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Evolution of Mechanical Propertiesof Mini-SIC;/SIC Composites at High
Temperaturesover alLong Period of Time

CHEN Bin, REN Ke, WANG Yiguang

(Institute of Advanced Structural Technology, Beijing Institute of Technology, Beijing 100081, China)

Abstract: Continuous silicon carbide fiber reinforced silicon carbide (SiCy/SiC) composites are widely utilized in the
hot-end components of aero engines due to their exceptional properties and high-temperature resistance. To ensure the
safety and reliability of SiCy/SiC composite parts during service, it is crucial to investigate the evolution of their
mechanical properties under prolonged high-temperature exposure. In this study, mini-SiC¢/SiC composites with a BN
interface were fabricated using Cansas-II SiC fibers. These mini-SiC¢/SiC composites underwent heat treatment at
1100, 1200, and 1350 ‘C for durations of 5, 10, 50, 100, and 200 h, respectively, to examine the effects of
high-temperature and long-term heat treatment on their mechanical properties and microstructure. The results show
that at 1100 ‘C, heat treatment has no significant impact on the mini-SiC¢/SiC composites. The mechanical properties
remain largely unchanged, and the contribution fractions of each stage to the overall mechanical performance remain

consistent. At 1200 °C, short-term heat treatment shows minimal effects on the mini-SiC¢/SiC composites without
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notable change in tensile strength. However, prolonged heat treatment leads to damage in the SiC fibers, thereby

decreasing their tensile strength. At 1350 °C, heat treatment significantly improves the properties of the BN interface

but causes severe damage to the SiC fibers, resulting in a marked decline in the mechanical properties of the mini

composites. As the heat treatment duration increases, the extent of fiber damage intensifies, leading to a continuous

deterioration in the mechanical performance of the composites.

Key words: Cansas-I1 SiC fiber; mini-SiC¢/SiC composite; heat treatment; acoustic emission; saturated matrix
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Schematic diagram of tensile test of mini-SiCy/SiC composites
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Fig. 2 Cross-sectional morphologies and EDS analyses of mini-SiCy¢/SiC composites
(a) Low magnification; (b) High magnification; (c) EDS results of white square marked in (a); (d) Line scan results of red line shown in (b)
Colorful figures are available on website
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Fig. 3 Stress—strain curves of mini-SiC¢/SiC composites after heat treatment at 1100 (a),
1200 (b), and 1350 C (c) for different periods
Colorful figures are available on website
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Fig. 4 Tensile stress—strain curves and acoustic emission test results of mini-SiC¢/SiC composites after heat treatment at
1100 (A), 1200 (B), and 1350 C (C) for different periods, change trend of the stress of each stage and the
contribution fraction of each stage

(a-e) Tensile stress—strain curves and acoustic emission test results for 5 (a), 10 (b), 50 (c), 100 (d), and 200 h (e);
(f) Change trend of the stress of each stage; (g) Contribution fraction of each stage. Colorful figures are available on website
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Fig. 5 Morphologies of matrix fracture and fiber pull-out of mini-SiC¢/SiC composites after heat treatment at
1100 (A), 1200 (B), 1350 ‘C (C) for different periods
(a, f) 5 h; (b, g) 10 h; (¢, h) 50 h; (d, 1) 100 h; (e, j) 200 h
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Table2 SMCS after tensile test of mini-SiCy/SiC AL FRIS )N T 50 h B, mini-SiCy/SiC & &8 K
composites after heat treatment at 1100 ‘C SMCS 5 1100 C FHubF8 [y st REAR 2, L 7t

for different periods

BTV, A e KRR (B 5B(f~h)); (H

HT time/h SMCS/pm L HAEHIN (8T 50 h S, SMCS /D, 5 i gi 1)
s 254+12 NAER, A YEPR N EZRRE (B 5B, j)-
10 247£15 223 1350 C#ibiE
50 253+13 1350 C R AALFEA R [FE mini-SiCy/SiC &
100 246+12 BRI N R 2 W1 3(e)in . W 3(c)
200 248+17 WLVEH, 7E 1350 CT#HALE)E, EaME %

