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Fig. 4 Tensile curve for 2D SiC/SiC composites at room and

elevated temperature

Table 1 Summary of tensile strength and failure strain data
of 2D SiC/SiC composites

Temperature/C Tensile strength/MPa Failure strain/%

277(01)/272(02)/

0.74(01)/0.72(02)/

2
5 274.5(average) 0.73(average)
800 221(01)/221(02)/ 0.43(01)/0.51(02)/
221(average) 0.47(average)
1000 191(01)/205(02)/ 0.28(01)/0.31(02)/
198(average) 0.30(average)
1200 247(01)/213(02)/ 0.66(01)/0.61(02)/

230(average)

0.64(average)
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Fig. 7 Optical microscope observation results of specimen fracture at different temperature

(¢) Test specimen under 1 000 °C inert gas environment
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(d) Test specimen under 1 200 °C inert gas environment

Fig. 8 Scanning electron microscope observation results of specimen fracture at different temperature

55 B 9 BE N [ 76 3 BT 17 240 O S 1 2R B £F Ak 4k
HH RO R B A 22 5 o DA ORLSE fif R g - B AR
Y A R R AR, 7R R 2 vk B, BRI DG B 1
PR A R R BT AR BB R AR — B
20 38 A 48 i 30 & ORI 2R g I, BRI RO 46 W A
2LU0. Tl A AT R 30, 2R ST R R T 4k 2
ARG o 7R IX — B B, L AR R OT 06 B . R
t%ﬁﬂmiﬂ@?fﬁﬁﬁﬁizwﬂ A o I, AT
JI5E Al e Bk — G AR R ) — I R i 2%

B A R B T E R IR R 5 —
J5 T, IR E 25 W0 SiC LR AE R s . = iR PR T SiC
SF 2 B O 85 4 £ & A AF 4k R A AT BT R
IR0 Y e R A A T O 1 7R S A R £F
MHIAAZR PR OB T RE A EE
1 SE 0F £F e R 8. w5 iR R BT T i T AR 4 s AT BT
Bl 55, 5 B e AL SiC/SIC A M RHE B IR R I HE
e iR o A 4 5 1L TEAIR

2209066-5



WasE: 1

PRBE IR A T AR R4 SIC/SIC B A MR P fE 1 5 i BF 5

2024 4F

A SCHl AT A5 B R S5

(1)800~1 200 °C PN, — 4 4w 21 SiC/SiC & & # %t
B4 A e 0L 7 — 07 A ) R S BRI A B A (] G R
MR, AR R X A R I M B s ) N B
S TR PR B P R I R T v I BRI IR R
PR B0 P B

(2) Jo 48 BR B8 L 2% 1 23 6 — 4 g 21 SiC/SiC
524 MR iz 5 B 7 A 2, 800~1 200 °C i ik T
SRR T MR A B A A R A B AR 20% £ 4

(3) Jo A A5 T IR BE 23 5% W) — 4 9 21 SiC/SiC &
GMORL R YE 5RAR RS SR . RE G A4 S
FEAR N 25 5 o B B ES , BRI 2L IR 21 4R 1 O B
JUHE
B O E R R R LI ),

S Uk

[ 1] HALBIG M C, JASKOWIAK M H, KISER J D, et al.
Evaluation of ceramic matrix composite technology for air-
craft turbine engine applications [C]. Grapevine: 5lst
ATAA Aerospace Sciences Meeting Including the New Ho-
rizons Forum and Aerospace Exposition, 2013.
[ 2] VERRILLI M, CALOMINO A, THOMAS D J, et al.
Characterization of ceramic matrix composite vane subele-
ments subjected to rig testing in a gas turbine environment
[C]. Seattle: Fifth International Conference on High
Temperature Ceramic Matrix Composites, 2004.
[ 3] ROBINSON R C, HATTON K S. SiC/SiC leading edge
turbine airfoil tested under simulated gas turbine condi-
tions[ C]. Grapevine: 23rd Annual Conference on Com-
posites, Materials, and Structures Sponsored by the
American Ceramic Society, 1999.
MURTHY P, NEMETH N N, BREWER D N, et al.
Probabilistic analysis of a SiC/SiC ceramic matrix compos-
ite turbine vane [J].
2008, 39(4): 694-703.

PREWO K M. Tension and flexural strength of silicon

Composites Part B Engineering,

[5]
carbide fibre—reinforced glass ceramics [J]. Journal of
Materials Science, 1986, 21(10): 3590-3600.

[6 ] WANGZG, LAIRD C, HASHIN Z, et al. The mechani-

cal behaviour of a cross—weave ceramic matrix composite

[J]. Journal of Materials Science, 1991, 26(19): 5335-

5341.

B, BFAERC, £ B, 5. 2D WA BRI A4 H

HERE =R AR ET Ay 10 g B Y RS [ ]. [ A g 2 2

i, 2010, 31(3): 258-268.

