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Table 1 M anufacturing processes and

flexural strengths of C/ C-SiC composites

Besiman M anufacturing = \ g/ o/
——— (e % M Pa
B24 2 H'E'?:?cw;/;ﬁ .98 3.4  112.4
B27-2 CVD:C@;;;T'P .97 7.2 1615
B23 2 Cﬁ;{ilﬁgﬂ‘flg: 206 1.5  94.7
B23 4 CCZHTT "CVD - 216 2.9  81.3

HTT IC_ HTT  MSI

1.2 MEREM & b O 28R W 2=
SEMEHE R - FLBR R R HHE ALK, 2

Wim B E: 2002~ 11~06; 1&iT BEA: 200303~ 07

BIRBERA: BE A, ¥ HiG: 0731 ~8836079; E ~mail: csumount@ etang. com



55 13 5 5 Y]

EMR, S 2GR T EN G GSiC A AR i B 1) s

* 1197 -

it 9 AR 5 [ 2 bR v GB8489 —87 K JH = 25 ithv:
W, WA RSN 40 mm x4 mm x 3 mm, PR L
30 mm, JIEGEREHR 0.5 mm/min, L: h= 10 1.
KH KYKY-2800 45 494 i+ 2 f B85 (SEM) X &
A EHET DTES AT WSS O 8 06 3% 34X 73 #r
% JOBIN YVON-Lab HR800 Y 380/t i 2 5t 1% 4%,
HeNe W0t, WK 632.8 nm, H 5 RevE, X
SIFTIEH 3 Bm, WOLCHK SHFEMFINER .

2 HFERE54Hh

2.1 AEREBNEESHHIEH R G

R 1Rl C/C-SiC EAEMEHHI& T2 42
Mo . N 1 Al e HEAT T AR TR i AR Ad B
C/ C-SiC EAMEL B24-2( W iE R E) 5 B27-2( #4
IR ) ARG, J5 3 B9 il o BT LG R e, A E
161.5 MPa.,

B 1 R I HAA AR R E R SRS i
WA ks gk . 1 AR 1 G RS
BRI RIS SR B24-2 N4k 2 5 KA A 4
P, Bl S AT SR BRAR, 3R T M ot Y R i T 2R,
HE MssE R 112.4 MPa, IR AME B27-2 1)
70% ; T EA H#MERIRZRE A MR B27-2 KILH
R ARIE T, AR s, HN - gl
ORI SM BN . I rT 430 3 o 2R
1 &85 B INE T4 B FARTF RN ) 0,,, ML ERY
B, %28 H 0, BERCKNEAT 0, NI B
53 o A YR B

Bl 2 Bk 2 MG HPRH BT D23 . AR
B24-2 [l BRI A (WK 2(a)), HOKHERS W
O Pl O, DR EMATgERKE . R
TP A ek HAE A, WSR2,
RIILEFYE N G WU 24 WK 2(b) ), B A4
BT 2 R TR) R AL AT A D ik, AR SR 4F
YeR I ORE, AsZun b RL R MR, 5 i
N - AR M2 45 R — 50, WA KL B27-2 [l
JEBAE (B 2(c)), A KL 4E 3k A5
R B BRI SR, B 2(d) AT EH, 5 HE R
MR A4 B39, (A5 — 3 AR 4T 4E b, X
FEAL AT IL £ 4 547 4 o e 3k ok #2 vh BA 8OK B
77, A iR i BE A 8w i 2 o i,
BORWIAI#, I BT BRI .

AN F IR S22 A MRS ik BE 5% i n] A
[f] &5 G 5, IR T b3 B BH D, 78 ST 2 ) 4% ik

180

. B24.2

0 0.2 0.4 0.6 0.8 1.0 1.2
d/mm

1 ARTZHE &K C/CSic Eatr
25 i N ) — (3% h 2%
Fig. 1 Flexural stress —displacement curves

of C/ C-SiC composites by
different manufacturing techniques
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Fig. 2 Flexural fracture morphologies of C/ C-SiC composites with different carbon coatings
(a), (b) —Sample B24~2; (¢), (d) —Sample B27 =2
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Fig. 3 Flexural stress —displacement

curves of C/ C-SiC
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Fig. 4 Raman spectra of different locations in porous C/ C performs
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Fig. 5 Parameter 1/ R of different locations in
porous C/ C performs B23-2 and B24-2

FTFHE = b IR R () A Ss A FE B . B IR R AL FE
Weds, MRA 4 2IHiG, W TR, SEEAM
TR RS i P AT o e A A B ok R B g Rk —
AR, AU BN, EA MR A
B2 B, H 55— 7 THI e i A EE A AR Ok AT Y/
G ST A s A RE FE R vy (18 5), AT 45 4% i
IRFIR A2 R S g5 A7 59, HBRRMH —
SE [P AR IB I .

K 6 7~ ARREE B23-2 W D TESE . W 6 B
MEL B R B23-2 125 il O A 2 AT YR el AF

l f 11

T KV P10 A 1P EVREY G800 4

6 il AL A IR )ZE
C/ C-SiC &ML h iy L E S
Fig. 6 Fracture morphologies of flexural
specimens of C/C-SiC composites

with carbon coatings of HTT state



+ 1200 ° o EAT 4R A )

2003 4F 10 H

YR L R L TIR, B R VR 2 Y R i AR A B AT
536 W kL o A Bk ke 24, BRAR S th o B R PR
16% , R — & BB .

