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Introduction: Recently, a special attention was given to the growth of some biomaterials with the goal of renewal and/or reconstruc-
tion of bone tissue. Of these biomaterials, hydroxyapatite (HA) presents a series of properties such as biocompatibility and bioactivity,
being frequently used for bone grafts realization and to cover some metallic components of some prosthesis used in orthopedics.
Although HA is available on the market as synthetic material for more than 15 years, being used for ceramic implants for more than 10
years, new solutions are looked for the inclusion in its structure of some anionic or cationic substitutes in order to bring its composition

closer to the biologic apatite.

Aim: The aim of this study was to synthetise and characterize hydroxyapatite powder.

Method: Of the synthesis methods of HA, we used the wet-precipitation method. The obtained compound using this method was
characterized by X-ray diffraction (XRD), FTIR microspectroscopy and laser difractometry.

Results: The XRD spectra showed that the obtained material is HA and we managed to establish the optimum parameters for obtain-

ing HA uncontaminated by impurities and crystalline.

Conclusions: Using a method of chemical synthesis through precipitation, we obtained a HA powder, crystalline and stoechiometric.
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Introduction

Lately, the development of biomaterials in order to restore
and/or to reconstruct the bone texture is the topic of many
research laboratories. Among these biomaterials, a special
attention is paid to the development of some special ce-
ramic called bioceramics [1].

This bioceramics are obtained as powders. They are
used to fill the empty spaces that can occur in the bones
and also to cover the metal components of prostheses used
in orthopedics [2—4].

Among the calcium phosphate based bioceramics it has
been noticed that crystalline hydroxyapatite (HA) is the
most stable phase in contact with body fluids.

Although HA is available on the market as synthetic
material, new solutions are searched to include in its struc-
ture some anionic (i.e. F-, Cl, SiO 44‘,,C032‘) or cationic
substitutes (i.e., Na*, Mg*,Sr*) in order to make HA more
similar to biological apatite [5-7].

Considering the fact that the most commonly used
medicines to treat diseases that are based on bone resorp-
tion augmentation (e.g. osteoporosis), are part of bisphos-
phonates (BP) class, solutions are being seeken for includ-
ing these drugs on the surface of the metal parts of the
prostheses used in orthopedics [8-11]. Another approach
is to produce a HA-BP type composite and to deposit it
directly to the metal component of the prosthesis [12—14].

There are also studies concerning the use of HA micropar-
ticles and nanoparticles as drug release systems [15-17].

This paper presents experimental results on the possi-
bility of chemical synthesis of nano- sized HA particles,

which would eventually allow us to include in its structure
some anionic or cationic substitutes or to realize a HA-BP
type composite. In the specialty literature, there are several
methods of chemical synthesis such as sol-gel method [18],
hydrothermal synthesis [19], solid-state reaction [20], and
wet methods [21].

Among these methods, we have chosen the wet chemi-
cal precipitation, being an easy method to implement [22].

The powder obtained through this method was charac-
terized by X-ray diffraction and FTTIR microspectroscopy.
At the same time, by using dynamic light scattering (DLS),
there was determined the mean particle size and particle
size distribution.

Material and method

The synthesis of hydroxyapatite was carried out in N2
atmosphere, using 50 ml of 1.08M Ca(NO,),*4H,O so-
lution at pH adjusted to 10 with NH,OH 28% aqueous
solution. To this solution, heated at 80°C, 50 ml of 0.65M
(NH,),HPO, solution at pH adjusted to 10 with NH,OH
were added drop-wise under stirring. A white precipitate
appeared that was maintained in contact with the reac-
tion solution for 3h at 80°C under stirring. The pH of the
reaction mixture was maintained at approximately 10 by
regular additions of small amounts of NH,OH solution.
Afterwards, the precipitate was centrifuged at 6,000 rpm
for 10 min and washed 3 times with distilled water. The
product was dried at 100°C (for 24 hours), then calcined
at 400°C for 4 h in order to eliminate all water traces and
to improve its crystallinity.
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The chemical analysis of the product has been done in
microspectroscopy IR iN Nicolet; we used transmission
mode on a spectral interval 4000-650 cm™.

