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Abstract. The nanostructured bioceramics of calcium phosphate are current themes of
research and they are becoming important as bone matrix in regeneration of tissues in
orthopedic and dental applications. Nanocomposite powders of calcium phosphate,
reinforced with nanometric particles of titanium oxide, silica oxide and alumina oxidealpha, are being widely studied because they offer new microstructures, nanostructures
and interconnected microporosity with high superficial area of micropores that
contribute to osteointegration and osteoinduction processes. This study is about the
synthesis of nanocomposites powders of calcium phosphate reinforced with 1%, 2%,
3% and 5% in volume of titanium oxide and its characterization through the techniques
of X-Ray Diffraction (XRD), Scanning Electron Microscopy (SEM), Differential
Thermal Analysis (DTA), Thermogravimetry (TG) and Dilatometry.
Introduction
The biomaterials of calcium phosphate and their composites are being widely used in
orthopedic and dental fields in applications such as bone reconstruction, implants,
fillings and coatings due to their good biocompatibility [1-3].
The morphology of these biomaterials is also a study theme, because calcium
phosphate particles in nanometric scale, obtained from the wet synthesis method by
precipitation, have shown good results concerning to the cell functions increasing such
as migration, adhesion, proliferation and differentiation [4-5].
Among the calcium phosphates, it can be highlighted the calcium phosphates α and
β, and the hydroxyapatite. The hydroxyapatite has a chemical and crystallographic
similarity with the bone tissue and because of that, presents a high bioactivity,
especially as nanosized particles [6-9].
The titanium oxide (titania) has several different applications on food, cosmetic,
airspace and biomedical, due to its characteristic of biocompatibility (non-toxic) [1013]. As nanosized particles, titania stimulates the osseoconduction and the
osseoinduction, providing the proliferation of osteoblasts and the biointegration with the
bone tissue [14-16].
The synthesis of nanocomposite biomaterials, combining the calcium phosphate and
titanium oxide, results on a bioceramic with high surface area and interconected
microporosity, which are characteristics that stimulate the osseointegration [17-20].
This work aimed the study of the synthesis and characterization of nanocomposite
powders obtained from a ceramic matrix of hydroxyapatite with the addition of 1, 2, 3
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and 5% in volume of titanium oxide. To accomplish these studies, it was used the
techniques of Scanning Electron Microscopy (SEM), X-Ray Diffraction (XRD),
Thermogravimetry (TG), Differential Thermal Analysis (DTA) and Dilatometry.
Materials and Methods
The calcium phosphate nanocomposites reinforced with titanium oxide were
synthesized using a powder of nanostructured hydroxyapatite bone matrix, previously
obtained by the dissolution-precipitation method described on [2].
The titanium oxide was incorporated to the matrix through mechanical fragmentation
with zirconium oxide spheres and distilled water, inside a high energy attrition mill
(NETZSCH) during two hours. It was used a mass of 28g of the hydroxyapatite matrix
for each composition and the respective quantities of titanium oxide required to make
the concentrations of 1, 2, 3 and 5% in volume.
After the milling, the resulting colloidal solution was dried on rotative evaporator,
strained on mesh ABNT 100µm and submitted to the studies of SEM, XRD, DTA, TG
and dilatometry.
Results and Discussions
The results of the X-ray diffraction study about the nanostructured ceramic powders
showed, for the hydroxyapatite matrix, the predominant presence of the phase
hydroxyapatite (Ca10(PO4)3(OH)2) and also some low intensity picks of calcium
phosphate β (Ca3(PO4)2-β) (Fig. 1a).
For the nanocomposite powders, it was verified the presence of hydroxyapatite,
calcium phosphate β and titanium dioxide (TiO2) on the phase anatase (Fig. 1b).
Another observation was the increase of the titanium oxide picks intensity with the
increase of the volume concentration, as can be seen for the nanocomposite with 5% of
TiO2 (Fig. 1c).

