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Using carboxylate ion-containing octacalcium phosphate as a starting material, we
investigated to establish design guidelines for calcium phosphate artificial bones with
excellent damage tolerance properties. The material, prepared by pressure molding
octacalcium phosphate containing isophthalate ions and sintering (1000 C , 24 hours,
nitrogen atmosphere), showed amazing damage resistance and did not break even when
driven with a nail. This unique property is due to the layered structure of the material, which
can deflect and guide cracks. The results of this study are expected to be useful as
guidelines for the microstructural design of next-generation bioceramics that exhibit
excellent damage tolerance.
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Tablel Summary of the Vickers hardness and nailing test results of sintered-body samples prepared
from Iso-OCP compacts using various heat-treatment temperatures and holding times.

Holding Heat treatment temperature (°C)
time (h) 900 1000 1100
1 Vickers hardness 4.7 9.2 9.6
(kgf/mm?)
Nailing test Pass Fail Fail
12 Vickers hardness 5.3 83 94
(kgf/mm?)
Nailing test Fail Fail Fail
24 Vickers hardness 9.3 11.7 11.7
(kgf/mm?)
Nailing test Pass Pass Pass
48 Vickers hardness 8.4 9.4 12.3
(kgf/mm?)
Nailing test Fail Fail Fail
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Fig.2 Raman spectrum of (a) isophthalic acid and
(b) sintered body prepared from Iso-OCP.
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Table2 Comparison of the maximum bending stress, maximum bending strain, Young’s modulus, and
Vickers hardness values of sintered-body samples prepared from Iso-OCP and HAp compacts.
All the sintered-body samples were heat treated at 1000C for 24 h.

Starting material used for sintered-body sample

Properties of sintered-body sample

Iso-OCP HAp
Maximum bending stress (MPa) 11.7 39.1
Maximum bending strain (x10) 2.8 2.2
Young’s modulus (GPa) 5.3 26.0
Vickers hardness (kgf/mm?) 11.7 126.6
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Fig.3 Post-nailing-test images: (a) sintered- Fig.4 Cross-sectional scanning electron microscope
body samples prepared from Iso-OCP images: (a) sintered-body samples prepared from
compacts and (b) HAp sintered body. Iso-OCP compacts and (b) HAp sintered body.
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