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Antiseptic apatite-based calcium phosphates were prepared as the single-phase powders. Phosphocalcic
oxygenated apatites were synthesized from calcium salts and orthophosphate dissolved in oxygenated water
solution at 30%, under the biomimetic conditions of 37 °C and pH 7.4. The characterization and chemical analysis
of the synthesized biomimetic apatite powders were performed by scanning electron microscopy (SEM), powder
X ray diffraction (XRD), Fourier-transformed infrared spectroscopy (FT-IR) and chemical analysis. The obtained
materials are a calcium deficient apatites with different morphologies.
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1. Introduction

Phosphocalcic oxygenated apatites are among the most promis-
ing calcium phosphate apatites because of there antiseptic properties
which make them able of limiting the proliferation of micro-organisms
at the site of implantation'. These properties are due to the oxygenated
species (peroxide ions: O,> and/or molecular oxygen: O,) contained
in the channels of the apatitic structure'2. These species were liber-
ated in the living environment either by progressive dissolution of the
material, or by chemical exchange with the living environment'. The
peroxide ions thus liberated act in situ to destroy the micro-organisms
with a well known effectiveness for these species'. The molecular
oxygen acts in a specific manner on anaerobic micro-organisms while
locally increasing the partial pressure of oxygen'.

Phosphocalcic oxygenated apatite powders have generally been
synthesized by using aqueous solutions!.

In this study, phosphocalcic oxygenated apatite powders were
prepared at the physiological conditions of pH 7.4 and 37 °C using
calcium salts and phosphoric acid as Ca and P precursors. Their
characteristic were discussed and compared.

2. Experimental

The preparation of phosphocalcic oxygenated apatites were
performed by precipitation reaction with calcium and phosphate
solutions:

The calcium solution (1 M) was prepared by dissolution of cal-
cium salt (CaCO,, Ca(NO,), or CaCl,) in oxygenated water (30%).

The phosphate solution (0.6 M) was prepared by adding phos-
phoric acid (84%) in oxygenated water (30%).

The synthesis method consists in putting the calcium solution
into 1 L capacity reactor maintained at 37 °C. The pH was adjusted
to 7.4 by manual addition of NH,OH solution (d = 0.92). Then the
phosphoric acid solution was poured into the reactor all at once. The
reacting medium was kept under agitation for 4 hours at the pH value
of 7.4. At the end, the suspension was vacuum filtered, washed with
distilled water and air dried.
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X ray diffraction analysis was carried out by means of a SEIFERT
XRD 3000 P using CuK radiation.

For infrared absorption analysis, 1 mg of the powered samples
was carefully mixed with 300 mg of KBr and palletised under
vacuum. The pallets were analysed using a Perkin Elmer 1600 FTIR
spectrophotometer.

Scanning electron microscopy was used for morphological in-
vestigation by means of SEM, Cambridge 360.

Calcium, phosphorus and oxygenated species contents were
determined by wet chemical methods:

Calcium was titrated by complexometry’. The error on the calcium
content is around 0.5%.

Phosphorus content was analysed by colorimetry®. The accuracy
of this dosage was determined with a relative error of 0.5%.

Molecular oxygen was determined by measuring the volume
displaced during the acid dissolution of powder Using asbestos sodé
to adsorb the CO, released'. The same dosage was achieved without
using asbestos sod€; the quantity in carbonate ions is determined by
the difference between the two volumes. Uncertainty in these dos-
age is about 2%.

Peroxide ions were titrated by manganimetry®. The relative error
on this dosage is approximately 1%.

3. Results and Discussion

The prepared material presents a yellowish colouring character-
istic of phosphocalcic oxygenated apatites®!*!!.

The X ray diffraction data of as-dried powder (Figure 1) shows
its poor crystallinity. Its diffractogram closely resembles that of
bone!>13,

The infrared spectra (Figure 2) confirm the presence of
PO, (1096-1036 cm™ and 606-562 cm™), OH~ (3566 cm™), H,O
(1640 cm™ and 3430 cm™) and HPO,* (874 cm™') which exists in
non-stiochiometric hydroxyapatite (HAP)'*. However, the spectrum of
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Figure 1. XRD patterns of obtained powders.
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oxygenated apatite prepared from CaCO, present of the bands ascrib-
able to the carbonate ions CO* (1412 and 1465 cm™) which do not
disappear after calcination of this apatite at 900 °C for 2 hours (Fig-
ure 3). This proves that these carbonate ions are of type B15. These
ions can be to come only from calcium carbonate used like calcium
precursor. The Figure 3 shows yet the absorption band corresponding
to the OH™ vibrationnelle mode (3566 cm™) and the OH~ bending de-
formation mode (633 cm™") which exist in HAP'® and a characteristic
band (985 cm™) of B-TCP'>. The thermal decomposition reaction has
been proposed to occur in according to the reaction observed in the
case of non-stiochiometric phosphocalcic HAP'":

Ca, (HPO) (PO, (OH), —

(I-x)Ca (PO,) (OH), + 3xCa,(PO,), + xH,O (1)

The presence of HAP' and B-TCP" is confirmed by XDR
(Figure 4).

The aspect of the synthesized powders suggests the typical apatite
appearance as shown in Figure 5. These photomicrographs suggest
porous aggregates of particles prepared from CaCO,, very compact
grains of particles prepared from CaCl,, intermediate aspect of par-
ticles prepared from Ca(NO,),. The porosity of the apatite prepared
from the CaCO, can be due to release of CO, during the attack acid
of CaCO, by hydrogen peroxide.

The variety of morphological states of these biomaterials broad-
ened their field of biomedical application. As the porous apatites
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Figure 3. FT-IR spectra of carbonated oxygenated apatite after calcination
at 900 °C for 2 hours.
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Figure 2. FT-IR spectra of obtained powders.
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Figure 4. XDR pattern of carbonated oxygenated apatite after calcination at
900 °C for 2 hours.
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Figure 5. Scanning electron microscopy of as-dried powder.

exhibit strong bonding to the bone; the pores provide a mechanical
interlock leading to a firm fixation of the material®. Bone tissue grows
well into the pores, increasing strength of the apatite implant. It is
realized that dimension and morphology of pores are crucial factors
for an excellent osteointegraton. As for dense apatite, they are used

for the formation of ceramic blocks with different forms and for the
recovery of implants?'.

The chemical analysis (Table 1) shows that the obtained materi-
als are a calcium deficient apatites with Ca/P ratio and following
chemical formulas:
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Table 1. Results of the chemical analysis of prepared apatites.
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Starting salts Obtained Ca/P* Chemical formulas of products®
CaCO} 1 59 Ca9.27(PO4)5.56(HPO4)0.29(C03)0. 1 (OH)O.(JS(0227)0.20(02)0.21
Ca(N03)2 160 Ca9.57(PO4)5.88(HPO4)0,l2(OH)Q62(0227)0432(02)0.44
CaClZ 1 60 Ca9.59(PO4)5.82(HPO4)0, 1 S(OH)0.74(O227)043 1 (02)0.45

*: A(Ca/P) = £ 0.01; A(Ca) = £ 0.005; A(PO,) = + 0.005; A(HPO,) = £ 0.01; A(CO,) = + 0.02; A(0,>) =+ 0.01; A(O,) =+ 0.02.

4. Conclusions

Single-phase phosphocalcique oxygenated apatite powders were
synthesized by a novel chemical precipitation technic at the physi-
ological conditions of pH 7.4 and 37 °C. The produced powders were
shown to have poor crystallinity and various compositions and mor-
phological states what widened their biomedical applicability.
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