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Abstract: Localized mechanical properties of composite components (fiber, matrix, and interface) are critical pa-
rameters bridging the composition, microstructure and macro-mechanical performance of continuous fiber-reinforced
ceramic matrix composites (CFRCMCs). However, they are difficult to be acquired and decoupled from bulk compos-
ites based on the traditional macro-mechanical testing techniques, due to their limited testing volumes and complex
heterogeneous composite structures. The above questions has been solved recently by novel nano/micro mechanical
testing and focused ion beam milling (FIB) techniques, which provide powerful tools to quantify the micro-mechanical
properties of CFRCMCs. In this paper, recent progress in micro-mechanical properties of CFRCMCs was firstly re-
viewed, with special emphasis on the in-situ modulus and toughness of ceramic fibers and matrix, and the shear property
of fiber/matrix interface. Following that, a criterion based on the He-Hutchinson cracking model was proposed to pre-
dict the macro mechanical performance of CFRCMCs by using those micro-mechanical parameters.
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Fig. 1 (a) Young's modulus of the AS fiber in AS¢/SiO, com-
posites prepared at different temperatures as a function of pen-
etration depth; SPM images of the nanoindentation imprints of
AS/SiO, composites fabricated at 600°C (b) and 1200°C (c)!'®
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Table1l Interfacial bonding strength of typical CFRCM Csinvestigated in our research group
Composites Interphase 7/MPa Flexural strength/MPa Fracture mode Ref.
) None 105 23 Brittle
PIP 3D Cy/SiC [19]
PyC 30 378 Toughened
None 293 45 Brittle
PIP 3D Nextel440 ASy/SiC [34]
PyC 42 163 Toughened
None 537 230 Brittle
Sol-Gel 3D SiC¢/Mullite [46]
PyC 155 35 Toughened
None 450 90 Brittle
PIP 3D SiCy/SiC (28]
BN 50 200 Toughened
Sol-Gel 3D ALF AS¢/SiO,(600°C) None 50 105 Toughened [10]
Sol-Gel 3D ALF ASy/Si0,(1200°C) None 260 45 Brittle

*PIP: Precursor infiltration and pyrolysis; ASg: Aluminosilicate fiber

- Debonding . &

Bl 10 BAL4ETR AL G AS/SIC (a)f! AS/C/SIC (b)E &
FEHENEF 41 SEM Jif B4

Fig. 10 SEM images of the pushed fiber in AS¢/SiC (a) and
AS{/C/SiC (b) composites®*
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K 25 20 73 (A S A B W 70 2 S 3R B S AL Ao
BRI R CFRCMCs fOVE 11 2481 7T
TAER LR, 1 H-H BB HH CFRCMCs 1750 77
AT NI HER B B2 R .

R4 H-H #7%, CFRCMCs $¢407E 1 K A
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AR YD) AT B W ) Ko AR
P AR5 THEAFR], Hd Kie "R AEE 2 50 4
T =R
=K |E (15)
MRAE H-H R, AR I 25 AN [R) I i) 4% 11
PIP SiCy/SiC LA} SiCyBN/SiC 5 & BHK % M 115
1T RHAT T A, &4 500 )5 2 80L& H-H 5
TUFFH) 25 543 ) W25 2 A 1128, d I mr WL, SR H
H-H BB FH] SiCySiC B & MRS LL T 27 B A A%
&, SEMELEIERRAT N, X EEH SIC/SIC &
AR AN TG R N . B )M = B EG
1Mt SiCyBN/SIC H&ME, B TR REFKH

2 ERRHEAFEXEERMEMTM SICI/SIC F SICY/BN/SIC EEMRHMMHEFESH
Table2 Micro-mechanical parameters of SIC{/SiC and SiC/BN/SiC compositesinvestigated in Liu’s group!?®

Composites E,/GPa E/GPa In/(3m?) T/(I'm™?)  EpNinerphas/GP2 TN interphase/(Jm )
SiCy/SiC (800°C) 118 160 49 29 - -
SiCy/SiC (900°C) 170 160 15 29 - -
SiCy/SiC (1000°C) 256 160 5 29 - -

SiC/BN/SiC - 160 - 29 70 4
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Fig. 11 Predictions on macro-mechanical behavior of
SiC¢/SiC and SiC¢/BN/SiC composites based on H-H model™®®!
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