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Hydroxyapatite (HAP), Ca10(PO4)6(OH)2, is a bioceramic which have
application in bone substituate materials. It is similar to the mineral
phase of human bone. The preparation of hydroxyapatite powders or
films with controlled morphology, stoichiometry, crystallinity and parti-
cular size in the nanometer range has the main role in production of
materials. It depends on the precursors, solvent and temperature. Chelating
agents (ethylenediamine tetra-acetic acid, EDTA, acid and sodium salt)
have been used to prepare inorganic powders by sol gel process. We have
investigated the effect of nature EDTA (acid or sodium) on the compo-
sition, structure and morphology of hydroxyapatite nanocrystals. It is
found that EDTA plays an important role in synthesis of final HAP
nanostructures. The samples were studied by X-ray powder diffraction
analysis (XRD), infrared spectroscopy (IR) and scanning electron micro-
scopy (SEM). The results showed that the carbonate substitution occurred
in the phosphate sites increased in the case of HAP-EDTA sodium,
which is expected to improve the bioactivity, the solubility and the osteo-
integration.
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INTRODUCTION

Bioceramics are special compositions of ceramic materials in the form of powders,
coatings or bulk devices that are used to repair, augment or replace diseased or
damaged tissues, usually bones, joints or teeth1,2.

The damaged tissue can be replaced by endogenous tissues, but such replacement
may lead to several problems. The use of endogenous bone substance involves
additional surgery. Moreover, endogenous bone is available only in limited quantities.
The disadvantages of exogenous bone implants are that they may be rejected by the
human body, diseases may be transmitted together with the implant and also the
clinical performance of exogenous bone is considerably inferior to fresh endog-
enous graft material. For these reasons, there is a growing need for fabrication of
artificial bone implants.
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The bioactive calcium phosphates, for example, hydroxyapatite, tricalcium phos-
phate and amorphous calcium phosphate, have been studied as hard tissue implant
materials because it is similar to the natural mineral apatite found in bone3-5 and
when implanted has been shown to be a biocompatible substance that chemically
bonds with bone. Furthermore, it has also been studied of other non medical appli-
cations such as packing media for column chromatography, catalysts6,7, removal of
heavy metals from contaminated soils and wastewater8,9 or confinement of nuclear
wastes10, due to their stability and capacity to retain durability a large variety of
trace elements.

The composition, physico-chemical properties, crystal size and morphology of
synthetic apatite's are extremely sensitive to preparative conditions for diverse appli-
cations. A particular attention has been paid to the synthesis of hydroxyapatite,
Ca10(PO4)6(OH)2, which is frequently used as reference materials in biomineralization
and biomaterial studies. Hence researches have tried to customerize its properties
such as bioactivity, mechanical strength, solubility, osteoconductive properties by
controlling its composition, morphology and particle size11-13.

Among the alternative methods, sol gel synthesis of HAP ceramics has recently
attracted much attention, due to its many advantages which include high product
purity, homogeneous composition and low synthesis temperature4,14-16. Chelating
agents including EDTA have been tested to produce hexagonal HAP in hydrothermal
condition17, to synthesis of HAP by microwave irradiation18. Arce et al.19 have sugge-
sted the preparation of HAP by decomposition of Ca-EDTA complex from aqueous
solution of CaCl2·2H2O. However, the use of nitrate or chloride of calcium as a
precursor affect the structure of hydroxyapatite.

Among these bioactive materials, B-type carbonated hydroxyapatite sodium is
the apatite which has the quite similarity with biological natural apatite20.

The purpose of the present investigation was to compare the composition, morpho-
logy and structure of hydroxyapatite powder formed by 2 different EDTA complex,
acid and salt, using sol gel methods where the precursor of Ca was calcium acetate,
because CH3COO– ions are not incorporated in to the apatite21.