TG analysis of hydroxyapatite was carried out in dy-
namic air atmosphere (150 cm® min™) in the temperature
domain rt to 1200 °C. A horizontal “Diamond” Differ-
ential/Thermo gravimetric Analyzer from PerkinElmer In-
struments was used during the measurement.

At the same time, in order to determine the powder’s
crystallinity, we used X-ray diffraction (XRD). X-ray dif-
fraction spectra have been acquired by using a DRON-
Um1 diffractometer.

The determination of the particle size distribution and
mean particle size were carried out using a Nanosight LM
10 laser diffractometer.

All experimental analysis were realized for both the as-
prepared and calcined specimens.

Results

In Figure 1 we notice that FTIR spectra of the chemically
synthesized powder, both before and after calcination, con-
tains all the bands characteristic for the vibration modes of
the phosphate group.

These are: 1090 cm™ band, characteristic for the vi-
bration mode u3, asymmetric stretching, the same vibra-
tion mode being also characteristic for the intense band at
1040 cm™. The presence of both bands is characteristic for
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Fig. 1. IR spectrum of HA powder before (a) and after calcination (b)

Fig. 3. Volume distribution of chemically synthesized HA powder
particles

HA crystalline phase [23]. There is also a low-intensity vis-
ible band at 960 cm, characteristic for the vibration mode
vl - symmetric stretching. The spectrum also contains a
band located at 3570 cm™ which is characteristic for the
stretching vibration mode of hydroxyl group and a wide
band which appears in the non-calcined powder spectrum
which is due to water.

The spectra, also contain weak carbonated bands at
1455 cm™ and 1648 cm™ due to carbonate symmetric
stretch (n3). At the same time there are also carbonates
(n2) bands in the region 875 to 895 cm™.

The analysis of the spectrum obtained by X-ray diffrac-
tion was performed by comparison with the JCPDS data-
base (Joint Committee for Powder Diffraction Standards)
which allows the determination of other eventual calcium
phosphate compounds which could appear through chem-
ical synthesis. Thus, the spectrum of obtained powder
shows very well the diffraction characteristics of HA crys-
talline.

Particle size distribution through dynamic light scatter-
ing is represented in Figure 3. By calcinations, the average
particle diameter increases from 1500 nm to 2300 nm.

The thermogravimetric analysis of the obtained hy-
droxyapatite is represented in Figure 4. It can be observed
that in the temperature domain rt— 1200 °C the total mass
loss is 6.5%. Until the 500 °C, the weight loss is about 5%,
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Fig. 2. Diffraction spectrum of the analyzed powder and peaks
position corresponding to HA from JCPDS database
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Fig. 4. TGA results of hydroxyapatite heated in air atmosphere in
the temperature domain r.t. to 1200 °C
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in the temperature interval 500-800 °C the weight loss is
around 0.5%, and the rest of 1% is lost until 1200 °C.

Discussions

Concerning the chemical synthesis using the precipitation
method, there are two main directions: the first one is based
on the reaction of orthofosforic acid with calcium hydroxide
[24] while the second one is based on the reaction between
diammonium hydrogen phosphate and calcium nitrate [25].

Although the first one is simpler and is suitable for the
industrial scale synthesis, it is generally leading to some
non-stoechiometrical HA compounds. This is the reason
why we have chosen the second method, which although
is more expensive, it leads to stoechiometrical compounds.
In both cases, the properties of the synthesized compound
significantly depend on the reactants concentrations, pH,
stirring speed, reaction temperature and the conditions of
the atmosphere where the reaction takes place.

