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Effect of carbon fiber content on compositional structure and
properties of reaction-sintered B,C composites

HE Wei,HE Xiaodong,GU Yanju,HU Xiaoyan,ZHANG Yudi’

(College of Materials Science and Engineering, Hunan University , Changsha 410082, China)

Abstract: In this study, B,C-C green containing carbon fibers are prepared by hot pressure molding process
used carbon fiber, boron carbide powder, and graphite powder as raw materials, phenolic resin as molding
agent, wherein, carbon fiber and powder are dispersed through shear mixing. Then B,C composites
(RBBC) are prepared by reaction sintering of B,C-C green at 1550 “C. The influence of carbon fiber
content on the density, composition, structure, and mechanical properties of composites is studied. The
results show that the RBBC has the best synthetic property when the volume fraction of carbon fiber
reaches 5% in the green. The bending strength, fracture toughness, elastic modulus, and hardness reach 453
MPa, 6.7 MPa-m"?, 349 GPa, and 23.5 GPa, respectively. Carbon fiber partially reacts with silicon as a
"slow-release" carbon source during the reaction sintering process, slowing down the reaction rate, avoiding
material cracking and deformation during the reaction sintering process. It is also helpful for reducing the
size of Si islands and content of residual Si in composites, refining the SiC grains generated by the reaction.
Key words: carbon fiber; boron carbide ; carbon source ;reaction sintering ; enhancement mechanism
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Table 1  Composition and density of B,C-C porous blanks

Volume fraction/ %

Density/  Porosity/
Sample ) Resin 5
C; Graphite  B,C (grem™) %
carbon

CFO 0 16.0 44 6 1.541 34.0
CF5 5 11.8 44 6 1.541 33.2
CF10 10 7.6 44 6 1.540 32.4
CF15 15 3.4 44 6 1.540 31.6
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Fig.1 X-ray diffractograms and local enlarged view of RBBC composites with addition of non-content fibers
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Table 2 Density and residual silica of RBBC composites with

different contents of fibers added

Density/ Volume fraction of Open
Sample 5 ) ) )
(grem ™) residual Si/ % porosity/ %
CFO 2.72 14.6 2.10
CF5 2.80 11.0 0-0.10
CF10 2.79 11.7 0.15
CF15 2.75 13.2 0.80
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Fig.2 Surface morphology of ceramic green body with 5%

short carbon fiber addition
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Fig.3  Sectional morphology of RBBC materials with fiber additions ranging from 0% to 15%
(a)CFO0;(b)CF5;(¢)CF10;(d)CF15
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Fig.4 Microscopic morphology of CF5 samples at the original fiber before and after Si removal by acid etching

(a)before silicon etching; (b)after silicon etching
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Fig.5 "Core-shell" structure formed by fibers in RBBC materials
(a)sample fracture; (b)fiber state; (¢)EDS analysis
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Fig.6 Mechanical properties of RBBC materials with different fiber contents

(a)flexural strength and modulus; (b)fracture toughness; (¢)hardness
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Fig.7 Fiber morphology at the fracture of RBBC material
(a)fiber break; (b)fiber pull-out; (¢ )debonding
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