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gk, AEFE NG R I, H SiC B EAE A S|
A, ST A MR R IR A AT A AR YOG B R il
ZrB,—SiC FETE 1500°C 55 55 T YA fbid AL
e 6™ . AR5 ERM, 78 ZiB, B HIB, 2L &4
BHGIA 15%~30% (RF S50 1 SiC, AT i 245 S bt
BHE 1600°C UL EPTALPERE . SiC ZERE AL G
B Si0, BEESAHBENE1E 1600~2200°C T ji— 2 BU#
R I PR AP I, A A% BEL R S0l IR I, TR &R
G AR AP . Zhang 25 D% XF ZrB,—SiC
Ve R R, AT T AR Akt 2 v i B A T AR AL
il o 7E 1600°C LA, SiC & & X} ZrB, M E b f2 %
A B R, SR & T 1800°C B, SiC & &% ZrB,
SR A A 2R o 2 ), AR A e R N R
SiC F# 2 fi ZrB,—SiC R & 1) 16% (KR40 50) A
18 o Zhao % "X} I T C/C—ZrC—SiC 1l C/C—ZrC
BEMERPTERZ AT R, 458 R C/C-ZrC-SiC
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T AH 25 PRI 45 1 2k R AR YE R o Chen %8 57X
C/ZrB,~SiC & & M K #E4T 2500°C 1) 52 %58 bl I 3
(B 7°7) o S5, AR Zead 3 WhehiUs, 2 mBk 3
KA &, FIHE ZrO, FIAE R J1 R 7= K 244,
SRR R HARE T . AR R, BT
DUl 2B Aok EAAALZ I, B EIE R S
R B R A ALE, T SE I A A 2 TR
B ER I TP RERY 3R . Zeng FFE C/C—SiC
BAEMEEIA TIC, i T5 Ti MG S 45 vk
KT Si MW, ILFEAE T L2 W L Bk,
HAE B TiO, 1 sSAH X HRAR (~2130°C), S 8L A AL
WK BEAR, 76 = o i) N R d . Bk, FRIR
I ZrC A i Zr,  Ti,0,, $m TE AP i, )z
PORHE R AR50, 76 2500°C T Sl Bbehh, Fii
Pl R [ AKZE 0.008 mg/em’, Liu %5 55 3o 7] C/
ZrB,—SiC B &M B 51 A ALSIC, F ek, £ 30
BB AL RN, B b5 B B ALOS-Si0, &
B B, 2 PRI S AR5 R, TR A LR
e BRI Z) 80% ., Zhang 2“5 d7E C/C—SiC
HAEMRE IR R S A AL 155 T AR A4
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(LN

o3 —J7 I, TERI BV R A E AR it B vh, 44k
EREZE Pk . ZrB/HB, £k E iy Zro,/HfO,
AR AR 2 R A ARAR, JF AR — o AR FRAE AL
X ECAALZ AR e it B b ™= A T, BT
KT EACEFTHMANTE . HAMEIAEAE, Chen S5
Zhang S5 C/ZrB,—SiC E& M B 5 A Y,0, Z5Hi
FICE, WITTE R Y-Si—0—1—Z1,Y,,0, os D HKAZFE NS
BREEHE, A5G ZeO, AEPEIR T FE (AR AR, i
PREIY AT AN K SR T Si0, BYEEAHIIE &, Se e
A FBHE 2500°C/300 s R E & BEih 10 K JE, RHLL
A 7 (1] 84 o X I T ARSI 1 7 e it P
TR MR ] E A i S K RAT AR A B AR
BT, I R e i T P R B A B B R 2
PP PERE R B TR A T .