PERE R 2 TR, HBEE MBI B e, S22k
1200 C FHAKLEAFR ]G, mini-SiCy/SIC & ks F ik,



978 I e

40 %

%3 1200 CT#HAEAREREJF mini-SIC/SIC
SN MIREFE SMCS
Table3 SMCS after tensile test of mini-SiC/SiC
composites after heat treatment at 1200 C
for different periods

HT time/h SMCS/pm
5 243+£16
10 239415
50 231+£18
100 197+16
200 184+13

Fz 4 1350 CT#HAEREREF mini-SiC/SIC
EAaMBENMINEFE SMCS
Table4 SMCS after tensile test of mini-SiC/SiC
composites after heat treatment at 1350 C
for different periods

HT time/h SMCS/pm
5 187+20
10 176+15
50 159+17
100 146+13
200 138+12

LG RAHRFERF 7S T 1350 C R #AAbFEAN ]
I 18] J& mini-SiCy/SiC & &4 L& B B KN 77 148
th, GRNE 4aCHFn. HERH, £ 1350 C#
WEFRZAE R, mini-SiCySIiC & A4 Bk 4 4 558 5 [
5 KL BN TE] 0 2 K 1T R S BRI FE AR S R N
VAR KA B4R, (REFTE 294 MPa ify; %
RPN IR R KA . S BTk 5 B
B AE 4C(g) A, BEE HACEERS A IE K, 25—
BEDTHER 7 LL AN 48%38 N 2] 64%; 25 B B ouk &t
M 26%38 N F] 32%; 11 55 = BTk b5 B B0,
M 26% % 3] 4%,

1350 C T~ #Ab B [F B 18] J5, mini-SiCy/SiC
AR 5 225 A I R0 A1 4 4 O TR 2
WK 5C Fras, WA SMCS 51T 3% 4. HFR 04,
1350 C#Ab# 5 iR H) SMCS Eb 1100 AT 1200 C
PALFR /N, BLBE S PAbFR (AL K, mini-SiCy/SiC
TEMER SMCS AWk )y, B 7E %R E T A
AER S, SR B U IECR, HE A #A A 3 A] 4E K
A W7 38 K, AT S5 350 4F 4 B K B O ek
(B 5C()).

