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Effect of ZrB, on Properties of C/C—SiC Composites
Wang Qin' Zhang Qiang’ Liu Facheng' Ju Yinchao' Cui Hong’

(1 Science and Technology on Scramjet Laboratory, Beijing Power Machinery Institute, Beijing 100074 )

(2 Xi’an Aerospace Composite Material Institute, Xi’an 710025)

Abstract Carbon fiber needling preform reinforced C/C—SiC composites and C/C-SiC~ZrB, composites were
prepared by liquor dipping process. The mechanical, thermal and ablation properties of the composites were investiga-
ted and compared. The results show that the flexural strength,compress strength and shear strength of the C/C-SiC-
ZrB, composite are 199 MPa, 274 MPa and 19.3 MPa respectively. These mechanical properties of the C/C—-SiC-
ZrB, composite are all lower than the counterpart properties of C/C—SiC composite. Compared with C/C—SiC compos-
ite, thermal conductivity of the C/C—SiC~ZrB, is greatly higher and the linear expansion coefficient of the C/C-SiC—
ZrB, composite is slightly lower. The ablation behavior of them is studied by arc wind tunnel test at a temperature of 2
500 K for 600 s. The C/C-SiC—ZrB, composite has an average mass ablation rate of 0.4x10™* g/s and has excellent
properties of oxidation resistance and ablation resistance.
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Tab.1 Mechanical properties of composites

HEME p/grem™  03,/MPa g/MPa 7/MPa
C/C-SiC 2.0 219 322 30.1
C/C-SiC~7Z1B, 2.1 199 274 19.3
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Fig. 1  Fracture morphology of composites
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Fig.2 Thermal conductivity of composites
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Fig.3 Linear expansion coefficient of composites
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of sample of composites after ablation

FHH| C/C-SiC~ZrB, B & FHRHE XU 15 i
e EATRE R AR I M A A

C(s)+0,(g)=CO(g) (1)
C<S)+Oz(g)=coz(g> (2)
CO+1/20,=CO0, (3)

ZiB,(s) +5/20,(g) = Zr0,(s) +B,0,(1) (4)
SiC(s) + 0,(g) = SiO(g) +CO(g) (5)
SiC(s) +3/20,(g) = Si0,(1) +CO(g) (6)
SiC(s) +20,(g) = Si0, (1) +CO,(g)  (7)
7r0,+3C=7:C+2CO (8)
Kl 4(a) S50 C/C-SiC Bt IR 2 5,
A LLE AR AT e S BRAR TR SR L AN, X2
KA HEAR Y SiC AABIE BE Si0, J&, T Si0, 44 a5
HA 1996 K,k 5 KA 2 503 K, ZH G H 5 54k 1
R 155, FERE Si0, 78 & DL K o B H 1w i TR
AT, TCIRTE A 0 B0 R 3 B, 5 250k R
P
K 4(b) 4] C/C-SiC-ZiB, Beil)s i g
SRR TR B T 5 AR A B B S 0 5, 7 v iR

http://www. yhelgy. com 2012 4F 456



BRI T IS A Y) B RS B ) S Rl 2 9
JETE R 2 1 e R B R 54

M S £ C/C-SiC-ZB, IREERE IS ) XRD
PR B2 S B ZeO, AT Si0, P AR S [A] 41 A
f£1 500 K LA'F ZiB, EALAE SIS B,0, BEI A
BT RER AR EM, 78 1500K EL R, B,0,
P28 &, NIRRT B VR — Rl B A5 2800
ZrB, ¥ & kPG E AL, 5 Sic FLRIE , 7F & iR
TE %, ZxO, FI SiO, WA 2 8 17 15 288 5 B 368 285 %) 0
2. WERENZ 700, 1 Si0, P E A — MK S
T Si0, AYKE 5 1 996 K 1 ZrO, F%E &5 2 950 K, fir LA
TE R Zr0,—-Si0, 3 35 24565 il 2 e 21 5 1R A 3O
PAZMIVER W LA B OR3P A L N & AR S A be
htor,

2000 | v v &0,
A0,
¢ SiC

1500

z
%
E 1000
500
0
20/C)
F'5 C/C-SiC-ZB,EbeE XRD A
Fig.5 XRD spectra of C/C-SiC-ZrB,
composites for post-ablation
3 &g

(1) TEVE SRR AT At SiC M B 52 ARk (C/
C=SiC) By il #% i B2 v, 38 0 v TR 58 1 v 51 A
ZrB, @ = b B A, Hil 45t C/C-SiC-ZB, & H
®,

(2) £l C/C-SiC-ZrB, B AR I P25 55

TFHIM B T2 http ://www. yhclgy. com 2012 4F e

JE JELEE T 1) A e G R = [ 5 U5 R 435 0 199
274 F119.3 MPa, ZrB, 51 AfE ARG T 22 fig
—E R R

(3) BRI A ZeB, 417T, i A MR
P, R Lk RBRAR, 5100 C/C-SiC-ZB, H &
FHRH AN S AK 12,28 W/ (m-K) | 5 RA K R
Bh 1.263x107°/K,,

(4)i81d 2 500 K.600 s KI5 42, 04T
C/C-SiC~ZrB, B5 BRI HT AR M REN] AL T
EHfl C/C-sic Za kR,

SZ 3k

(1] #hANA WA, sk SR 20, 45 8 e i AR Y WF 58 0F e
[J]. KA ,2005,28(4) :289-295

(2] 5K55 farpi , i e e g s AR B BIF 5 A2E Joe K% 1
FHILI]. PHEFS,2007 ,21(12) :60-65

[3] BFME, WK TR, 4. ZeB, ZFEE AR R B
FUHERELT]. BRI, 2003,17 :246-250

(4] XV, ReFR, E A8 45 it s R A RMFSE[ 0], 00
BT Z,2005,35(1) :6-10

[5] Schmidt S,Beyer S,Knabe H, et al. Advanced ceramic
matrix composite materials for current and future propulsion tech-
nology applications[ J]. Acta Astronautica, 2004, 55.:409-420

(6] Eifte, TERZ, SREE, 55, —WIALRS S U P 2
# MAEREL )] . BERRER 412, 2007 ,35 (12) :1690-1594

(7] B &5 kbt SO AN, BRALLT 4t ZeB, MR &
MR S YEREDT T ()], WA 4 R RS TR, 2007, 36
(3 1) .700-703

[8] AT 4 W, TR Lr, 55 R LT 4EXT ZoB, B
ol A e 1A PERE RO SR [T ] BER T2 ,2007(5) :15-19

[9] &4 iR A 2 PF 55, 2B, -SiCw & & R
BORHOTIZE[ 1], S BB RIRRE 5 T 200629 (1) :53-57

[10] Wang C R, Yang J] M, Hoffman W. Thermal stability of
refractory carbide/boride composites[ J ]. Materials Chemistry and
Physics,2002(74) :272-281

(%REE FHR)



	2012年第6期大样

