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[ABSTRACT] Carbon-based composite materials (C/C, C/SiC) have high specific strength, high specific modulus, low
density, low thermal expansion coefficient, corrosion resistance, thermal shock resistance, and are considered as one of the
most promising high temperature structural materials. However, carbon-based composites generally begin to oxidize at 500
°C, and have large porosity, which cannot achieve high pressure sealing, which greatly limits the application prospects of
carbon-based composites. Under the environment of high temperature and high pressure air scour, ultra high temperature
ceramic base protective coating can effectively inhibit carbon composite material (C/C, C/SiC) in the degradation of carbon
composition. The melting point of hafnium carbide (HfC) is as high as 3890 °C, which is the highest in the known single
compound, the thermal conductivity is only 5.6 W/(m - K), Vickers hardness is as high as 26 GPa, good ablative resistance,
but also has low thermal conductivity, low oxygen diffusion coefficient, low surface vapor pressure. Oxidation resistant
ablative coatings have been used as extremely heat resistant components such as rocket nozzles and nose cones. In this
paper, the research background, basic properties, preparation technology, ablation mechanism and coefficient of thermal
expansion are summarized. The current challenges of ultra temperature ceramic HfC coatings are pointed out, and the
development trend of ultra temperature ceramic HfC coatings is forecasted.
Keywords: Ultra temperature ceramic; Hafnium carbide (HfC); Preparation technology; Ablation mechanism;
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HfC IR)ZUURTE C/C Z A K I ; HIC YIRS & Al 3
fios B SEE T CVD-HEC ¥ 2 4 21 45 4 1 ml 5 1 05
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Fig.3 Illustration of apparatus for chemical vapor deposition of
HfC coating"”
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B R B S BORE 6 (b) AT LIRSS S 7E 4
b2 A N R BORFLTRAAE . e 32 B e be g
AN AR R E G A A A AR AL A A B, SR TR
TR AT E] 3000 °C, Bl e muk R =, 2
FE A AL A H A AR 4 1 B o LR 3R A
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Fig.4 Scanning electron microphotographs of C/C composite
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HfC Bt e P i HIO, I AR TE S 2 e s s < i
il EA S, BIE 7 (b) Al WiR)2 K e , HO,
AR R B, S LB X A, HFO, Ak R~
N, SRR SR SO AL IR RO B . XS
AERT H g s X3k, o8 Y J oty DX A0 e ) 58k 22

BRI X 5
GRle i X I8
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T. it
B: i1
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Fig.5 HfC coating ablation areas

(a) fRAFHCK (b) FEfEHOK
6 HIC & EEM 60 s [5H g X s R mis

Fig.6 Composite morphologies of ablated surface of HfC coating in

central ablation region for 60 s’
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e

(a) fRATHCK
7 HfC HREHEM 60 s FEERMmRBRERSRE

Fig.7 Composite morphologies of ablated surface of HfC coating in
1431

(b) HfFRR

transition ablation region for 60 s
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HfC J&—Fh 4t 8 AL fe J1 o (i Heih B e i dhob o
R R L IR b R R AR S IR PR ke
T J2 R BAEUR B o A Ry I AT R 86 R e 5 AR i i 44
TR PR R 2 C AR N . H HIC IRJ2 5k
LSRR AL 2 (AL AEAE — R P A REURTE (£ 2),
TEFEEN I FAE IR vh o T 1] BE & T 800R )2 IR 2544 -
HE

TEVR 2SI L 2Z RIS I 9 oK 26 2 4E h b
2, 0] LA B U )2 SRR A R 2 R I Rk R 80k
Beilfs, Qiang 25 ™ FERRFLA 1 JeliL T SiC 4Kk,

1007%m I
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Fig.8 Composite morphologies of ablated surface of HfC coating in
1431

border ablation region

FAERRALTED KL PR SIC IR 2 152 B s, b
Pt B sl o X BRI R SiC TR E VTR R
Y5 M B e A TRUE DURR - O 9 R £ 2 O LB =22 181, (4%
25 IAE I N S, [, QR AE DR R
St A SR AR T IR AZAZ O e T IR A%, 7
DURLS R SiC ARk E] T b Ve , 15 A il £
921 SIC IRZHINECE . IESE TN SiC g1k )2
(1) SiC )2 P LA 504 il 32 i 22 ] 342 Bk 2 4502 i e
2R IIR R 2B, Zhang 25 W AE SiC 1% )2 2 ]
SeAE K T HIC 9K ZE )2 150 & 0B AT BN i HEC 40K
LRIZI SiC WRJZA & I B I, e KRR 58 B iR 3
2.5 um it 51 HIC YKL )RR R G, &G
DUBH A5 B SiC ¥R )2 Sk B B4 1k , S B -t A s
B, HFC 9K 5 HIC IR 28 TRF kL, P b2
MeAMEARAE R 4. PRI, X T HEC W2k Uk, HIC 49K
LR & HIC PUbeiig )2 e Al i s fb Ak, Liss! il &
HIC IR )2, TERRELAR MR BT K T — 2 SiC 4Kk,
WG TE SiC 9K £k )2 L UURL T HEC 1% )2, I X6 B il %
MR Z A TR e , UESE T 5 A SiC GKZ)Z 1) HIC
AN o S DT ol S 11 a S KT AU N T
PEREE LS. PEAL Tk K2f RenZE* R k2
RPN EE , 1569 Ni (NO, ), 1E A0 35 A1 [ 25
16 C/C E A RHEEAK -, HFCL,-CH,~H,—Ar J9 J5RE, T
FUT — 2 HIC 94K £8, SR 5 B2k K HIC IRJZERE T
K2 LB, i & B HIC GOKEAE Rl =
) HEC ¥R JZ (9 5 FE SR LW beih 120 s Ji , B8
HC K21 HEC IR)ZH LT AU N HC K42
() HEC 12 5 i be i R R e i e ph JFOR 1 1.24 mgys
1.97 um/s R[] 0.57 mg/s, —0.35 um/s, fFi g iR T
R T 54.03%, BB R RE T 117.77%, HIEC IR)Z 4T
PO PEREIS 2 T A RN R . X EZR N HIC 49K
LR AE AL TR P R AR N4 A B AR T, BT

R 2 HIC REEMHIEHEXMIENF R

Table 2 Physical and mechanical properties of HfC and carbon-based composite materials

B R/ W /(g em”)
HfC 3890 12.6
crsic SiC: 2700 22

c/ic 4000 1.65~1.97
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Il

A

YAl
I

LIAk R %/ (10°K) SHE/(W-m' - K")

5.60 6.28
1.42(100 °C)
2.29(1300 °C.)
5.0
1.68 (100 °C)
7.72 (1300 °C)
1.2, 3.8(2485 C) 83.0
1.9(2204 <C) 55.4
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Ni(NO;3),
Soaking
C/C
Catalyst
HIC coating LPCVD | HfCl+CH,+H,
m ”mwﬁlH/fC nanowires
LPCVD
HfClL+CHs+Hy+Ar

B9 HfC Kk&EHEFEIE™

Fig.9 Preparation of HfC nanowire coating'"
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