EXPERIMENTAL

Powder synthesis: Powders were prepared by an aqueous sol gel process.
Calcium acetate monohydrate (Ca(CH3COO)2·H2O, reagent grade, Aldrich, France),
was selected as Ca precursor. It was first dissolved in 0.1 M of CH3COOH at 60 °C.
To this solution an aqueous solution (60 °C) of diammonium hydrogenophosphate
[(NH4)2HPO4, reagent grade, Aldrich, France] precursor of P, was added. The solutions
were mixed in Ca/P molar ratio of 1.67. The mixture was continuously stirred for
ca. 2 h at 60 °C. In the following step, ethylene diamine tetraacetic acid or its
sodium salt as complexing agents was added to the above solution, a white trans-
parent gel was obtained. The slow evaporation was continued under stirring till the
contents turned in to the homogenous paste. The material was first dried at 100 °C
and then heated at 1000 °C for 2 h in a mufle furnace. The cakes were ground to
fine powders for characterization studies.
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Characterization:  Dried powders were subjected to thermal analysis (DTA/
TGA) with a heating of 25 to 700 °C in nitrogen atmosphere (flow rate 200 mL/min)
using a Setaram TG-DTA 92, at heating rate of 10 °C/mn. Crystal structure identifi-
cation of HAP-EDTA samples was performed using X-ray diffraction (phillips X'pert
prof, analytical, systeme MPD), using Cuka radiation in the range 25 ≤ 2θ ≤ 40 at
a scan speed of 4 °/min.

The presence of chemical groups of HAP-EDTA surface was investigated in
the spectral region 4000-400 cm-1 using Fourier transformation infrared spectro-
photometer (Shimadzu FTIR 8300). The KBr disc technique was employed using
few mg of HAP-EDTA powder (sample/KBr = 1/200).

For the morphology characterization, well polished HAP samples were studied
using scanning electron microscopy (SEM), philips XL 20 equiped for X ray micro-
analysis (EDAX), detector SUTW-saphire resolution: 129.42.

RESULTS AND DISCUSSION

The DTA-TGA curves recorded for HAP-EDTA acid and salt samples in the
range of 25 and 700 °C, is represented in Fig. 1.

Fig. 1. DTA/TGA curves of HAP-EDTA

The TG curves of HAP-EDTA powders exhibit three weight loss stages which
correspondent to three peaks endothermic at DTA curve. The first stage was obser-
ved from 60 to 180 °C, around 10 % weight loss. This can be attributed to desorption
of water molecules adsorbed on the crystallite surface. The second stage of weight
loss (20 %) on the TG curves was observed between 205 and 330 °C. This stage
corresponds to the condensation of HPO4

2- ions to P2O7
4- according to the following

reactions22:

2HPO4
2- → P2O7

4- + H2O
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and the removal of residual NH4
+, CH3COO– and water strongly linked in structure

apatite, probably due to intercrystalline water22,23. This weight loss is also confirmed
by sharp peaks endothermic (220 °C) in the DTA plot. The third stage of weight
loss (ca. 15 %) of the TG curves was observed between 330 and 350 °C and the
large endothermic peak observed in DTA curves was around 350 °C. This weight
loss in this region can be attributed to thermal dissociation of hydroxyl group and
their reaction24 with P2O7

4-:

P2O7
4- + 2OH– → 2PO2

3- + H2O

The crystallization peak's (ca. 750 °C16,25) was not observed because the range
temperature study was 25 to 700 °C.

The FTIR spectrum of the final powders sintered at 1000 °C, shows the character-
istic peaks of hydroxyapatite (Fig. 2). These bands corresponding to the phosphate,
ν3 PO4

3- (1100-1030 cm-1); ν1 PO4
3- (960-900 cm-1); ν4 PO4

3- (600-550 cm-1), ν2

PO4
3- (470 cm-1), hydroxyl groups (OH), 3650 cm-1 (strong) and 650 cm-1 (small)15.

Particulary the FTIR spectrum of HAP-EDTA sodium salt yet shows broad peaks,
typical of amorphous products. The broadness of the XRD spectrum, Fig. 3, provides
support for this tentative conclusion. with characteristic bands carbonate ν3 CO3

2-

(1480, 1400 cm-1) and ν2 CO3
2- (873 cm-1). The band at 873 cm-1 can be attributed26

to HPO4
2-. The presence of ν3 CO3 group indicates that the HAP-EDTA sodium salt

could be a B-type carbonated apatite, i.e., CO3-for-PO4 substitutions. This substitutions
leads to decrease of the a-axis of the apatite lattice and involve to the increase in
Ca/P ratio, according to Slosarczyk et al.27. They obtained non-stoichiometric carbo-
nated apatite. FTIR spectra of HAP-EDTA sodium salt shows ν3 band of phosphate
(PO4

3-) appear as a single intense band (1020 cm-1) and weak band at 1065 cm-1

whereas in HAP-EDTA acid it appears as three distinct bands at 1100, 1030 and
1000 cm-1. The absence of -OH group at 650 cm-1 in HAP-EDTA acid may suggest
as a result due to the character acid of a complex which involve positively charged
apatite. In addition to the above peaks, the calcite (CaCO3) absorption peak appeared

  

Fig. 2. FT-IR spectra of hydroxyapatite synthesized at 1000 ºC using EDTA
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appeared around 720 cm-1, in the two powders, which evident from the XRD pattern
(Fig. 3). This was probably due to the stirring bad solution or impurity phase. The
IR results obtained are completely consistent with the analyses carried out by XRD
measurements.

