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In-situ measurements of fracture toughness and microstructure
characterization of C/SiC composites at elevated temperatures in air
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Abstract: To study the fracture toughness and microstructure of C/SiC composites at elevated temperature in air, the fracture
toughness of C/SiC composites at elevated temperature in air was in-situ measured by SENB (single edge notch beam) under
TPB (three point bending) method. The fracture and failure mechanism of the composites at different temperatures were
analyzed by SEM (scanning electron microscope) and XRD (X-ray diffraction). The results show that with the increase of
temperature, the fracture toughness of C/SiC composites decreases, and the fracture mode gradually changes from brittle
fracture to plastic fracture. The fracture toughness of C/SiC composites decreases from 12.504 MPa-m'? to 10.958 MPa-m"?
with a reduction of 12% from room temperature to 1 000 °C. The material exhibits a good high-temperature fracture toughness.
Under different temperatures, the material exhibits different modes of fracture morphology. At the normal temperature, the
fracture morphology can mainly show the phenomenon of fiber pull-out. With the increase of temperature, the phenomenon
basically disappears, the fracture cross section becomes flatter, and the strength of the material mainly depends on the strength
of the substrate.
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fiie 2T 24 344 5 k£ Ak P s R A2 5 WA RL(C/SIC) & — i & SR 1) S ik 52 5 Ak, ELAT T o et s e
AR5 B A o P A R L I LR R S A i ok R A S ek R s T R R [ 9 T A A )
15 P I FH G S U2, e DA Ok S T o A R A TR OGRS R A R R T BE AT R, K5 SRk C/SiC B A M
BME Wt v] E Al AT AR R B AR, 36 [ A LR R TE X-33. X-37 RANEIENL AT
AR C/SiC B AR RN A 4 @A R, B C/SiC E A MR KITHE N, TEA RS H
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1 800 12 000 °C 43510 174 (%W FHY 74%) . 98 1122 MPa, BIBE IR N F iR T 5 1 800 °C,
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C/SiC 4B} il 24 R BB 5 AR K 20 A B 28 U TR AS, 5 R0 T 225 A R 408k 512 B IR 74 24
BEARAARIA] o AR e R A% i AR v Ak T SR RS, HoRSZ iR A s UIER . &R T2 &R N4
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AT R W A i B AT 248 M, I i L G B MR (scanning electron microscope, SEM) il X #£k
T3 B (X-ray diffraction, XRD) 55 J7 i MARA B0 At Ho PR 2%
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vapor infiltration, ICVI) 3% . 4 T s 4F 4 fBL AR Z [ (0 456 07, MOBHR % 4 3 B BCe il B %8l
ICVI-PyC FL i JZ2 1 45 B BE, 1% B BE ) 45 1 B v o £F 4k 47 v S A B, 2 29 90 S A D0k 2 A0 45 446 I L i
Hil 5 58 . HK R ICVI-SIC il %, FIH ICVI k78 Tl il i N UL Z 2 SiC 34k, thid & H, WA,
Ar MR, BRI R 1100 °C; £t DU, MU T, IR 2R T 2R S 2RI kE, SR5 gk in T
53] 100 mmx100 mm>3 mm “F-Htk C/SiCikE . fa, kIR Z W R ICVI T2, B £ )2
Bl 484k SIC R 2, RIS | P58 B30 1 il 4% o
1.2 R RIE

AL C/SIC A RHBT 24P SR R B U 101 5% = 5025 il v i A7 DK, 335 2 i GBY/T 238062009 (F
41 i % W 24 5 T N iR an ] 1 R, K 18 mm, FE 3 mm, 75 4 mm, Y RE N 2 mm. 3
% 7€ INSTRON 8862 J3 g 55 iR B AIL_L- 5¢ )i, W&l 2 iz, B 15 R 16 mm, JiZ8:8 % 4 0.05 mm/min, 3K
FHEEF A 10 °C/min, 7+ 800 A1 1000 °C, {43 30 min, MR IE 324 25, 800 A1 1000 °C, ¥ 45
9 5 ARURE T A, ARYE T TS 2R R

