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Mechanical Properties of Carbon Fiber/Si/SiC
and Carbon Fiber/C/SiC Composites

D.W. Shin*, S.S. Park*, K.D. Kim* and S.M. Oh**

ABSTRACT

Carbon woven fabric/C/SiC composites were fabricated by multiple impregnations of carbon woven
fabric/carbon preform with the polymer precursor of SiC, i.e., polycarbosilane. In addition, two kinds of
low density carbon/carbon preforms which had different fiber volume fraction and fiber orientation, i.e., a
carbon woven fabric(=55 vol%)/carbon and a chopped carbon fiber(=40 vol%)/carbon composites, were
reaction-bonded with a silicon melt at 1700 in a vacuum to fabricate dense carbon fiber/Si/SiC
composites. The reaction-bonding process increased the density to ~2.1 g/cm’ from 1.6 g/cm’ and 1.15
g/cm’ of a carbon woven and a chopped carbon preforms, respectively. All of the composites fractured
with extensive fiber pull-out. The higher the density the higher the stiffness and proportional limit stress.
The mechanical properties obtained from a three-point bend and tension tests were compared. The ratios
of the peak tensile stresses to the bending strengths of a carbon woven and a chopped carbon composites
were about one-third, respectively. The carbon woven fabric/Si/SiC composites with density of 2.06
g/cm’ showed ~120 MPa of ultimate strength and ~80 MPa of proportional limit in bend testing.
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Fig. 1. Fabrication procedure of the C woven(=55 vol%)/C and
chopped C(=40 vol%)/C preforms and the reaction-
bonded C/Si/SiC composites by subsequent Si
infiltration. The carbon woven/C+SiC composites were
fabricated by five time impregnations of polycarbosilane
into the G woven/C preform.
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Fig. 2. Gonfigurations of (a) tensile specimen and {b and ¢)
aluminum fixture, and (b) a fracture occurred within the
necked gauge-length in tension tests
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Fig. 3. XRD patterns of (a) as-received carbon fiber, (b) C/C
preform and (c) reaction-bonded specimen and (d)
impregnation of PCS specimen for (A) C woven fabric
and (B) chopped G fiber composites, respectively. The
constituents of reaction-bonded composites are §—SiC,
Si and carbon.
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Fig. 4. SEM micrographs of (a and ¢) C woven/C preform and(b and d) reaction-bonded C woven/Si/SiC composites showing the
efficient filling of both micro-pores(arrow mark in(a)} and macro-pores during the infiltration of Si melt.
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Fig. 5. TGA curves obtained from two different heating
conditions in flowing air atmosphere, i.e.,(a and d)
heating up to 1400 with a rate of 10°¢/min and(b and
¢) maintaining at 1300 for 2h upon heating up to 1300
't with same heating rate. The weight residue of
reaction-bonded C woven/Si/SiC composites is about
45%
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Fig. 6. SEM micrograph and XRD pattern taken for the
reaction-bonded C woven/Si/SiC specimen after heat-
treating at 1300 for 2 h in air atomsphere showing a
number of spherical holes left bycarbon fibers
decomposed and the peaks of crystalline SiO,
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Fig. 7. Flexural strength-deflection curves of C/C preform,
reaction-bonded and PCS impregnated composites
showing the increase of proportional limit(arrow mark)
and stiffness with increasing the density
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Fig. 8. Typical fracture surfaces of bending specimen showing extensive fiber pullout
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Fig. 9. Comparison of (a) flexural strength-deflection and (b) tensile strength-extension curves for the reaction-bonded C woven and
chopped C composites showing a significant decrease of tensile strength and tensile proportional limit(arrow mark)

Table 1. Flexural and Tensile Properties of the Carbon Woven Fabric and Chopped Carbon Fiber Composites

Property Ave Flexural Propertics Tensile Properties
Carbon Fibre , ) Peak Proportional |  Work of Peak Proportional
. Processing density .. .
Composite 3 stress limit fracture stress limit
Fbe | Matmix Em) | opy | oM | ) | e Py | oMY
Woven E C - Pitch Impr.eg. 1.61 50 +2 27 +2 }1.15 £0.09 - -
(=55 vol%); Si+S_1C Si Infiltration 2.06 118 +9 785 ]1.65+022] 44+3 32 £2
« C+8iC | 5xPCS Impreg. | 1.90 120 +8 73 +4 [6.40 +0.65 - —
Chopped | C Pitch Impreg 115 18 +3 1343 |0.24 £0.04 - -
(=40 vol%)i " Si+SiC Si Infiltration 2.14 102 +7 76 £5 1073 £0.21| 24 +3 18 +2

The standard deviation of density is about + 0.02. The data from at least five specimens were averaged for each value of mechanical

property.
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