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In-situ grown carbon nanotubes and their applications for
SiC¢/SiC composites
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Abstract: Carbon nanotubes (CNTs) were incorporated in the matrices to change the surface microstructure of SiC fiber
and ameliorate the interfacial bonding between SiC fiber and SiC matrix, as well as acting as a bridge to secondly
reinforce SiC¢/SiC composites. CNTs-SiCy¢/SiC composites were successfully fabricated by in-situ growing CNTs directly
in the composite performs via a chemical vapor deposition(CVD) process followed by polymer impregnation and
pyrolysis (PIP) routes densification. The effects of carbon resource (C,H,) flux, reaction temperature and reaction time on
properties of CNTs were studied, the technics and growth mechanism of CNTs were investigated. Finally the effect of
in-situ grown CNTs introduction on the mechanical properties of the CNTs-SiC{/SiC composite was discussed. The
results indicate that optimized parameters for CNTs growing are as follows: reaction temperature 750 “C, reaction time
60 min, flux ratio of C,H, to H, to N, 1/1/3 and C,H, flux 100—150 mL/min. As a result of the introduction of CNTs,
flexural strength, flexural modulus and fracture toughness of SiCy¢/SiC composites are increased by 16.3%, 90.4% and
106.3%, respectively.
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Fig.1 Morphologies of CNTs at reaction temperature 750 “C, reaction time 60 min and different C,H, fluxes: (a) 50 mL/min;

(b) 100 mL/min; (¢) 150 mL/min; (d) 200 mL/min
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Table 1 Thermal analysis and Raman spectrum results of CNTs under different C,H, fluxes

C,H, flux/(mL-min ") t/°C 1t/ C Ro/% I/l FWHM(D)/cm ' FWHM(G)/em™'
50 523.6 619.4 47.8 0.773 135 84
100 517.6 609.6 51.3 0.804 140 88
150 508.4 600.3 54.9 0.845 141 89
200 4813 568.4 60.2 0.977 159 94
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Fig.2 Morphologies of CNTs at C,H, flux of 100 mL/min, reaction time of 60 min and different reaction temperatures: (a) 600 C;

(b) 650 °C; (c) 700 °C; (d) 750 °C; () 800 C; (f) 850 C
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Table 2 Thermal analysis and Raman spectrum results of CNTs at different reaction temperatures

Reaction temperature/'C #/°C t/C R/% In/ls FWHM(D)/cm' FWHM(G)/em™'
600 402.5 462.4,510.1 68.2 1.247 185 124
650 436.1 485.3,532.5 63.8 1.134 169 108
700 4783 570.9 55 0.984 149 95
750 517.6 609.6 51.3 0.804 140 88
800 510.5 600.8 54.2 0.914 141 92
850 491.9 593.3 62.7 1.089 171 99

OO N
B3 WA 100 mL/min, SR 750 C KA S S ) A KR BR N KA TS0
Fig.3 Morphologies of CNTs at C,H, flux of 100 mL/min, reaction temperature of 750 ‘C and different reaction times: (a) 15 min;
(b) 30 min; (c) 60 min; (d) 120 min

=3 AN R HT 2 Raman il 25 R

Table 3 Thermal analysis and Raman spectrum results of CNTs at different reaction times

Reaction time/min #/°C t/C RJ/% In/ls FWHM(D)/cm ' FWHM(G)/em'
15 545.7 631.5 60.1 0.746 114 78
30 525.4 613.6 51.8 0.785 125 78
60 517.6 609.6 51.3 0.804 140 88

120 497.4 586.2 56.3 0.925 146 95
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Fig.4 Morphologies of in-situ grown CNTs on SiC fiber
surface: (a) Overall view; (b) Enlargement of area A;
(c) Enlargement of area B
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Fig.5 TEM images of CNTs: (a) CNTs with catalyst particle;
(b) Bamboo-like CNTs

2.3 CNTs-SiCy/SiC E &#RIE 1 F M5 SRMLEH

K 4 B R A KB AR 1T R A O R
AU 2EPEREM A . RS 1 AR IR G K 1
SiCySIC EAMRL, 2 ity o fE 70 25 i A5 49 il o
323.10 MPa i1 87.03 GPa, WiZ#I¥t 4 11.22 MPa-m'?,
B 2 W AT A KRR E TE M S G kL, &I



2656 A G A R

2011 4 10 H

R4 RYPOKEXS SICYSIC RARREE FEAN 22 PERE IR

Table 4 Effects of CNTs on density and mechanical properties of SiC¢/SiC composites

Sample  Density/  Porosity/ Volume fraction of  Flexural strength/ Flexural modulus/ Fracture toughness/
No. (grem™) % CNTs/% MPa GPa (MPa'm'?)
1 1.97 8.8 0 323.10+£10.51 87.0319.01 11.2240.54
2 1.84 9.7 5.31 375.45+£12.30 169.54+10.51 23.15+1.46
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Fig.6  Fracture morphologies of SiC¢/SiC composites:
(a) SiCySiC composites without CNTs; (b) CNTs-SiCy¢/SiC

composites
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Fig.7 Pullouts of CNTs at fracture surface of CNTs-SiCy/SiC

composites: (a) Overall view; (b) Interface area
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