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Preparation and Antioxidant Behavior of Silicon Carbide
Ceramic Composites
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Abstract: Silicon carbide ceramic composites were prepared by using hot pressing sintering. Phase composition and
microstructure of the ceramics were characterized by using X-ray diffractometer (XRD) and scanning electron microscopy (SEM)
respectively. Mechanical properties and oxidation mechanism of the sintered bodies were studied. The mechanical strength was
enhanced gradually with increasing content of TiC. Optimal mechanical properties were achieved in the composite with 9 wt.%,
with a fracture toughness of 5.07 MPa-m'?, a bending strength of 552 MPa and relative density of 99.3%. The toughening
mechanism is mainly crack deflection and pinning effect, because the TiC particles are dispersed in the SiC matrix. A relatively
compact protective oxide-layer was formed on surface of the ceramics, which protected the matrix under the condition of static
oxidation in air at 1200 °C for 2 h.
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Tab. 1 Compositions of the SiC-TiC ceramic composites

SiC content/wt.% TiC content/wt.%

B,4C content/wt.% C content/wt.%

S1 surplus 0
S2 surplus 3
S3 surplus 6
S4 surplus 9

S5 surplus 12

0.5 1
0.5 1
0.5 1
0.5 1
0.5 1
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Tab. 2 Theoretical densities of the components fim gz
Theoreticaldensity/(g/cm®)
2 2 5o
sic 3.20 2 HR5H®
TiC 493 2.1

B,C 2.52 XPIRRE Ry MR HEAT T ORAL RIS
C 183 Be &l i (SEM)YXS W LSRR T 1% B2 o, FIH

1.3

AL A TP N TR A48 5, TlAr
Rk A AR R B 1 (R B B R A S ) 5 Ak 1425 iy
5o JE R FH = A iR A I3 (Instron 5566 77 RE A4 £}
WAL, BUd 5 ARSEATIERE, THESEIE AR
WE22), IAFER TN 4 mmx3 mmx40 mm, il#E
-k 0.05 mm/min, 30 mm F50E ; AR A WL M
FIH EL e 132 4 70 (Instron 5566 YHL F- 7
e RN, BRI 5 ARPATRAE, TR
{HAREZ), AR SR 6 mmx3 mm»x40 mm,
Iz N 0.05 mm/min, #t0 3 mm %, 0.2 mm
Yi; R E A B (SEM, JSM-6700F 7))
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3
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FE S2-S5 Ji2#PERE 2 i E IR LI ke B, 24
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Fretnet, EEEPERE R A TR

& 2 JyikE S1-S5 i SEM M . BUAKHE

Tab. 3 Properties of the SiC-TiC ceramic composites

Volume density/(g/cm’) Relative density/%

172

Bending strength/MPa Fracture toughness/(MPa-m %)

S1 3.132 98.5
S2 3.171 98.7
S3 3.215 99.0
S4 3.260 99.3
S5 3.288 99.1

437+ 24 4.04+0.20
474+ 22 4.41+£0.30
513+ 23 4.83+£0.30
552+ 22 5.07+0.20
491+ 26 4.56+ 0.30

1

Fig. 1 Mechanical properties of the ceramic samples
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Fig. 2 SEM images of the samples: (a) S1, (b) S2, (¢) S3, (d) S4 and (e) S5
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S4 (b) S4 (c) 1 @) 2

Fig. 3 Fractured surface SEM images and energy spectrum analysis (EDS) spectra of the samples S2 and S4

4 S1  S4

S4

(a) S1 (b)

Fig. 4 SEM images of the crack propagation path on the surface of the samples S1 and S4: (a) S1 and (b) S4
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2.2

PkE S4B TS, FFREMSHT
FH# S EAL R IT 0, 8 AR AT 50 B 7
ARG TR B B BEAG , IE 25 LI AR Ak S R R 1Y
SN Z B S AL 2 BT 00 BE R 2 45 4 (SEM) L)
KOS FEAS A ) B AL IR EE T e i A AL 2 AT
FIZMHT(XRD), 5] TibEER A AL R 5L, &
4 T AR FARIE 2 h #A AL E e Y 2 s
WEMEIY .

M 4 PRSEEEAE TR E B, R —Rhtee
(S TEE AL PR IR B 8] [R]85 (2 ) i S0Pk R B AN [R) )
WIS, #RIMI T E 54 . 800 °CRIG 4
TREC IR, BRI TR 8.54 g/m®, 4 fLiRE
$RTFZE 1150 °Cl, hnkl TR EERY AL TR, B

4

HATE 46.05 g/m’. UK AALIRER R E] 1200 °C
J , IRE R A AL AR T8, N 47.79 g/m’,

5 FE 6 EidkE S4 4t 800 °C, R
2 h 1 1200 °C, i 2 h 84k)5 SEM BB &
5(a) A WLELR], 1E 800 °C, {5 2 h HASA LS
T, EEREIE R TRMZE, A/NPRRE,
JEHC A D RS, TR T AL IR IR,
B TR B N, BT R SR AT 1 R — A
AR, REWAFBAI LS 7 R, X L
R Wk R 2 %1 LB S N R S S =BV /N
B B Sy MR ZRIBRERIAM S IE A, b
JZRRLAL T A ARES 2R DI 2 A A
SEUFIY AR AE , LB AL A e RS A T i A
ME 6(a) T LIE H, BUFETE 1200 °C&ad 2 h 19

Tab. 4 Oxidation degree of the samples at different temperatures

Experimental The surface area The quality before = The oxidizedquality =~ weightincrement/ The unit weight
conditions of the sample/mm? oxidation/mg /mg mg increment/(g/m?)
800 °C 585.25 1571 1576 5 8.54
1150 °C 586.37 1577 1604 27 46.05
1200 °C 585.92 1575 1603 28 47.79
5 800°C 2h (a) (b)

Fig. 5 SEM images of the sample at 800 °C for 2 h: (a) oxide layer surface and (b) matrix after stripping the oxide layer

6 1200°C 2h

@) (b)

Fig. 6 SEM images of the sample at 1200 °C for 2 h: (a) oxide layer surface and (b) matrix after stripping the oxide layer
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FEYIH R TiO, . SiO, Mt Sic, H 5K 7(c)
A, TiO, 1 SiO, WEE HA FHUKIE N, 1M SiC
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SiC,

XTR MR S, iR A R A R 4

7 S4 2h  XRD
(a) (b) 800 °C  (c) 1150 °C (d) 1200 °C
Fig. 7 XRD patterns of the sample S4 oxidized for 2 h at

different temperatures: (a) before oxidation,
(b) 800 °C, (c) 1150 °C and (d) 1200 °C
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