2.3 ZAMRKASEALIENE SRS g

B 52 M

Bl 7 s o A A B 2 mnili A BRI 2 A6
BRSNS - MR ihe . WK 7 FISR 1 nEH, &
2 U AL B B A MR B23-4 1 5 il o BN
81.3 MPa, AT i & =i # b B B23-2 {K4
14% , (R #R I A0 i R BB . 3 22 R IR
JE il AL FRALAS W IR ok B4k, B ke s, R 4R
e RS, WS EE MBS g
B, (R0 it - AL th 4 IR I AN K .

100
80 ¢
o 60 B
s
& a0l
20+
0 02 04 06 08 10 12
d/mm
7 AN e % v ik B
AR N ) — (% ith 2
Fig.7 Flexural stress —displacement
curves of C/C-SiC composites with
different final HTT
:I: ‘
3 4 ®

1) SRR EM LG, AR R E TR 4T b
TRIF R AT 4, FLAE il % 1 72 o ok 2 4 52 21 16 43
JN, AT A 46 HH 2SR R L BB MR BT I Y C-
SiC HEMEL .

2)  re ok A Ak B A I IR R 2 R A 4 )
SAEMERERRELENEMN, TEREAMES
R IS T, (R —E R

3) X TR EERIREZNEAGME, £
FUAA fe 2 e il AL BRAT L2 R B RS A R B, TS
MR - 8 & R IEAR —3, BWRIH —%
[ AR I

B

IO 2 e AT AR B T RS R T 5
JIT R W AR e 1ol R R A T A R 2 e A
RISCREAFE B, AE IR 0 A S

REFERENCES

[1] Naslain R R. Processing of ceramic matrix composites
[JI. Key Engineering Materials, 1999. 164 =165(1): 3
- 8.

[2] Krenkel W, Henke T, Wason N. Iirsitu joined CMC
composites| J]. Key Engineering Materials, 1997, 127 ~
131(1): 313~ 320.

[3] Krenkel W, Henke T. Design of high performance CMC
brake discs[ J]. Key Engineering Materials, 1999, 164 ~
165(2): 421 —424.

[4] LIU Wen-chuan, WEI Yong-liang, DENG Jing-yi. Car
borr fiber-reinforced C-SiC binary matrix composites[ J].
Carbon, 1995, 33(4): 441 ~— 447.

[5] Willam B H. Making ceramic composites by melt infiltra-
tion[ J].
(4): 56~62.

American Ceramic Society Bulletin, 1994, 73

[6] Mubhlratzer A, Karlsfeld. Production, properties and ap-
plications of ceramic matrix composites [ J]. Cfi/ Ber
DKG, 1999, 76(4): 30~ 35.
[7] Campbell T, Joseph T, James M, et al. Dynamic prop-
erties of 3-D reinforced C/SiC for the RS-2200 liner
aerospike engine[ J]. Ceramic Engineering and Society
Proceedings, 2000, 21(3): 517 ~ 524.
[8] Krenkel W. Cost effective processing of CMC composites
by melt infiltration ( LS process)[J]. Ceramic Engineer
ing and Science Proceeding, 2001, 22(3): 443 ~ 454.
[9] XU Yong-dong, CHENG Larfei, ZHANG Lrtong. Car
bon/silicon carbide composites prepared by chemical vapor
infilitration combined with silicon melt infilitration[ J].
Carbon, 1999, 37(8): 1179 ~1187.
[10] Cao H C. Effect of interfaces on the properties of fiber-
reinforced ceramics[ J]. J Am Ceram Soc, 1990, 73
(6): 1691 ~1699.

[11] Tuinstra F, Koening J L. Raman spectrum of graphite
[J]. The Journal of Chemical Physics, 1970, 53(3):
1126 ~ 1130.

[12] Leszek N, Paul W J. Raman spectroscopic characteriza-

tion of graphites: a re-evalution of spectra/ structure cor-

relation[ J]. Carbon, 1993, 31(8): 1313~ 1317.



51355 BRI, % ALK T EXT O G SIC 52 PR I A 30 © 1201 -

Effect of manufacturing techniques of performs on properties
and fracture modes of C/ C SiC composites

WANG Linrshan, XIONG Xiang, XIAO Peng, YAN Zhrqiao, LI Jiang-hong
(State Key Laboratory for Powder Metallurgy, Central South University, Changsha 410083, China)

Abstract: Through molten silicon infiltration the C/ C-SiC composites were made of the different porous C/ C preforms which were
prepared by the mixing of CVD and resin impregnation / carbonization with the integrity felt as preforms. The effects of different car
bon coatings and high temperature treatment on the flexural strength and fracture modes of C/ C-SiC composites were studied. The re-
sults show that C/C-SiC composites with pyrolytic carbon coating have higher flexural strengths (the maximum strength is 161. 5
MPa), and the flexural stress —displacement curve shows better “ pseudo-plastic”, compared with the composites with resin carbon
coating. The higher flexural strengths and better “ pseudoplastic” of the composites with resin carbon coatings can be achieved by ap-
propriate high temperature treatment.

Key words: high temperature treatment; molten silicon infiltration; C/C-SiC composites; flexural strengths; fracture modes
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