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ABSTRACT

Fracture characteristics and damage tolerance of Al,Os/Al composite prepared by reactive metal penetration were examined in terms
of the penetration direction. The composite represented improved properties in fracture toughness as compared to Al,O3 monolith and
in hardness as compared 10 Al. Damage pattern of the composite in Vickers indentation was different with microstructure depending
on penetration direction. Damage mode of the composite in Hertzian indentation showed a transitional response between Al,O5 and
Al monoliths. Through the strength degradation tests after Hertzian indentation. we could observe an enhanced flaw-insensitivity of
the composite and a dependence of microstructure in higher Hertzian indentation loads. The relationship among penetration direction,
microstructire, and damage resistance was discussed.
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Fig. 1. Schematic diagrams of metal penetration and test
directions: (A) metal penetration direction, (B) parallel
direction and (C) perpendicular direction.
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Fig. 2. X-ray diffraction patterns of (A) Al,O4/Al composite,
(B) Al and (C) amorphous quartz glass(5iO,).

Fig. 4. Scanning electron micrographs of Vickers impressions
in Al,Os/Al composite: (A) parallel direction and (B)
perpendicular direction.

Table 1. Effects of Microstructure on Plastic Impression and
Hardness in Al;0s/Al Composite

p:;; rties BT? Parallel Direction* P[e)f;:;?;iljlil
a/b ratio 098 ~ 1.02 1.1 ~12

a-hardness(GPa)*** 4.4 ~ 4.8 231 ~ 3.59

b-hardness(GPa)*## 45 ~ 4.8 37 ~ 44

*Test plane for hardness as shown in Fig. 4(A) and Fig. 5(A).
~~Test plane for hardness as shown in Fig. 4B) and Fig. 5(B).
‘Measured direction after Vickers indentation as shown in Fig. 3.
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Fig. 5. Schematic diagram for Vickers indentation to measure
hardness with penetration direction, showing different
microstructure: (A) parallel direction and (B) perpen-
dicular direction.
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Fig. 6 Optical micrographs of Hertzian contact damage
showing half-surface(upper) and section(lower) views
from bonded-interface specimen: (A) Al,O; monolith,
(B) Al,04/Al composile, and (C) Al monolith.
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Fig. 7. Strengths of Al,O3/Al composite with different direc-
tion after Hertzian indentation, as a function of inden-
tation load P. Tnset micrographs show failure origins at
P =2250 N: (A) parallel direction and (B) perpendicular
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minimum ol 5 specimens at each Joad.
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