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Fabrication of functionally graded materials of hydroxyapatite and titanium

Sungjin Kim', Ji-Hwan Park, Kyeong-Sik Cho and No-Jin Park
Department of Materials Science and Engineering, Kumoh National University of Technology, Kumi 730-701, Korea

(Received April 8, 2002)
(Accepted May 17, 2002)

Abstract Hydroxyapatite/titanium composites were prepared as 4-layered functionally graded materials (FGM) using a
spark plasma sintering (SPS) apparatus. The maximum density and the biaxial strength of hydroxyapatite/titanium com-
posites were achieved by SPS with a holding time 8 minutes at 1200°C. However, the hydroxyapatite was decomposed
tetracalcium phosphate (TetCP) at 1100°C, and calcium titanate compounds (CaTiO;) were formed. When titanium was
added to hydroxyapatite, decomposition of hydroxyapatite was occurred easily at the low temperature.
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Fig. 1. Schematic diagram of die, punch and layers of powder
(Pm : mechanical pressure).

Table 1
Sintering conditions of spark plasma sintering

SPS (Dr Sinter 1050, Japan)

Sintering apparatus

Sintering temperature 900~1200°C

Soaking time 2 min, 8§ min

Heating rate 200°C/min

Atmosphere Vacuum (0.7 X 107 Pa)
Applied pressure 5 MPa
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Fig. 2. Density variation with sintering temperature and soak-
ing time of hydroxyapatite-titanium FGM by spark plasma sin-
tering.
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Fig. 3. XRD patterns of hydroxyapatite-titanium FGM at vari-
ous sintering temperatures.
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Fig. 4. SEM microstructures of each layer of hydroxyapatlte -titanium FGM by spark plasma sintered with composition of (a) 3H-7T,
(b) 5H-5T, (c) 7H-3T at 1100°C, (d) 3H-7T, (e) SH-5T, (f) 7H-3T at 1200°C.
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Fig. 5. SEM micrographs and Ti compositional profile by EDS
analysis for the hydroxyapatite-titanium FGM.
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Fig. 6. Biaxial strengths variation with various sintering tem-
peratures and soaking time of hydroxyapatite-titanium FGM.
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