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Toughening of SiC Whisker Reinforced Al;O3 Composite
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Abstract In this paper, the fracture toughness and mechanisms of failure in a random SiC-whisker/Al;O4
ceramic composite were investigated using in situ observations during mode I(opening) loading. SiC,/Al;O3
composite was obtained by hot press sintering of Al;O; powder and SiC whisker as the matrix and
reinforcement, respectively. The whisker and powder were mixed using a turbo mill. The composite was
produced at SiC whisker volume fraction of 0.3%. Compared with monolithic Al;Os, fracture toughness
enhancement was observed in SiC,/Al;O3; composite. This improved fracture toughness was attributed to SiC
whisker bridging and crack deflection. SiC,/Al;O3 composite exhibited typically brittle fracture behavior, but
a fracture process zone was observed in this composite. This means that the load versus load-line displacement
curve of SiC,/Al,O3 composite from a fracture test may involve a small non-linear region near the peak load.

Key words fracture process zone, crack-tip microcracking zone, crack-flank fiber bridging, crack deflection,

breakage, interfacial shear traction.
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Table 1. Mechanical properties of SiC whisker and Al,O;
ceramics.

Young's Modulus  Thermal expansion

Material

(GPa) coefficient (10°%/°C)
SiC whisker 840 4.8
AL O; ceramic 400 8.5
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Table 2. Specifications of CT specimens.
Specimen ‘W(mm) W-a, (mm) B (mm) B, (mm) W, (mm) 1, (mm)
24 11 10 4 4 0.39
Small-CT 24 11 10 4 4 0.78
Large-CT 48 21 14 8 4 0.39
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Fig. 2. Load-load line displacement curves of small and large
CT specimens.
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Fig. 3. SEM photograph of fracture process zone.
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Fig. 4. Schematic illustration of 3 types of fracture mode in
brittle matrix composites.
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Table 3. Fracture toughness values of SiC,/Al,0; composite.
. . Total Ave.
Specimen Notch radius (mm) Kic (MPaJEl) Ave. Ko (MPaJEl) (MPa A/ﬁ)
0.39 6.26 6.79 6.55 6.53
Small-CT 0.78 7.49 5.60 6.05 6.38 6.58
Large-CT 0.39 6.77 7.35 6.34 6.82
A T, Bt ARA FEFA, We ARH] o4 4R 290 A9L B FReE Zo] oy
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73] Ar st AL o] HaA o))

IFHo g Ao AL oF 6962 HHHF S o
HAGAIFolA ] 658 Hls| oF 5.8%2 HALE Ho]

2 AT o2 AR FE g9ogE HEY EAE

Table 4. Fracture toughness values obtained by IF test method.
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Specimen Kc (MPa./m) Ave. K¢ (MPa./m)
. . 5.59 6.96 7.51
SiCw/ALO; composite 793 5.60 812 6.99 6.96
. 4.03 2.96 3.31
Al,O; matrix 285 306 310 3.80 3.30
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Fig. 5. AE behavior of SiC./AL,O; composite during the test
time.
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Fig. 6. SEM observation of fracture surface.
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