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Synthesis of Ultra-fine Calcium Phosphate Powders from Ca(OH),
Suspension and Various Phosphoric Aqueous Solutions
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ABSTRACT

Ultrafine calcium phosphate powders were synthesized by ihe reaction of Ca(OH); suspension with various
phosphoric aqueous solutions such as (NH.HPO,, FELF.0; and H.PO,, and the characterization of powders
was examined for each synthetic condition, When (NH,).HP0Q, and H;PO; were used, hydroxyapatite powders
with poor crystallinity were cbtained. In the case of HyP:(v, amorphous calcium phosphate was obtained up
to 0.3 mol/l Ca{OH). suspension, but above the concentration, poor crystalline hydroxyapatite was produced.
Crystaltine phases of powders heat-treated al 800 were hydroxyapatite, f-tricalcium phosphate and f-tricaleium
phosphate for the case of (NH)HPQy, H,P:0; and HsPO, respectively. SEM observation revealed that the
shapes of synthesized powders were vigorously agglomerated spherical with the size below 100 nm, but TEM
observalion revealed that primary shapes of particles were rod for (NH.HPO, and H;PO,, and were sphere
for H,P,0,. There was no dependence of the concentration of Ca(OH) suspension. In the case that reaction
temperature and pH of the suspension were rased, the inclination to the hydroxyapatite were remarkable.
The amorphous calcium phosphate synthesized in this experiment contained water about 20%, and was cryslatli-
zed 1o B-lricalcium phosphate at 6907,
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Fig. 1. Changes of pH value 1o reaction liquid with

Ca(OH); suspension and various kinds of phos-
phoric solutions.

{Ca{OH)y conc.: 0.3 mol/, Ca/P ratio=1.50,
(A): (NHO.HPO,, (B): HP.O; (C: HaPOy)
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Table 1. Phase analysis of powders synthesized from
Ca(OH), suspension and various phosphoric
solutions with reaction time by XRD patte-
ms

Reaction Time

Series| P Sources

10 min | 30 min 1 hr 24 hr
(A) |[(NH.).HPO,p-HAp, Clp-HAp, Clp-HAp. C|p-HAp, C
B HyP:04 ACP ACP ACP | p-HAp
© | HPO, | pHap | pHAp | pHAp | pHap
p-HAp: hydroxyapatite wilh poor crystallinity
ACP: amorphous calcium phosphate
C: unreacted calcium hydroxide
—
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Fig. 2. XRD patterns of synlhesized powders with va-
rious reaction time m (B) series.
(Ca(OH); conc.: 0.3 mol#, Ca/P ratio=1.50}
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Fig. 3. FT-IR spectra of powders synthesized from
Ca(OH}, suspension and various kinds of phos-
pharic solutions.
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Fig. 4. XRD patterns after powders m Fig. 3 were
heal-treatment at $00°C.
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Table 2, Phase anzlysis of powders synthesized at va-
rious Ca(OH): concentration by XRD paite-
rns

Seres P Sources Ca{OH), Concentration (mol/D) J

i 0.1 0.3 0.5 1.0
(A |(NH.)HPOyp-HAp. C|p-HAp, C|p-HAp, C|p-HAp, C
(B | HiPOs ACP ACP | p-HAp | p-HAp
() H4PO, p-HAp | p-HAp | p-HAp | p-HAp

p-HAp. hydroxyapatite with poor crystallinity
ACP. amorphous calcium phosphate
C: unreacted caleum hydroxide
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Table 3. Phase analysis of powders synlhesized at various Ca/P mole ratio by XRD patterns

Ca/P Mole Ratio
Series P Sources
1.0 1.25 1.5 L.753 20
(A) (NH).HPO, p-HAp, C p-HAp, C p-HAp, C p-HAp, C p-HAp, €
(53] H4P:0; DCPD DCPD ACP p-HAp p-HAp
<) H.POy U U p-HAp p-HAp p-HAp

p-HAp: hydroxyapatite with poor crystallinity
ACP: amorphous calcium phosphate

DCPD: dicalcum phosphate dihydrate

C: unreacted calcium hydroxide

U: unidentified materials
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Fig. 5. SEM and TEM micrographs of powders synthesized from Ca(OH). suspension and various kinds of phos-
phoric solutions (Symbol represent sample in Fig 3).
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