3 ARSIt

KHIXZH Weibull 73 A7 73 B 48 34 40 25 1

mini-SiCy/SiC & A M k1 HAH 5 B G5 1 73 A7 FUE,
R 6 fr s, Weibull 43 At & m W3E 5 Fios.
7E 1100 CHALFE 5 1200 h Ji5, m B & KT AR A FE
AR, 0B 7E 1% 25 1F T B8R B 4 BOME AR,
mini-SiCy/SiC B &Mk E M. 75 1200 C#
REEE S FI10 h 5, m 39K, MIAEAAC RN Ak 10 h
&, m /N, X ULBFE 1200 °C FE A (] FA AL B S
mini-SiCySiC &AM R MG I, (H 4% K i [R] #4
AR FR 2> G 8RR 5 P A . 4 BV BRIE O 1350 C
I, m BEFE AL B (] 1) 2K 3G K, R TR 1%
BT, BEE A EER (A ZE K, mini-SiCySiC & &4
RLRL A 58 B 4 BB T BRI, PERRE T Ree . @il
3 AT AL 38 S5 AN [ 2H BRHS J %o B A A R AR ) S
Re MO S m /T LR BL, 76 1100 °C #4 4k # )5,
mini-SiCy/SiC EAMEIH /15 Re Rk B & . H
BE & AL ERR ] 2B, =AM BT mini-SiCy/SiC
AR s B ) ok o5 b LR FEAN R . AR
1200 C AL, Bl AACEER ] IE K, BARAEE
PRFF LR J1oR A A2 B B AR Ak, (HEE — [ B ) DT ik o
FLEZ TR B 2 62% /5 47, IXF B mini-SiCy/SiC &
Er MR 52 1 R B T I AR g LA FEAAORT 21 2 25 5
BT T M B TR A AR R AR b e 5
I TTRR & LR FEAAS, $i8H 1200 CF BN S A%
S, HCAE S R B AT AR i 05 R 4 b R T B
ZI ML . ART 1200 C B4 1453 Cansas-11 SiC £
O Pl LA SR P 2520 AL b 214 P Ak B () 8 3]
50 h W, ZF4EFin, MaE T, SRS TE
GRS RE R TTRRBE 2 R P . mini-SiCy/SiC &
G MR EAR D2 R RE T AR B B N B, JF HLBE A #A
ACERI TR SEK, AF4EMSZ AR INE, SR 56
BHEEAR J1 M REAWT AR . 7E 1350 CHUALFE S, BE
HARAHE R K, BB TTER G LR T &
64%, [FIFFE7 B H M B8 2 7 DL IE 1 1 4 28 o K
BWONEF. FR, 5B B ok B R AR
X F AR AL PR AL, 1350 C F#HAEFE 5 h )5,
mini-SiCy/SiC E &M R ZFr Bt DTk o EL A 22%
PR E 26%. X ARk R DR R AR 1Z IR T N Sk
Ji, BN FHIH 1) 45 i FE B S, i A N R
¥, ARHE T S A S a4k U HAE 1350 C
PALH S, BT T Cansas-11 SiC f- 4 1 i U5 8
MR, F4ez 3| E 505G, HEReEE TR, HtE =
B BTk o5 B KR PRGBS, M908 A AL BT ) A
B T 2 MR P, 5 AR 0 2%
“HEPEWT S IARAE, L E A MR 2 M R I A
BB I BURH, MIER UL BIERE, B
G MRLLT AL
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Fig. 6 Weibull distributions of tensile strengths of mini-SiCy/SiC composites after heat treatment at different temperature

(a) Untreated specimen; (b) 1100 C; (c) 1200 C; (d) 1350 C

#£5 A[E mini-SiC/SIC £ & #H IR
R H Weibull 5712 m

Table5 Weibull modulus (m) of distributions of different
mini-SiC¢/SiC composites after tensile test

HT time/h ”

1100 C 1200 C 1350 C

5 15.11 16.06 9.51

10 11.92 23.45 18.75

50 12.14 9.67 11.38

100 13.39 12.14 19.87

200 20.78 7.28 20.41

4 Z5ig

AW FERNER YT T il N B (8] #A A B G B A
BN FL 1 ) mini-SiCy/SiC & A #4172 1 BE A IO
PRI, EELE IR,

GEE PR SHRFAE M R B, A B RN B b
PRI A0 mini-SiCy/SiC E &R #&BY B ™A B35
SO, SRS O AR T S M RE I TTRR RS, K
20 mini-SiCySiC E-AMEHhEE. £ 1100 C
T K ERAE A JS, 526 MRk I B 5 B R A
B TR & bR R E, R — M BeoTEk o5 4
N A8%, B BTk 5 LA 22%, = B ok
G E2H 30%. YIEER E 2 1200 °C, HEE A

PRGBS =R v SR A (-8 AL B v (S P WG
I AIREK 22 50 h )&, SiC £F4EFF 4R B, £F4Ext
HAEMEL IR TR T M. X— B SBE S
PRI A i P BAEARR, Ll FAKE B[R] K 42 200 h,
=B BTk o5 L KRR R R 15% A4, E66
B RL5RE BB B . 7F 1350 C F#Ub#E )5, BN
FEERE IR TE, B M B TTEk S bR R,
T SiC 4R 4Eifn ™ &E, 4RI Tk EE RK, &
BN ST RE IR TR, HBEE AR ER R R A2 K,
SiC A 4E A FEEEAN BN, Vb ERRT [E] 9 200 h B2
S BCOTHER & BN 4%, J1tEtERERE 2 RRSE R %
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