AR, SR LB 5 A SRR R
HABHA R, BT M 2 E R ARE SR, R A
A E R RO ", B BRI AR R
AT NP ER, BRSO . Hu %57 Cai
LEWSIIE T C/(CrZrHINDTa) C—SiC 1= 47 # i i i
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I A MRHE 9%, 17E 5 MW/m’ B 510 T, &
AR Rk R A AR K T LA(Zr, HE)¢(Nb, Ta),0,, 8
R FRR R E AR R, Si0, BYES AT S Ta,05 1 H.
VEF, WEE T BB AH 5 &, Zebeim R 0.9 pm/s, T
BN 1.82 mg/s.
222 HHESFRmEE

LA AR 5 AR B B A AR} v I B b
BIAEMEME: . SCEIRAEMEME WAL DG, T &
[T RS SRy vy S AN 7 B T Y N v i
S S 2k BE NPT IR BE, 0 o A B A S T IR
T, SEEL T AU SR AL, BRI T AR
LIRSS AT E T

H iy, AT 5 A2l e i P B R A AT R
1 AT 4 RN I (PAN) JERR T 4E . PAN JLAK
LRYER) KR RTE MR 20 22 50 4K, i H AR KR
b B AR FE I (9305 B B 55 1 Uk DL PAN R 0B, 7E
S BN 4 155 PAN JERREF4E . 2010 4F, 35[H
Hexcel 28 FRSGHEN T RDLALAYES 3 48 IM10 BlfRET
A, PrfPoE A 6.8 GPa, hif i IAF] 310 GPa, i
T re T B S A A AR T OCHREILRE . 2016 4R,
Rl B T AR AR 5 TR 5T B RSt il s iz
SR EE N 4.86 GPa, Hifififitly 541 GPa HYIE " M55]
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J15# 1 BE . Zhang S5 ERb 2= B A T RS
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L1 2EPEREFPLEE Bl RE A5 M, (EIF AN T X S
HLAT SR A AR i) 3%

2) B R AHB B (CVD T2 5 Ak 5 18 4% .
CVI SR il 25 i PE RE PR HE 52 5 MR DGR R, (H L
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CVI, BRI CVI S el £ AR, SN i g {4
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FARBISPE, P R ECIR AR CVI T2, &
i 200~300 h, il & 155 T 1.70~1.80 g/em’ [ C/C &
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PEAEAFAESR AT, IR A G T 248 mT 8 2 (0
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Research progress on reusable ultra—high temperature ceramic matrix
composites

LIU Fuchen'?, CHEN Bowen'", NI Dewei', GU Yan', LIN Ling', CAI Feiyan', DING Yusheng', DONG Shaoming""

1. Center of Structural Ceramics and Composite Materials, Shanghai Institute of Ceramics, Chinese Academy of Sciences, Shanghai
201899, China
2. College of Materials Science and Opto—Electronic Technology, University of Chinese Academy of Sciences, Beijing 100049, China

Abstract Acrospace vehicles are rapidly evolving towards higher speeds, reusability, and lighter weight. Consequently, thermal
protection systems face severe challenges, including extreme temperatures, repeated ablation, and mechanical loads. Ultra—high
temperature ceramic matrix composites (UHTCMCs) are regarded as an ideal material for next—generation reusable thermal protection,
due to key advantages such as high melting point, excellent ablation resistance, low density, high strength, and high reliability. This paper
systematically reviews the main categories of thermal protection materials for aerospace vehicles and analyzes the performance
requirements for reusable systems. The discussion focuses on recent research progress in the most promising UHTCMCs, particularly
regarding resistance to repeated ablation. Key aspects covered include material composition design and optimization, fiber and interface
tailoring, lightweight and integrated structure—function design, and advanced fabrication processes. Studies indicate that the repeated
ablation resistance and structural reliability of UHTCMCs have been significantly improved. These advances result from composition
optimization methods—such as multi—phase compounding, rare—earth modification, and high—entropy design—combined with innovative
fiber and interface engineering. Looking ahead, further research should address several key challenges: understanding performance
degradation under long—term cyclic thermal-mechanical coupling, enhancing the durability of fibers and interfaces in oxidative
environments, developing life prediction and assessment methods, and advancing low—cost, efficient manufacturing. Cross—scale
mechanistic studies and engineering application efforts in these areas are essential to enable the practical use of UHTCMCs in advanced
reusable aerospace vehicles.

Keywords ultra—high temperature ceramic matrix composites (UHTCMCs); reusability; aerospace vehicles; thermal protection

system
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