MO, R K, BRALIE], 4

[7]

[8] 24 C/SiC 2 A MR

[9]

[11]

[12]

[13]

[14]

[16]

[17]

[18]

[19]

[21]

2209066-6

P A8 ok AR AN OSSR AR (D], R EL 24l
2007, 213(2): 137-143.

2 W, L W, BOCHR. 2D-SiC/SiC M % K A A b
LA BRI AT ST () ). b [ B & Tl 2013, 20
(5): 10-14.

T UG, BFAE B . ST £ 4 1 o B A B A R
Pk REm s m (1], & & OB, 2010, 27(3)
116-121.

SANCHEZ ] M, ELIZALDE M R, DANIEL A M, et al.
Interfacial characterization of 2D woven SiC/SiC and
crossply 0°/90° CAS/SiC composites [J]. Composites
Part A Applied Science & Manufacturing, 1996, 27(9) :
787-792.

WRIIWT, PR 4E, sk RN, 45 FEUE R SiCsiC &
MR E R E R SR AT S SR AL )], b A iE
K224, 2019, 53(1): 11-18.

£, BRXIE, B . PSR CSIC E G M RHE
R R T R AT D], WA MR AR,
2010, 30(1): 78-84.

T, FE, LW, % 3D-C/SiC B & kY
F R AR RE (T ] PR 5 R, 2004, 23(3)
335-338.

LEE S S, ZAWADA L P, STAEHLER ] M, et al. Me-
chanical behavior and high—temperature performance of a
woven nicalon/Si—-N-C ceramic—matrix composite (1.
Journal of the American Ceramic Society, 1998, 81(7):
1797-1811.

T . 3D-C/SIC & & B ORHIg L PR RELD
VUL Tk K2, 2003.

GUO S, KAGAWA Y. Temperature dependence of ten-

1. VY%

sile strength for a woven boron—nitride—coated Hi-nicalon
™ SiC fiber-reinforced silicon—carbide—matrix composite
[J]. Journal of the American Ceramic Society, 2001, 84
(9):2079-2085.

LU Z, YUE J, FU Z, et al. Microstructure and mechani-
cal performance of SiC/BN/SiC mini—composites oxidized
at elevated temperature from ambient temperature to
1500 °C in air[J]. Journal of the European Ceramic Soci-
ety, 2020, 40(8): 2821-2827.

GUO F, CHEN X, CHENG G, et al. Microstructural
and mechanical evolution of SiC/SiC composites in wet
oxygen atmosphere above 1000°C [J]. Ceramics Interna-
tional, 2022, 48(6): 8473-8480.

YU G, GAO X, XIE C, etal. In-plane shear damage be-
haviours of 2D needled C/SiC composites[J]. Fatigue &
Fracture of Engineering Materials & Structures, 2019, 42
(2): 454-465.

YAO R, WANG Y, FENG Z, et al. The effect of high—
temperature annealing on tensile strength and its mecha-

nism of Hi—nicalon SiC fibres under inert almosphere[]]



Hast B e o R 2024 4

[22]

Fatigue & Fracture of Engineering Materials & Struc- ment on the microstructure and tensile strength of KD-II
tures, 2008, 31(9): 777-787. SiC fibers [J]. Materials Science & Engineering A,
CAO S, WANG J, WANG H, et al. Effect of heat treat- 2016, 673: 55-62.

Effects of ambient temperature on tensile properties of
2D SiC/SiC composites
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4. AVIC Nanjing Engineering Institute of Aircraft Systems, Nanjing 211106, China;

5. State Key Laboratory of Mechanics and Control Mechanical Structures, Nanjing University of

Aeronautics and Astronautics, Nanjing 210016, China)

Abstract: In order to study the effects of temperature on the tensile properties of ceramic matrix compos-
ites, tensile tests of 2D SiC/SiC composites were carried out under inert gas environments at room temperature
and high temperature of 800 C, 1 000 °C and 1 200 ‘C. The deformation data of the specimen under elevated tem-
perature environment is collected using digital image correlation technology. The fracture morphology of the speci-
men was photographed by optical microscopy and scanning electron microscope. The results show that the tensile
stress—strain response of the 2D SiC/SiC composites also has obvious bilinear characteristics in the range of
800 °C to 1200 C. The elastic modulus of the initial linear segment at elevated temperature is similar to the room
temperature test results, the elastic modulus of the second linear segment at elevated temperature is lower than
that of the room temperature environment. The tensile strength of materials in the inert gas environment of 800~
1200 C is about 20% lower than that of the room temperature environment. Temperature mainly affects the bind-
ing state of the fiber to the matrix in the material and the strength of the SiC fiber. On the one hand, the higher the
temperature, the more serious the pull-out of the fractured fiber. On the other hand, the higher the temperature,
the lower the strength of SiC fibers, and the strength of 2D SiC/SiC composites also decreases.

Key words: Aeroengine; Ceramic matrix composites; 2D SiC/SiC composites; Tensile properties; Frac-

ture morphology
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