structure Warp. fill (yarn count/inch)

Filaments/yarn

Epoxy resin content (%) Weight (g/m?) Thickness (mm)

Cloth ’ 5 1000
Mat — . _
UD — —

0 170 —
0 80 1.0
31 248 ) 0.15

UD : Unidirectional long fibers
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Table 3. Bonding situation of primary products using each forms of SiC fiber with changes of BM content in

matrix and volume fraction ( V) of fiber.

Matrix Forms of SiC fiber
BM Volatile Cloth Mat UD
Coke content matter . . .
Bonding Bonding Bonding
(%) (%) Vi (%) situation vy (%) situation Vi (%) situation
1;2 6 1 gNSIJS 5 <
. 11.8~13. X
40 13.74 20.1~28.6 o) _ _ - -
40.5~49.0 X
o 10.5-19.9 o 5.4~15.2 o 15.9 0
itch coke 60 20.32 20.1
(particle size=3.5um) . 25.6~30.8 O o . o _
40.4~48.1 X
10.8 O 5.5~15.2 @) 10.0~14.3 O
80 26.91 20.2~37.2 O = - 20.4 O
: : : — - 27.9~39.6 X
48.7 X — — — —
90 30.21 — _ _ 14.%526.6 ()3
QO : No cracking X : Non-bonding
< 3 < GOL
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. . \ . o \5‘.
(o] [ 50 *
* -
0 Form of fiber : Mat
3 104 BM content in matrix
L N o [s] 40 %
o . " , O e 60
* 80
— 3 s / \O
< % ©
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S 2 — Pl d"\?. / \:\. * .
[11] ° \
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Fig. 1. Relation between volume fraction (V;) and
bending strength(s), Young’s modulus(E), and appa-
rent density(os) of primary products using cloth.
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Fig. 2. Relation between volume fraction (V) and
bending strength(y), Young’s modulus(E), and appa-
rent density(p,) of primary products using mat.
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Fig. 3. Relation between volume fraction (V;) and
bending strength(s), Young’'s modulus(E), and appa-
rent density(ps) of primary products using UD
fibers.
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A-4:
Polarized light microphoto-
graphs of cross section of SiC/C com-
posites hot-pressed at 600°C and 49
MPa, using UD fibers (BM content =

V;=10%

V,=14.3%
V;=14.3%
V;=27.9%
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Photo. 2. Polarized light microphoto-
graphs of cross section of SiC/C compo-
sites hot-pressed at 600°C and 49 MPa,
using cloth (BM content=60%).
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Photo. 3. Polarized light microphoto-

graphs of cross section of SiC/C compo-
sites hot-pressed at 600°C and 49 MPa,
using mat (BM content=60%).
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Fig. 4. Change of bending strength(s) and appa-
rent density(o,4) of primary products with hot-press-
ing pressure.
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Fig. 5. Change of bending stfength(a), apparent
density (o4), shrinkage, and weight loss of speci-
mens with secondary heat treatment up to 1 500°C.
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Fig. 6. Load-deflection curves of various SiC/C
composites hot-pressed at 600°C and 49 MPa.
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D-2: SHTT=1500°C

Photo. 4. Polarized light microphoto-
graphs of cross section of specimens
secondary heat-treated up to 1500°C on
primary products using UD fibers (BM
content=_80%, V;=14.3%),
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Fig. 7. Change of load-deflection curves of speci-
mens secondary heat-treated up to 1 500°C.
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