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MR 25 MEREA 1000 °C P48 AL T BE 73 31 T K 12
Ths Li ZEPOMRGE T SiC 4K ik AR 3 R 4T 4 5 &
MORE, IR A AR SIC gRER kS, MRS il
Pk BEFHE 46 Mk BB 1 B B AR T AR, B T
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Fig.1 = Schematic diagram of anti-oxidation low density carbon bonded carbon fiber composite: (a) CBCF, (b) PyC-CBCF, and

(c) oxidation coated PyC-CBCF
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K 2
Fig.2 SEM images (a~c) and EDS analysis (d) of carbon fibers after CVI for different time: (a) 20 h, (b) 60 h, (¢) 210 h, and (d) EDS

spectrum corresponding to spot A in Fig.2¢c
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Fig.3 Effect of different CVI time on mechanical properties of CBCF: (a) tensile strength and compressive strength; (b) tensile modulus
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Fig.4 SEM morphologies of as-prepared anti-oxidation coating on CBCF: (a) low magnification; (b, ¢) high magnification of the marked

areas in Fig.4a; (d, e) EDS spectra corresponding to spot 1 and spot 2 in Fig.4b

© HfB, vHfSi
o SiC
o C

o Si

Intensity/a.u.

20 50 60

20/°)
5 AR L AT 4 2 A MR A R S LR TH UL R JZ XRD

Fa it

Fig.5 XRD pattern of the CBCF matrix and prepared coating
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Table 1 Oxidation resistance of as-prepared CBCF

Sample Temperature/ Time/s Mass ablation rate/ x
p C 107°g-(cm™s)”!
1 1700 600 1.1
2 1750 300 1.5

WIS AR, BICEESTEBAER T, 8
AR BORL & AR X ) AR R TR, ARSIl
D} S B R TR (B 7o), B P 4 20 s
T, A S s PR — 553 1) A R I sk
DB B 7dD, 3 Re il 4 B & B A A R AR I
R T BRI oy FEAAR R], R4 7 Lh 20 1:2,
X5 1700 ‘C/600 s Stk 5 2 i A ek 1 F6 HOpL )
AL IR AL 2R AL

AR OIS B 3k b, 23— Ak 5 1
B A5 A B R EAT T 2 B Ao . &5 R0, 1
1700 A1 1750 °C 2 Ffifih J& N 8L 2 IO0 25 Ky He AR 2
Bh, R 5 R AR ) DR FF IR AF N I R TR
BT BN 2 JE BT RIS . BAR AN ) 3
e TH B0 B AR SN Z A B0 S A kAR A AR TR
K2 VLS B AR FE A L Z 2 . B 8 %Ak
Jo LR B T OW IE SR . AT LG 3R 2 A A Rk R
a5 (K 8b), JEEZ) 50 pm, K#E 2N A S AL
BIRAE (B 8c), B % K T R [A] ) RE K,
BT B B i S A B AE IR S N, B H#ifE R
FES, MAARXMEREES S AR M. Hi
B R e T LAV MG Y, I TR 4 A0 S B AR 247
WA N RIZBCEMEMA BN NIRRT
OGO P R e R A R, HOBRE R AL S
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Fig.6 Surface SEM images (a~c) and EDS spectra corresponding to spot 1 and spot 2 (d, e) after oxidation at 1700 ‘C for 600 s

Si Spot 1 ¢ Si Spot 2 f
5
g Element /% at% Element w/% at%
2] C 14.76 24.61 C 20.04 34.73
8 0 4137 5177 0 3176 4132
R Si 30.81 21.96 o Si 29.18 21.62
C A —
T T T T T I I e m [RARA RN RN RRA RN RN RRRRRRA NN RRARARRRNA RN ARRRRA NI
0 2 4 6 8 10 0 2 4 6 8 10
Energy/keV Energy/keV

7 1750 ‘C%4k 300 s J5 R HHOW 3 K EDS g% 4 bt

Fig.7 Surface SEM images (a~d) and EDS spectra of corresponding to spot 1 and spot 2 (e, f) after oxidation at 1750 ‘C for 300 s
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Fig.8 Cross-section SEM images after oxidation at 1700 ‘C for 600 s: (a) low magnification; (b) dense layer of about 50 um; (c¢) SiO,

embedded with HfO, layer; (d) interface between the inner oxidation layer and the CBCF matrix
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WAL R AR A R PR PR RE 1 EZE R A
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High Temperature Oxidation Resistance of Low Density Carbon Bonded Carbon Fiber
Composite

Xu Lin', Wang Shuhao?, Cai Dongxu', Wu Kun', Li Xingchao', Li Tonggi', Feng Zhihai', Zhang Dahai'
(1. Science and Technology on Advanced Functional Composite Laboratory, Aerospace Research Institute of Materials &
Processing Technology, Beijing 100076, China)

(2. Military Office of Rocket Army in 211 Factory, Beijing 100076, China)

Abstract: Low density carbon bonded carbon fiber (CBCF) composites are thought to be attractive candidates for thermal insulation
applications in aerospace due to their unique properties such as low density, high temperature stability and low thermal conductivity. In the
present work, an anti-oxidation low density carbon bonded carbon fiber composite was designed and fabricated for high temperature
application. Firstly, PyC coating was deposited uniformly on the surface of carbon fibers to improve the mechanical properties of CBCF
through CVI process. After deposited for 210 h, the tensile strength and pressure strength in thickness are increased by 275% and 341%,
respectively. Then, a dual-layer coating was designed and prepared to improve the oxidation resistance of CBCF. High temperature
oxidation properties at different temperatures were tested by a high temperature muffle furnace in air. The results show that the
as-prepared oxidation coating can protect composites effectively under high temperature oxidation conditions. After oxidation at
1700~1750 °C for 300~360 s, the mass ablation rates are about 1.1x107° ~1.5x10 g/(cm?'s). The formation of a dense glass layer of SiO,
or SiO; embedded with HfO, is responsible for the good ablation resistant.

Key words: low density carbon bonded carbon fiber composites; high temperature anti-oxidation coating; oxidation property
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