A frequently observed characteristic in the methods
of precipitation synthesis is the possibility that a part of
PO,* and/or OH- to be replaced with CO,*. Even though
the carbonate is naturally found in bones, its presence in
synthetic HA should be avoided, because it can influence
its biological reactivity and the solubility of the implanted
material. Moreover, the replacement of PO,> group would
also lead to an increase of the molar Ca/P ratio, obtaining a
non-stoechiometrical compound, which is generally more
thermally unstable.

Although the reaction was carried out in nitrogen at-
mosphere, the presence of slight carbonate traces has been
noticed in the IR spectrum, which could appear in HA
structure because of subsequent sample handling steps
[20]. It can be observed that by heating the sample at 400
°C, these impurities start to disappear from HA structure.
After heating at 400 °C, the intensity of the bands charac-
teristic for carbonate group in the IR spectrum decreases,
proving the beginning of the decarboxylation process.
Concerning the presence of water, it is well known that
hydroxyapatite contains two kinds of water in its structure:
adsorbed and lattice water [27]. As noticed after analyz-
ing the IR spectrum, the heating process at 100 °C did
not eliminate all the water. This treatment could prob-
ably eliminate only the adsorbed water. In the spectrum, a
board band can be observed between 2500—-3700 cm™, due
probably to lattice water that disappears after the calcina-
tions process at 400°C. As indicated by literature data [27],
lattice water is irreversibly eliminated in the temperature
interval 200-400 °C.

These results are in agreement with experimental data
obtained by TG analysis, which show that in the temper-
ature interval rt-1200 °C, the mass loss is 6.5%. A pro-
nounced mass loss takes place until around the value of
500 °C, when the elimination of adsorbed and lattice wa-
ter takes place and when the decarboxlation process of the
sample starts to be more intense. The decarboxylation pro-
cess starts at 400 °C (as confirmed by the IR spectrum) and

probably continues until 900 °C, with a more pronounced
mass loss at 800 °C, in agreement with the TG curve. After
the temperature of 800 °C, the mass loss is under 1% and
is assigned to dehydroxylation of the sample [28].

Concerning the XRD analysis, the spectra of both the
as-prepared and calcined specimens overlap on the HA
spectrum existent in the JCPDS database [29]. Because
there are no displacements of diffraction peaks, this means
that the obtained powder is HA and it does not contain
other phases. Moreover, the obtained HA powder is stoe-
chiometrical (Ca/P=1.67). The synthesis of non-stoe-
chiometrical HA would also lead to the presence of other
phases, like CaO (if Ca/P is more than 1.67) or tricalcium
phosphate, TCP (if Ca/P is under 1.67). In addition, the
thermal treatment does not induce the apparition of other
phases.

Laser diffractometry size analysis shows that the par-
ticles of the as-prepared powder have the dimensions in
the granulometric interval of [749.9—4217] nm. It can be
observed in fig 3, that the biggest volume of particles is
situated in the [749.9-1778.3] nm interval. The presence
of particles with dimension in the [2371.4-4217] nm in-
terval is due to the fact that these are agglomerates. In fact,
most of the reactions of HA synthesis produce heterogenic
agglomerates both during the chemical synthesis and af-
terwards, during the applied thermal processes. These ag-
glomerates must generally be avoided, because agglomer-
ates trap impurities within their interstices [30].

The calcinations process lead to an increase of medium
particle size and to a decrease of agglomeration degree.
Thus, in this case, the particles dimensions are found in the
granulometric interval of [1531.1-2016.9] nm, most of the
particles being situated around the value of 1664.3 nm.

Literature data show that particle dimensions and their
morphology depend a lot on the reaction temperature.
Thus, an increase of the precipitation temperature in the
20-100°C interval leads to an increase of particle dimen-
sion and to a decrease of HA agglomerates size [31].

Conclusions

Using a method of chemical synthesis through precipita-
tion, we obtained a HA powder, crystalline and stoechio-
metric. Even though the synthesized compound contains
slight traces of carbonate, they start to decompose at 400
°C, temperature at which the lattice water that appears
during the chemical synthesis was also eliminated. After
calcinations, a decrease of HA agglomerates size was also
obtained.
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