I 4L I’ w
K — 3PS al/Zf(i) (1) | [la | |:|H
T oOWH? H ! s [
f(a/H)=1.93-3.07(a/H)+ 13.66(a/H)*~ B SR A
23.98(a/H)’ +25.22(a/H)* 2 Fig. 1 Diagram of fracture toughness test
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(a) Before the test (b) After the test
K2 A% 3 IR e
Fig. 2 Test system Fig. 3 Sample before and after the test

2 SRS

2.1 HHESRAEFNRS S RAL
K4 25 T8I T C/SIC &4 bk i 3% 18 AT I 451 4% FL + 1 735 (scanning electron microscope,
SEM) | Jr, NI a] DL 1, 525 bR £F 4 22 F10p. 22 [a] 1) AR 8 70 14 Ry B %, TE ) W AL .

(c) Section (d) Section

K4 T C/SiC ZAMERIHIIE A
Fig. 4 Microscopic morphologies of C/SiC composites at 25 °C

K X B AT B0 B A AR EAT FRAE, 20T 25 ~1 000 °C AL S T A ZH 5 i 28 1k B C/SiC
52 G MR A Bl B T = AR . S S T C/SIC IR FEEAS TR TR EE R 1 X SR AT S (X-ray
diffraction, XRD, )i, X HLAR iR R & BE, 260 1R 22°H1 44°0F 1) 2 G516 50515 C A9 (120) F(111) &
TH] AT 555 W AE X N o 20 FA 20 5F T 35,50 B AT S0 5 R ARAG (11 1) & I AT S 0 AR X N, HL7E 26
1 60°, 71.5°F1 75.5°0F A 504 43 51 5 SIC 19(220) . (311) F1(222) TG ST UEAR X 1 o RIS, A 5
AIHL, #E 25 ~1 000 °C Bl P, BOREEA AR ] B 2544, 2 WA G I 58 DX R) 9 AR 35 T 2 ThAE, LR

Kl 6 &5 A MBI R E T XRD R#EBHOKE, ol LUF H, 25~600 °C B, B % i E 1075, 260
/N, 2398/ 0.078°, 600~ 1 000 °C B, Fifi % I B A9 T+, 20 B K 0.02°, 4K L&, 25~1 000 C HY,
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Fig. 5 XRD patterns of composites at different temperatures
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Fig. 6 XRD partial enlargement of composite materials
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Fig. 7 Thermogravimetric curve of
C/SiC composites
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Il 7 BIRT, K25 °C B THELE 100 °C i, 1CRE B S vek b, aHg Ak 0 B 7 3O 3 i 14 7K 0 B it P2
THEHEH AR . 1 100 CCTHELZ 500 C I, B &l R BURUNE Sl IR 7R il R A A T
BE /AR BR G o AR TEZY 500 IR, BT T AR DU B, B1okE L BUIT R A, 3X 32 22 Bk 2T 9l 4R
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C(s)+0,(g)=CO,(g)

2C(s)+0,(g)=2CO(g)

043103-4

“4)
)



541 & Prfte, 45 WS T C/SICE G A RHETZRB P S R OWAS F4 AL 2B %4

2.2 =imBRTREENK o
P8 g5t T AN Rl B R C/SiC b Ak i 4 ) P A ey - (02 B il 2 o 0 i e e o 25 R Oy
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FAORL B R BROE I, 2 J5 B ORI A 2T AT RE AR PR 3 20T, IF AW BORS | B0, 7R A BB
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AR WRBINE, 1521018 9 Frongs

