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ABSTRACT

Hertzian indentation tests with sphere indenters were used to study the mechanical properties of glass-in-
filtrated alummina and spinel composites, and evaluated the effect of preform microstructure and glass con-
tents on contact damage and strength. The spinel composite showed more briltle behavior than the alumina
composite, which is verified from indentation stress-stramn curve, cone cracks and quasi-plastic deformation
developed at subsurface. Faillure originated [rom either cone cracks(brittle mode) or defermation zone(quasi-
plastic mode) abave crtical load tor cracking(P.) and yield{P,), with the brittle mode more dommant in the
spinels and the guasi-plastic mode more dominant m the aluminas. Even though brittle mode was dominant
m the spmel composites, the strength degradetion from accmmulation of damage above these criical loads
was conspicucusly small, stiggesting that the glass-imfiltrated composites should be highly damage tolerant lo
the blunt contacts.
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Fig. 1. Schematic of Hertzian contacl test, with sphere
of radius » at load P over contact radius a
Specimen is pre-sectioned{verlical dashed line)
to form bonded-interface specimen.
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Fig. 2. Scanning electorn micrographs showing microstructure of glass-infiltrated composites: (A} alumina, 20
voldb glass; (B) alurmma, 30 vol% glass; (C) spmel, 12 vol% glass: and (D) spmel, 20 vol% glass.
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Table 1. Material Parameters (means+standard deviations) for Glass-Infiltrated Alumina and Spinel Composiles

; . o (Glass content Young's modulus Hardness Toughness
Material PIEfOIITI (VO]%) (G’PEI.) H(GPa) Y‘u(N[Pa m.’ )
Alurmna Slip-cast 20 27149 12.30.5 2.89x0.2
Alumina Dry-pressed 30 254+4 11.8+0.4 246+0.2

Spmel Dry-pressed 12 212+7 11.6+0.4 1.79+0.2

Spinel Dry-pressed 20 20313 1G.6+0.4 1.88+0.2

Glass Infiltrate - 101+3 7102 09201
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Fig. 3. Indentation stress-strain curves: (A) alumina
and (B) spinel. Data points represent in-
dividual mdentations on 2-12 polished speci-
mens of each material, in air, at a crosshead
speed 0.2 mm/min.
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Fig. 4. Half Surface(upper) and section(] 0we1) VIEWS of He1t21an contact damage for glass-infilirated composites:
(A) alumina, 20 vol% glass; {B) alumina, 30 vol% glass; (C) spinel, 12 vol% glass; and (D} spinel, 20 vol%e
glass. Traces of both cone cracking and quasi-plasticity arve observed with Nomarsk: aptical micrographs.
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Fig. 6. Strength of glass-infillrated compesites after
indentation with WC sphere, y=3.18 mm, as
function of contact load: {A) alumma, shp-
cast. 20 vol% glass; (B} alumina, dry-pressed,
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dicated form Fig. 5.
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