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Microstructure and annealing effect on fracture behavior in the dental glass-infil-
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Abstract Effects of microstructure and indentation stress on fracture behavior of glass-infiltrated alumina composite
for dental restorative application were investigated by the Hertzian and Vickers indentation method. Indentation stress-
strain curve of glass-infiltrated alumina has showed the quasi-plastic behavior - deviation from linearity at high stress
and the classical Hertzian cone crack, which could be confirmed the subsurface damage micrographs using bonded-
interface specimen technique. The indentation stress-strain curves for the starting preforms are strongly dependent on
porosity and microstructure of the preforms. On the other hand, the curves for the infiltrated composites are relatively
insensitive to these factors. The failure of composite is originated at quasi-plastic deformation region. Damage and
fracture behavior due to Hertzian stress field is theoretically examined, so that the indentation stress field plays a great
role in material degradation. After Hertzian indentation annealing processing changes fracture behavior of alumina
composite, so that stress field in material is healed through annealing.
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Chemical Compositions of Glass Infiltrated

Material Composition (wt%)
La,04 41.0
AlLO, 15.6
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Si0, 16.3
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Bonded interface
Fig. 1. Schematic of Hertzian contact test, with sphere of
radius r at load P over contact radius a.
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Fig. 2. Scanning electron micrographs showing the crack

propagation of glass-infiltrated alumina. (A) dry-pressed

alumina and (B) slip-cast alumina. Micrographs are backs-
cattered electron images.
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Fig. 3. Indentation stress-strain curves of glass-infiltrated
alumina.
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Material properties for glass-infiltrated alumina and glass

Material Density (g/cm®) Young’s modulus (GPa) Hardness (GPa)  Toughness (MPa - m'?)
Slip-cast alumina 3.85 288 119 2.8

Dry-pressed alumina 3.83 260 115 2.5

Glass 3.67 125 6.8 1.0
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Fig. 4. Fracture test results in slip-cast alumina. (A)

Damage after single indentation with WC ball, r=3.18

mm at P =2500N, and (B) Failure origin inside quasi-
plastic deformation zone.
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Fig. 6. Top surface views of Hertzian contact damage in

slip-cast alumina. (A) Vickers indentation at P= 30N

without annealing, and (B) Vickers indentation at P=

100 N with annealing. Nomarski optical micrographs are
shown.
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Fig. 7. Failure origin in Hertzian indented alumina at

P = 2500 N without (A, B) and with (C, D) annealing. (A)

slip-cast alumina without annealing, (B) dry-pressed alu-

mina without annealing, (C) slip-cast alumina with anne-

aling, and (D) drfipressed alumina with annealing. Frac-

ture tests were performed in 3 point bending test following
Vickers indentation at P = 50 N,
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