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Microstructure and Oxidation Resistance of C/C-SiC

Composites Prepared by Reactive Melt Infiltration
LIU Yue, FU Qiangang, LI Hejun, LI Guanmei

(Science and Technology on Thermostructural Composite Materials Laboratory,
Northwestern Polytechnical University, Xi’ an 710072, China)

Abstract; In this study, two different densities of carbon/carbon (C/C) composites modified by SiC were prepared u-
sing reactive melt infiltration method ( RMI). The phase composition, microstructure and element distribution of the as-
prepared composites were characterized by X-ray diffraction (XRD) and scanning electron microscope (SEM). The oxida-
tion resistance and thermal shock resistance of C/C-SiC composites were investigated, and the morphology changes of the
C/C-SiC composites after oxidation test and thermal shock test were observed by SEM. The results show that the sizes of
pores determined the infiltrating depth of the molten Si during RMI. The C/C, ;-SiC composites had a low initial density
with large sizes (10~100 pm) , which was beneficial to infiltration of the molten melts and improvement of the final densi-
ty. The oxidation behavior and thermal shock of C/C-SiC composites were measured at 1500 °C in statics air. It indicated
that C/C, ,-SiC composites had a poor oxidation resistance and thermal shock resistance due to the coefficient of thermal
expansion mismatch of SiC coating and C/C substrate. The mismatch would result in cracking or peeling and even failure of
the coating. Nevertheless, C/C, ;-SiC composites had a good oxidation resistance and thermal shock resistance because of
the existence of multilayer interface between SiC matrix and C/C substrate, which effectively relieved the coefficient of
thermal expansion mismatch of SiC matrix and C/C substrate. Therefore, the oxidation resistance and thermal shock resist-
ance of C/C, ,-SiC composites were improved significantly.
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Fig. 1 ~ Schematic diagram of frabrication equipment for

C/C-SiC composites
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Fig.2  PLM image of as-prepared C/C composites

K3 C/CEAMEHRTHOWA 2L SEM B R, Fif
e R ARIRE SR HER, B R PAT T4l , JE L
ORI RL 2 I FI SR e R A S, 27 45 I ik 0
EEBONER, BEN 1.0 g/em’ ) C/C 2 &R R
WIEZ) 5~8 wm (&l 3a), BHEHN 1.7 ¢/em’ ) C/CEA
MRS R I 290 15 ~20 um (& 3b) .

K3 Cc/C ZAaRRET SEM . (a) C/C-1.0; (b) C/C-1.7
Fig. 3 SEM images of as-prepared C/C composites; (a) C/C-1.0; (b) C/C-1.7
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Table 1 Density and porosity of composites 10k
o
Samples p/g - cm™? Open porosity/ % LE 08l '
. 3 g H ,
C/C-1.0 1.0 40 2 sl E/ c/c, ~sic
=] M
C/C-1.7 1.7 13 S "c/C, ~Sica ff & c/e-1.0
o 04} * iy
C/C, ,-SiC 2.6 5 e | \.' H
0.2} =« #7 CIC-17 —
C/C, ,-SiC 1.9 g J . .l
0.0 e X,
1E-3 0.01 0.1 1 10 100 1000
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s g, SiEIRIB AR IR, EUBARSH
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B A, TERNEB RS, WA SiRES B AR C/C
R, 5 ARk S AR R A A, AT AT AT R v
MBI L, BRIRFLB R, Ik C/C, ,-SiC B & MoEHR

Capillary Size / pm
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Fig. 4 Pore size distributions of composites
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Fig. 5 Surface SEM images and XRD patterns of C/C-SiC: (a~b) C/C, (-SiC, (e~d) C/C, ,-SiC
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Fig. 6 Cross-section SEM micrographs of C/C-SiC compos-
ites: (a) C/C, (-SiC composites and (b) C/C, ;-

SiC composites

3.2 C/C-SiC E&#IAMENL HErE

P 7a g C/C-SiC ZEMEHE 1 500 C =S b Ak
wlhgk, mEB IS ZB, c/C,,-SiC BEAMHEEA
REI R, %4k 50 h J5 K EILF] 18%, T C/C, ,-SiC
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Co.o-SiC B A M RHFE Ak 2o A8 v 0 o 19 28 fb 3R 47 20 B
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Si0, 8, BJE H TR EAR 5 fi 2F 2 1 E AL RN Sio, K i
[ 7E e R PR R i U s iR, B A MR IR
AR, 4k 100 h 5, BT A R EFLEM,
ARGF 3t BEL 14 4805 F 3 A B A AR ER, Bt 28 i
160 h& b5 B it 22 At T 722 .

1E 1 500 CHEAISFE R, C/C-Sic EEMESE R
A LA R -

2SiC(s) +30,(g) — 2Si0,(s) + 2CO(g) (4)
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2C(s) +0,(g) — 2CO(g) (6)
C(s) +0,(g) — CO,4(g) (7)

FLIE(4) F(S) (524 4R B 8 i, T 8 (6) R (7)

Bl 7 1500 CHIASHED C/C-SiC KA MBEMI ML (a)
M C/C, ,-SiC TR (b)
Fig. 7 Isothermal oxidation test of the C/C-SiC composites in air at
1 500 C: (a) mass loss curves of C/C-SiC and (b) mass
change curve of C/C, (-SiC
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Fig. 8 Cross-section SEM microgarphs of C/C, ;-SiC after oxidation at 1 500 C: (a) 3 h, (b) 75 h
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Fig. 9 SEM micrograph and XRD pattern of C/C, -SiC after oxidation at 1 500 “C for 300 h
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AR RGRIRS AR, BUER SiC BRSSP UA
FERLSiO, )2 (18 12a) , ARBOBBHL AR 5
PRI 9L, C/C, -SiC 525 BB Bk A7 19 £L B %
SiC HEARTEASTE = Az 1 R B0RT LU AR st vy 1
M HE# Sic SR SRR C/C EEMRZ IR RAF
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F R AR BRI RZ K 2R B VE P T3 A R

BERLE (0 DS T, G R PN AN ) 8 R
W, HSiC EEAAR | BRAR 4 A AR R A RN, A
Mo MBI B Ea e, Wik, 2440 K 1 500C =R
ARG, A MR 10 B N BB I A KR ST g
Az, XA A MR BE T 4R 4T A AT — 25 R (A
12b), 40 WHGEJG, M Si0, 2 SEUERY Sic 2R 6E
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B 12 C/C, ,-SiC BA&MRHAGE 40 KGR (a) XM (b) SEM JE A
Fig. 12 SEM micrographs of C/C; -SiC after 40 thermal cycles from 1 500 °C to RT: (a) surface and (b)

cross-section
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