200 14
—25C
. 2t 7
150l —800°C 7
—— 1000 °C 10t
z 100} g gl
2 £
g =
= 50t < ¢
X al
0 ese
2 -
-50 L L L L 0 2
0 0.2 0.4 0.6 0.8 1.0 200 800 1 000
Displacement/mm Temperature/ °C
P8 A [RIIREE T AR BB A A - A% T 25 B9 EEPPRIR AR T B
Fig. 8 Load-displacement curves of fracture toughness of Fig. 9 Fracture toughness of composites
composites at different temperatures at different temperatures

B9 45 T C/SIC MRHEZE TR 800 AT 1000 °C B A3 o BRI 251 T, 25. 800 11 1 000 °C
A2 A BRI 2L B P43 51 K 12,5, 11.01 F1 10.96 MPa-m'?, Fifi 25 15 B8 8 T 20 52 4 bR T 2L 85) 1 % R
- IR, 800 F1 1000 °C B AR R 3R B AR AL A/, (05 SR AH L, 1T = 2 1000 C B
SAPERRAR T 12%, 21k B 3% .
2.3 SEM #1 XRD ;UiK 9 4f

R AT C/SIC EAMEA L AE A, IR A G S H Iy 2R = AR R . YRR
T T W RS A3 4R SEM AT XRD #4700, AT IRFERY B ARG 0L . 18 10 45 T RN
J# T i FE AU RE T 43 AT (energy dispersive spectrometer, EDS) K], # 1~3 45 T X W i T EDS i &l 45
HAp 7 H o 5 Ths o I8 F 505 e i B A2 H, B A 4 H 5 Ths e IR 7 i 5 bR IR R TR
B2, IWE10(a) FIE 1 ATLLES], Wi T C/SIC ZEEMEEH C. Si Mo %3 FocEK, BERE NI
i, HE 10(0) ~ (o) M 2~3 AT LUE S| O ST R & & B EW K, C R T B NI, SiouZ s
WD, KRG E SRS, B IR R, RER i A Ak, AT A AR

B 45 T ASERRE T )5 a0RE ) XRD 5 . NIRRT LUE 2, A 25 °C #1000 C 3R i
{4477 S5 06 W) S K, TR PR SRR LT, R AT AR TR =0 T 500 °C IR 25 5 15 58 & AR 8 AR S g, foff £ 4
AR, SEBIVE RS, T30 C/SiC AR BE AR Ty 24 R RRFEAR . 59— 1, =i N LT Sio, SR AT 4T
U, 0 IR 7 MR 2% 1 T 4R SR P B RR A R A T RO, AR R T AR AR . M 25~1 000 °C A R A
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Fig. 10 Spectral energy spectra of composite fracture toughness test

#1 25°C K EDS g%
Table 1 EDS energy at 25 °C

T

Energy/keV
(b) 800 C

&2 800°C At EDS &%
Table 2 EDS energy at 800 °C

(6)
()
®)
)

JLR Tk H 4% JEFH 53 % JLE JREE SN LH/% JEFH Ay /%
C,K 78.56 86.47 C, K 18.84 20.12
Si, K 11.79 5.55 Si, K 46.69 30.87
0,K 9.65 7.98 0,K 34.48 40.02
it 100.00 100.00 587 100.00 100.00

043103-6



541 & FrAhte, 2. eSS O/SICE A B HBT R I S I U RO 5 K AR S A %4
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0 —25<C
0 SiC —— 800 C
O Carbon 1000 C
%3 1000°C B} EDS &5 3 o 0 Si0, o o
Table 3 EDS energy at 1000 °C %‘
=}
ST S TRt E 4 1% ST E 4% £
Si, K 33.80 47.27
0,K 66.20 52.73
JESan 100.00 100.00 20 30 40 50 60 70 30

200(°)

B SEaprR RIS R HY XRD 35
Fig. 11 XRD pattern of samples after fracture
toughness test of composites
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Fig. 12 Fracture microscopic topography Fig. 13 Fracture micromorphology after fracture toughness test
at normal temperature at elevated temperatures
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