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Abstract: Al;O; has a high Young’s modulus (380 GPa), a low density (3.98 g* cm™®), good high-temperature
mechanical properties, biocompatibility and excellent oxidation resistance. Al,O3 has been used for
automotive, aerospace, bio-materials and various industrial applications. Despite its various merits, the low
fracture toughness of the material below the brittle-ductile transition temperature has limited its use for wide
application. To enhance its fracture toughness, the method commonly utilized has been to make a composite
by the addition of a second phase to fabricate nanostructured materials. In the study, nano-powders of Al;O3
and Nb were synthesized during the ball milling according to the reaction(Nb,O5+ 10/3 Al — 2Nb + 5/3 Al;03).
The nanostructured Nb-Al;O3; composite was consolidated within a short time from the milled powders using
high-frequency induction heated sintering. The average grain sizes of Al;Os and Nb in composite sintered at
1400 °C were 63 and 250 nm, respectively. The relative density of the Nb-Al,O3 composite was about 99%
under the simultaneous induced current and application of 80 Mpa pressure. The fracture toughness and

hardness of the composite were about 8.7 MPa- m"?

and 1460 kg/mm?, respectively. The fracture toughness

of the nanostructured Nb-Al;O3 composite was higher than that of monolithic Al,Os.
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Fig. 1. Temperature dependence of Gibbs free energy variation by
interaction of Niobium Oxide and Aluminum
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Fig. 2. Scanning electron microscope images of raw powders : (a)
Niobium Oxide, (b) Aluminum.
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Fig. 3. XRD patterns of raw powders : (a) Niobium Oxide, (b)
Aluminum and (c¢) milled Nb,Os+10/3 Al composite.
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Fig. 4. Plot of B,-cosb versus sinf of Nb (a) and Al,O; (b) in milled
powders
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Fig. 5. Scanning  electron microscope (SEM) image and
corresponding EDS analysis for ball-milled Nb,Os+10/3 Al
composite powder.
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Fig. 6. Variations of temperature and shrinkage displacement with
heating time during high-frequency induction heated sintering of
Nb+5/3Al,03added for various ratio.
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Fig. 7. XRD pattern of Nb+5/3A1,05 composite sintered at 1400 °C.
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Fig. 8. Plot of B,-cosO versus sinf of Nb (a) and AlL,O; (b) in
composite heated to 1400 °C.

Fig. 9. SEM image and X-ray mapping of Nb+5/3A1,05; composite
sintered at 1400 °C : (a) FE-SEM image, (b) Al mapping, (c) Nb
mapping, (d) O mapping



706 g4 AR IR A57E A11Z (20193 1Y)

Fig. 10. (a) Vickers hardness indentation and (b) median crack
propagating in Nb+5/3A1,05 composite.
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