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Advances on Ceramic Hybird Modified

Carbon/Carbon Composites

CUI Hong, YAN Liansheng, LIU Yongqiong, ZHANG Qiang, MENG Xiangli
(X?’an Aerospace Composite Material Institute, Xi’an 710025, China)

Abstract: Being the ideal candidate material for thermal protection parts in supersonic flight and the high performance
rocket engine, carbon/carbon composites modified by ceramic hybrid have good oxidation and ablation resistance, design-
ability, good thermal shock resistance as well as the inherent unique comprehensive properties, such as excellent mechani-
cal properties and dimensional stability at high temperature. The present status of research and application of carbon/car-
bon composites modified by the SiC ceramics and ZrC, ZrB,, TaC, HfC ultrahigh temperature ceramics were summarized.
The existing problems and the potential development direction on the investigation of the ceramic hybrid modification C/C
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composites were also proposed.
Key words: high temperature materials;
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Fig.2  C/C-SiC combustion chamber, nozzle and hot-firing tests
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Fig. 3 X43A aircraft (a) and the thermal structural composites (b) used in the aircraft head
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Table 1  Wind tunnel testing (Ma 6.5) results of oxidation
resistance C/C composite modified with ceramic matrix

Material Modified Testing Llne.ar Mass ablation
. . ablation - 1

nubers matrix time /s . rate/g - cm”° + s

quantity/mm

A SiC 300 5(Bum-break) - 4.0x1073

B ZrB,-SiC 600 <1.9 - 1.6x107*

C Z1B,-SiC 600 <1.0 -2.2x107°

D 7B, -SiC 600 <0.1 -7.67 x10°

E ZrC-ZrB,-SiC 600 <0.1 - 5.74%x107°

MFE 1A LLE Y, R R AR (ZeC R/ SR
ZeB)) W5, K RE B T AR E KU 45 R F (i
JEZ) 2 500 K) idrbeihtEfg, be b3 B a0 R IEL,
Wit 5 A e 1R P T 1A (ZeC RN/ BR ZxB,) BB R 38N,
R HTBE e RE R R

KRR B il 45 (0 AE R v HE K& Sh LR & LRI F
WiE T Ma 6, 302 s F190 s W Ee A%, KI5 &
TN RS SEL, R beitE/NT 1.0 mm,

SRM M fef T A A9 3 JBE 32 8 135 F 3R B8R b 1R & B
BUkBszs, W 7E 3 000 °C L b, 335k 7 28 o i iR B 10
Ta ZEkH HE R B & il W& B4tk C/C &2 & B
Fho Choury " 511, WFHIREARSZ 3 700 C WA L6 K5 X
&R E C/C MR, Xy TR B 5
Hf, Ta b4 500 3L TR E AR SCHE, RS Bl
Bt BT bkl i TaC, HIC B3 8] C/C MEAf 1) b il )2
o, TR R B R B T, Hk c/C



16 T A ek

530 &

MORHO BT R 2T, SRR R b i M B RS T
C/C AR BTN JIRE S, X 30GE ML o o 1 L
BEEH /N, TaC HIC SE . gl FLophil; Cu H
FTE 3 800 CA Ak & IT A H) W] BRI A I 3 1 R
flingEAs BB B TR BB, SRR E 3 800 C L K
8.0 MPa, T/ERF[EJy 60 s it SRM b [ 5 ik 3 % 4%,
AT L2 C/C oM Aof 1) 458 ok 22 W] GRS R AR, T T e
TSR A B SR 3 P bl AR T C/C A ALk

MFT s, WILEISEEA C-TaC &R A Le i HLEE J5 THi
Moff ", LB B A I . Ak, RE
B TR AR BB L TaC |, HIC S5 B 88 A4 4
NFER, LABRETAE i AR i Py R S S Rt AR
JTCHE A, SR R AR, H U —
&, HAFATHE S HTEE i C/C AR I — 2 1 HiLiE
LAl R T mPEREBURE ML C/C A BRI K RS 1
B T8 R I B AR o U I T, A KR AR

K4 b ESHER R KR RIER A () MEEA, (D MEB, ()MEC, ()MHEE

Fig. 4 Digital photograph of the carbon-ceramic composites speciments after the wind tunnel test: (a) material A,

(b) material B, (c¢) material C, and (d) material E
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