     

Fig. 3. XRD patterns of hydroxyapatite synthesized at 1000 ºC using EDTA

Fig. 3 shows the XRD pattern for the both powder's hydroxyapatite. In Fig. 3a
three strong characteristic diffraction peaks for HAP-EDTA acid at 2θ = 31-34°
[(211), (300) and (112)]28 were found. However the results shows a poor crystalline
nature of apatite HAP-EDTA sodium, with broad diffracted peaks. Two broad peaks
at about 30.5 and 31.2 were observed, together with considerable amount of amorphous
phase. These two broad peaks appear to be tricalcium phosphate [Ca3(PO4)2]29 and
monetite (CaHPO4)19. It is suggested that the relative intensity of peak (300) of
HAP-EDTA sodium increase more than that of HAP-EDTA acid, which shows
HAP-EDTA sodium particles may be oriented along c-axis17. It is also noticed that
the crystallographic behaviour of HAP-EDTA sodium resembles to that XRD pattern
of biological apatite30. Therefore it shows the formation of small amounts of CaCO3

(2θ = 28.5 °) which corroborated with IR analysis.
SEM micrographs of the two powders were represented in Fig. 4. As seen in

the figure, particles sizes of both samples are quiet different. All of the investigation
powders consist of spherule agglomerates (particle distribution in the range 500 nm)
which can be observed in the case HAP-EDTA acid and a mixed needle-shaped nano-
particles which has a width of 3 µm and length of 20-40 µm and particle spherical
(Ø ≤ 1 µm) for HAP-EDTA sodium. According to these results, it is estimated that
the particles shown in SEM micrographs (Fig. 4a) consist of several crystallites17,19.

The EDX analyses (Fig. 5) have shown the presence of sodium which is as
abundant trace element as calcium and phosphorus in natural bone and tooth mineral.
It has an important role in cell adhesion and also in the bone metabolism and resor-
ption process. It has been reported that substitution of calcium by sodium creates
supplementary vacancies in calcium sites, the model proposed by Vignole31 was:

Ca10-x Na2x/3 Vx/3(PO4)6-x (CO3)x (H2O)x (OH)2-x/3 Vx/3 with 0 ≤ x ≤ 3
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     (a) HAP + EDTA sodium          (b) HAP + EDTA acid

Fig. 4. SEM micrographs of hydroxyapatite synthesized at 1000 ºC using EDTA

   

     (a) HAP + EDTA sodium          (b) HAP + EDTA acid
Fig. 5. EDAX of hydroxyapatite synthesized at 1000 ºC using EDTA

It could be proposed that the morphology depends of the character of EDTA.
EDTA is a strong complex reagent with Ca2+, which leads to the formation of Ca-EDTA
complexes. In solution, the stability of EDTA sodium is higher than that of acid
EDTA (pH↑ ). So the presence of OH– ions on the facets control the growth rates in
various crystal facets18. The presence of β-Ca3(PO4)2, β-TCP is attractive, actually a
biphasic calcium phosphate (BCP) composite has been developed by several authors32-34.

Conclusion
The composition, crystalline degree and the morphology of the obtained powder

are dependent on EDTA character. This study reveals the feasibility of producing
hydroxyapatite powder with structural and chemical functionalities quite similar to
biological apatite. The chemical composition of sodium HAP-EDTA was a B-type
carbonate hydroxyapatite with small carbonate ions occupying hydroxyl sites leading
to A-type carbonate apatite. The presence of sodium in this apatite is characterized
by EDX analysis. The ideal formula is actually never identified. The precursors,
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the method and some others parameters, regular the composition of powder hydroxy-
apatite. This, vary according to the possibilities of anionic and cationic substitutions
and the existence of different types of in vacancies, several models have been pro-
posed26. In present case, we estimated a small quantities of OH– substituted by
CO3

2- (873 cm-1), thus the following formula is proposed:
Ca10-x Na2x/3 Vx/3(PO4)6-x (CO3)x (H2O)x (OH)2-x/3 -2ε Vx/3 (CO3)ε

with 0 ≤ x ≤ 3; V: vacancies.
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