(c)

(b)

(a)

Fig.1: XRD patterns of the powders of nanostructured hydroxyapatite matrix (a),
nanocomposite with 1% of TiO2 (b) and nanocomposite with 5% of TiO2 (c).
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According to the morphological study accomplished using the scanning electron
microscope, the pictures of the nanostructured hydroxyapatite matrix revealed the
presence of equi-axial nanoparticles with size under 100 nm, distributed as
agglomerates (Fig.2a e 2b).
(a)

(b)

Fig.2: Morphology of the nanostructured hydroxyapatite bone matrix powder with
enlargement of 5000x (a) and 10000x (b).
Observing the pictures of the nanocomposite powders with 1% (Fig. 3a) and with 5%
(Fig. 3b) in volume of titanium oxide, it was possible to notice a good dispersion of the
titanium oxide particles inside the hydroxypatite matrix and the surface modification of
the nanoparticles due to the mechanical fragmentation of the agglomerates. Comparing
the pictures of nanocomposites with 1% and 5% of TiO2, it wasn’t possible to observe
significant alterations on the nanoparticles morphology.
(a)

(b)

Fig.3: Morphology of the nanocomposite powders with 1% (a) and with 5% in volume
of TiO2 (b).
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The results of the thermal behavior study for the nanocomposites through the
differential thermal analysis (DTA) and thermogravimetry (TG) are represented by the
curves A and B, respectively, on the figures 4 and 5.
For the nanocomposite with 1% in volume of TiO2 (Fig. 4), it was possible to notice
the presence of an endothermic pick approximately at the temperature of 100ºC,
indicating the water liberation and an exothermic pick at approximately the temperature
of 1180ºC, indicating the formation of the calcium phosphate α (curve A). It was also
observed an almost continuous mass loss from the temperature of 25ºC until
approximately the temperature of 1200ºC (curve B).

Curve A

Curve B

Fig.4: Curves of DTA (curve A) and TG (curve B) for the nanocomposite with 1% in
volume of TiO2.
For the nanocomposite powder with 5% of TiO2 (Fig. 5), it was verified an
exothermic pick at approximately the temperature of 900°C (curve A), indicating the
phase formation of rutile (TiO2) and this pick wasn’t observed for the composition with
1% of TiO2. It was also noticed a high mass loss approximately at the temperature of
900ºC, indicating the phase transformation from anatase to rutile (curve B).

Curva (A)
Curva (B)

Fig.5: Curves of DTA (curve A) and TG (curve B) for the nanocomposite with 5% in
volume of TiO2.
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The thermal behavior study using the dilatometry technique, accomplished with the
nanostructured bioceramic powders, showed on its curves a slightly volumetric
expansion until the temperature of 900ºC for hydroxyapatite and nanocomposites
(Fig.6). After that, a significant linear retraction began, indicating a phase
transformation. It was also verified that the increase of the reinforce concentration of
TiO2 resulted on a decrease of the linear retraction of the nanocomposite.

Fig.6: Curves of dilatometry for the powders of nanostructured hydroxyapatite
matrix and nanocomposites with 1% and 5% in volume of TiO2.
Conclusions
The studies accomplished for the nanocomposite powders allowed to verify the
predominat presence of the phase hydroxyapatite and low intensity pick of the phases
calcium phosphate β and titanium oxide (anatase). It was also verified the increase of
the anatase picks intensity with the increase of the volume concentration of titanium
oxide.
About the morphology, it was observed that the mechanical fragmentation process
provided a good dispersion of the titanium oxide inside the hydroxyapatite matrix and a
surface modification of the nanoparticles.
The results of the thermal behavior studies revealed that there was a significant mass
loss during the phase transformation of titanium oxide and that the incorporation of the
titanium oxide inside the hydroxyapatite matrix reduces the linear retraction of the
nanocomposite.
The results described on this work indicate that these nanocomposites own the
promissing charateristics for the biomedical applications, but studies in vivo and in vitro
are still necessary to allow their application.
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