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Fabrication of functionally graded materials of hydroxyapatite and zirconia
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Abstract Hydroxyapatite-yttria stabilized zirconia bioceramics containing fine zirconia particles were prepared as
3-layered functionally graded materials (FGMs) using a spark plasma sintering (SPS) and hot pressing (HP) apparatuses.
The pretreatment of the raw hydroxyapatite promoted the sinterability of hydroxyapatite. The maximum density of
pretreated FGM composites could be obtained at lower temperature than that for the untreated FGM samples. No
decomposition from hydroxyapatite to three calcium phosphate (TCP) was observed in FGMs of HAp-ZrO, sintered
below 1200°C for 8 min under 10 MPa by SPS. However, the transformation of the tetragonal zirconia to the cubic
modification had occurred in FGMs at this temperature. The presence of zirconia i.e. stress induced transformation of
zirconia may be expected to enhance the mechanical properties of HAp-ZrQ, FGM. The SPS is concluded as a better
method to fabricate the FGM with dense and high strength compared with HP process.
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Table 1
Sintering conditions of two different sintering method
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Fig. 1. Heating schedule of spark plasma sintering.

Sintering apparatus SPS(Dr Sinter 1030, Japan) HP(HP-20-3560-FP20, USA)
Sintering temperature 1000~1300°C 1000~1300°C

Soaking time 8 min 60 min

Heating rate 200°C/min 20°C/min

Atmosphere Vacuum (0.7 % 107%Pa) Ar

Applied pressure 5 MPa, 10 MPa 10 MPa
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Fig. 2. Density variation with sintering temperature of
hydroxyapatite by spark plasma sintéring.
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Fig. 3. Density variation with sintering temperature of
FGM of hydroxyapatite-zirconia ceramics by spark plasma
sintering and hot pressing.
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Fig. 4. The effect of applied pressure on the density of
FGM of hydroxyapatite-zirconia ceramics with spark plasme
sintering temperature.
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Fig. 5. XRD patterns of FGM of hydroxyapatite-zirconiz
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Fig. 6. SEM micrographs of FGM of hydroxyapatite-zirconia ceramics by spark plasma sintering at 1200°C for 8 min with
10 MPa pressure: normal planes of (a) 3H-7Z, (b) 5H-5Z, (c) 7H-3Z and boundary layer for radial planes of (d) 3H-7Z anc
5H-5Z, (e) 5H-5Z and 7H-3Z.
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Fig. 7. SEM micrographs and Ca content profile by EDX.
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Fig. 8. Three point bending strengths of FGM of hydro-
Xyapatite-zirconia ceramics by spark plasma sintering with
various temperature and at pressure.
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