398 H3 M T WL MR 2 AR Vol. 39 No. 3
2024 £ 3 H Journal of Inorganic Materials Mar., 2024

FRILX DOI: 10.15541/jim20230352

F==4K 2.5D SiCy/SiC E5# B HR E 1= 1E8E

EHRME, K ooL, FITIT, MR, £ &, F %, XA, KEE

l,
(BRI RF BSGELEHLGMMEEERE, BL 710072)

W OE: BRI R EE ST A MRKSICYSIC) R T — R R BIILI A g i b t, FC T 1 B S e s+t
BRI EE RN R — i, REFRRAE T E™ =4 2.5D SiCy/SiC I S VERE, JHR 7K SA R AR K
K Fo F BN/ B AR b AR R B BT T 2.5D SiCySiC H % ATk A N R FLITT S B B 1 (TFSS), AR
Y W VAR HH 2T 4 5 W 20 T A2 15 B 1 EF AR SR S (o, VI BT o0 A, I I £ MEHE NGRS 21 5 1T BY D) 4R (ISS)
MIFHHE R BE(G). &5 RR W] I 25 A5 & 40 K 77 ik e g A 4 I L IR SiCySiC MWAIER RS A Bl i 24 Bt &6 A
R B (% LI A7 25 PR B, 2.5D SiCySiC 1) IFSS. 1SS Al G; 73 14 56 MPa. (28+5) MPa £1(2.7£0.6) J/m?, ISS Fl G;
WAL, RAFMLE ST, RN ER T 5 ERa, i IFSS BK, 3 W FHIH BB 5 21 4 5 6 4 R HE 6 v 34
R, BERG T AR 4ed i, AR T RIELF 4o E A . ARHEIRAT (0 S PERE AN 22 30 ACK BEAY, CAT M T0000 i L
BIRBRRL 73, 485G og, T T 2.5D SiCy/SiC HYFLAN GRS o Hr {5 B2 T & T S B, X 55 LT AL A% i) ok A s 2
I VA B A YE AR 3 B FR AR BN T R

X $# i7:2.5D SiCySiC; Riffh/En gy, F4EHN; FImsyv)ReE; Rmligine, FEEsiN

FESES: TB332 XEMRER: A XEHRS: 1000-324X(2024)03-0259-08

Interfacial Mechanical Properties of the Domestic 3rd
Generation 2.5D SiC,/SiC Composite

GUAN Haoyang, ZHANG Li, JING Kaikai, SHI Weigang, WANG Jing,
LI Mei, LIU Yongsheng, ZHANG Chengyu

(Key Laboratory of Ultra-High Temperature Structural Composites, Northwestern Polytechnical University, Xi’an 710072, China)

Abstract: Continuous silicon carbide fiber reinforced silicon carbide composite (SiC¢/SiC) is a critical structural
material for the development of next-generation aircraft engines. The interfacial property is one of the important
factors determining the material mechanical properties. Therefore, this study characterized the interfacial
mechanical properties of domestic third-generation 2.5D SiCy/SiC and investigated its relationship with tensile
properties. The residual stress of the 2.5D SiC¢/SiC constituents and interfacial sliding stress (IFSS) were
quantitatively analyzed by hysteresis characteristics during the cyclic tension loading/unloading test. Statistical
distributions of the in-situ fiber strength (o) were obtained based on the fracture mirror radius of pull-out fibers.
Interfacial shear strength (ISS) and interfacial debonding energy (G;) were obtained through the push-in method.
Results show that combination of macroscopic and microscopic methods can comprehensively describe the

interfacial mechanical performance of 2.5D SiC¢/SiC from crack initiation to final debonding. The IFSS, ISS, and G;

Weis B HA: 2023-08-02; W Bl ETR AHA: 2023-10-12; MHAREHI: 2023-10-15
HEWB: MRl %54 (U2241239) Ye Qisun Science Foundation (U2241239)
fEE T BEFH(1999-), 5, Ml LHF 5Lk, E-mail: guanhaoyang@mail.nwpu.edu.cn
GUAN Haoyang (1999-), male, Master candidate. E-mail: guanhaoyang@mail.nwpu.edu.cn
BIEEE: skFER, #U%. E-mail: cyzhang@nwpu.edu.cn
ZHANG Chengyu, professor. E-mail: cyzhang@nwpu.edu.cn



260 1 A 7 < = S

539 %

of 2.5D SiCy/SiC are 56 MPa, (28 + 5) MPa, and (2.7 + 0.6) J/m?, respectively. Values of ISS and G; indicate weak

interface bonding, causing it susceptible to cracking under shear stress, while the large IFSS suggests that relative

fiber sliding is inhibited after interface debonding, hindering fiber pull-out. The obtained interfacial properties can

predict the proportional limit stress (op g) accurately according to the ACK model. Based on the interfacial

properties and the in-situ fiber strength ( oy, ), the tensile strength of 2.5D SiCSiC is predicted to be higher than the

experimental value, which is related to the interfacial radial compressive residual stress and residual tensile stress

endured by the fiber.

Key words: 2.5D SiCy/SiC composite; tensile loading/unloading; push-in; interfacial shear strength; interfacial

debonding energy; interfacial sliding stress
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Fig. 1 Fabric preform and dimensions of 2.5D SiC¢/SiC tensile specimen
(a) Schematic of 2.5D woven preform; (b) Dimensions of the tensile specimen (in mm)
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Fig. 3  Stress-strain curves during the loading/unloading test
of 2.5D SiC{/SiC (a) and schematic of typical hysteresis loop (b)
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Table 1 Experimental results and related parameters

from the loading/unloading cycle test

o,/MPa o, /MPa E*/GPa O/ %0 £p/%
200 72 188 2.67x107 0.110
220 96 160 4.10x107 0.136
240 100 139 6.18x107° 0.167
260 110 120 1.06x1072 0.205
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Hi-Nicalon S PyC CVl Mini composite - 10 (Hysteresis loops) - [18]
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