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Synthesis of Hydroxyapatite as the Artificial Bone Materials
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Abstract

Basic studies have been conducted regarding the crystal formation of hydroxyapatite which was produced in the treatment pro-
cess of phosphate-containing wastewater using calcium ions as the precipitating agent for its employment as the material for arti-
ficial bones. The precipitation of hydroxyapatite were conducted in the synthetic solution which simulating human body fluid
for its increased applicability. Ca(NO3), -4H,0 and (NH,),HPO, were employed for the precipitation of hydroxyapatite and its
composition was analyzed after drying at 800C. The thermal behavior of precipitate was investigated by examining the change
in its crystalline structure according to the sintering temperature. DTA/TG analysis showed that the escape of moisture from the
precipitate occurred at ca. 100°C and the decomposition of ammonia and the evaporation of lattice water were brought about
at around 250°C. X-ray diffraction analysis indicated that the thermally treated precipitate consisted mainly of hydroxyapatite.
For dried precipitate, the bonds in the component materials which used for the precipitate formation were observed by FT-IR,
and after thermal treatment the major bonds in the precipitate were shown to be OH~, PO,*~, and CO;>, which were main com-
prising bonds of hydroxyapatite.
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Table 1. Chemical composition of artificial wastewater

Order Reagent Amount(g)
1 NaCl 6.547
2 NaHCO, 2.268
3 KCl 0.373
4 Na,HPO, - 2H,0 0.178
5 Mg(Cl, - 6H,0 0.305
6 CaCl, * H;O 0.368
7 Na,SO, 0.017
8 (CH,OH);CNH, 6.057
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Table 2. Ion concentrations of artificial wastewater

Ton Human plasma (mM)
Na 142.0
Cl 125.0
HCO;~ 27.0
K* 50
Mg, 1.5
Cay* 2.5
HPO,* 1.0
S0~ 0.5
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Fig. 1. Hydroxyapatite precipitation process in artificial pho-
sphorus wastewater.

Table 3. Experimental parameters for synthesis of hydroxyapatite in artificial wastewater

Beinent | om0 ot (ol Volume (n) pH
1 0.400 54 75 9.6
2 0.230 94 35 9.0
3 0.190 114 15 84
4 0.174 124 5 7.4
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Fig. 2. DTA/TG curves for powders precipitated in various reactant concentrations; (a) 0.400 M, (b) 0.230 M, (c) 0.190 M and

(d) 0.174 M.
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Table 4. Concentrations of Ca and P in the synthesized

hydroxyapatite.
Sample P(ppm) Ca(ppm) Ca/P
1 68.24 151.10 1.72
2 61.81 136.59 1.71
3 64.48 151.44 1.82
4 71.78 126.70 1.36
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Fig. 3. XRD spectrums of hydroxyapatite; (a) 0.400 M, (b) 0.230 M, (c) 0.190M and (d) 0.174 M (@: Hydroxyapatite).
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(b)

Bo1s D E-HHA

(d)
Fig. 4. SEM images of hydroxyapatite precipitate dried at 80°C; (a) 0.4 M, (b) 0.23 M, (c) 0.190M, and (d) 0.174 M.
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Fig. 5. SEM micrograph of hydroxyapatite precipitate heated
at 1250°C: 0.174 M.
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Fig. 6. FT-IR spectra of hydroxyapatite precipitate dried at
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(d) 0.174 M.
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