revista
I\&n‘erla

Synthesis and characterization of nanostructured ceramics powders for
biomedical applications

CAMARGO, Nelson Heriberto de Almeida; BELLINI, O. J.; GEMELLI, Enori; TOMIYAMA, M.

Santa Catarina State University — UDESC, Center of Technological Science — CCT
Department of Mechanical Engineering — DEM
Campus Universitario - Bairro Bom Retiro, P.O. Box 631
e-mail: dem2nhac@joinville.udesc.br, ojbojb@bol.com.br,
gemelli@joinville.udesc.br, hiro@joinville.udesc.br

Revista Matéria, v. 12, n. 4, pp. 574 — 582, 2007
http://www.materia.coppe.ufrj.br/sarra/artigos/artigo10916

RESUMO

Os materiais nanoestruturados sdo promissores ¢ vém tomando espago em diferentes areas de
aplicagdo termomecanica, aeroespacial, nuclear ¢ biomédica. Na areca biomédica, as bioceramicas na
composicio (Ca/P), os fosfatos de célcio tém se destacado, em razdo das caracteristicas mineralogicas destes
biomateriais serem semelhantes a da apatita estrutura 6ssea do esqueleto humano e por apresentarem boa
biocompatibilidade. A sintese de pds ceramicos nanoestruturados de fosfato de calcio e materiais
nanocompdsitos sdo promissores em aplica¢des cirirgicas médico-odontologicas na fixagdo de proteses,
enchimento 0sseo, em revestimentos, na estabilizacdo de implantes e como elemento matricial na
reconstitui¢do da estrutura dssea. Este trabalho teve como objetivo a otimizacdo do método sintese de pods
bioceramicos nanoestruturados em fosfato de célcio e nanocompdsito fosfato de calcio/SiO,n, nas
composicdes percentuais de silica nanométrica (SiO,n) de 5%, 10% e 15% em volume. Foram sintetizadas
quatro composigdes, a matriz fosfato de calcio e nanocompositos fosfato de calcio/SiO,n. Os resultados
apresentados estdo relacionados ao método de sintese, da caracterizagdo mineralogica, morfologica e do
comportamento térmico para as diferentes composi¢des de pds nanoestruturados sintetizados.

Palavras chaves: Sintese, fosfato de calcio, nanoestrutura, nanocompositos, bioceramicas.

ABSTRACT

Nanostructured materials have been largely studied in the last few years because they have a great
potential to applications in different fields like physics, chemistry, biology, mechanic and medicine.
Synthesis and characterization of nanostructured materials is a subject of great interest involving science,
market, politicians, government and society. The nanostructured materials are in demand in biomedical area,
mainly the bioceramics composed of calcium phosphates (Ca/P), which have an excellent biocompatibility
and mineralogical characteristics similar to those of bones. The aim of this work was to optimize the method
of powder synthesis of nanostructured calcium phosphate and of nanocomposites composed of calcium
phosphate//SiO,n, containing 5, 10 and 15% (in volume) of nanometric silica (SiO,n). The results are
expressed according to the method of synthesis, mineralogical and morphological characterization, and
thermal behavior for the different compositions of the nanostructured powder synthesized.

Keywords: Synthesis, calcium phosphate, nanostructured, nanocomposites, bioceramics.

1 INTRODUCTION

Nanostructured materials are in demand in the last few years because they are suitable in many
advanced technologies such as thermomechanic, aerospace, nuclear power plant and biomedicine. In
biomedicine, the bioceramics, composed of calcium phosphates (Ca/P), are seen as prominent materials not
only because they have a good biocompatibility, but mainly because their mineralogical characteristics are
very close to that of human being bones [1-4]. Synthesis of nanostructured calcium phosphate powders and
nanocomposite materials are being looked as the new generation of materials in medical and deontological
applications such as bond between bone and prosthesis, coatings, bone regeneration, implant stabilization,
and as a base material for bone reconstitution [5-8]. The aim of this work was to optimize the synthesis of
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calcium phosphate nanostructured bioceramic powders and calcium phosphate/SiO,n nanocomposites
containing 5%, 10% and 15% in volume of nanometric silica (SiO,n). Therefore, it was synthesized four
compositions, one of calcium phosphate as a base material and three of nanocomposites (calcium
phosphate/SiO,n).

2 MATERIALS AND METHODS

It was used the method based on dissolution-precipitation involving a solid-liquid reaction of
phosphoric acid dissolving CaO to form calcium phosphate powders and nanocomposites. The raw materials
used were calcium oxide powder (CaO) obtained from calcination of CaCO; at 900°C for 2 hours. The
CaCOj; powder (code number 24996) with 98% purity was provided by LABSYNTH LTDA laboratory, and
the phosphor oxide (P,0s) was provided by RIEDEL-DE HAEN - Germany laboratory (99.5% purity, code
number 1807). During the synthesis process, the molar factor used between calcium and phosphate (Ca/P)
was 1.67 for the four compositions: calcium phosphate and calcium phosphate nanocomposites containing 5,
10 and 15% of nanometric silica (SiO,n). Figure 1 shows the method of synthesis and characterization for the
four ceramic powders.

During the synthesis process, the pH was monitored at approximately each 15 min. The obtained
materials from the synthesis were dried in a rotating evaporator and then investigated by scanning electron
microscopy, X-ray diffraction, differential thermal analysis and thermogravimetry in order to observe the
morphology, to identify the mineralogy composition and to study their thermal behaviour, respectively. The
characterization study was performed on the nanostructured powders after drying in a rotating evaporator and
after being treated at 900°C/2h.

pH monitoration » SiO_ZnT 500ml of - Use of ultrasound to
deionized H,0 dissolve the particles
$
. . Addition of CaO in the previous Mechanical agitation
pH monitoration » system - for 2h
4
Addition of the acid solution Mechanical agitation
pH monitoration » of P,0s (500ml) - for 22h
$
) Dehydration of the
Rotating » ] ] - evaporator
colloidal solution
$
Analyses of the ceramic powders
D, TE » (without thermal treatment) - AR, SIE
$
Analyses of the heat treated powders
DTA, TG » 900°C/2h - XRD , SEM

Figure 1: Method of synthesis and characterization of the four ceramic powders.
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3 RESULTS AND DISCUSSIONS

The measures of pH for the four compositions have shown that it increases with the incorporation of
calcium oxide powder in the aqueous solution. On the other hand, the addition of acid solution decreases the
pH value. Figure 2 illustrates the pH curves as a function of time for the different compositions, which shows
that pH decreases after 4 hours of mechanical agitation due to the addition of the acid solution into the
colloidal solution.

4pt 4.0
001 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24

Time (h)

Figure 2: Behaviour of pH for the different compositions.

Morphological characterization, investigated by scanning electron microscopy (SEM), was
performed on the calcium phosphate powder, on the calcium phosphate/SiO,n nanocomposite obtained after
drying in a rotating evaporator and after calcination at 900°C for 2 hours. After drying the powders were
ground and sieved through a 200 ABNT sieve. Figures 3a and 3b show that their morphology is constituted
by clusters of small particles; figure 3b indicates the morphology of the nanocomposite powder with 15% (in
volume) of SiO,n. In this figure it is possible to see the nanoparticles of SiO,n dispersed into the bioceramic
powder.

The results obtained with the calcium phosphate, after treatment at 900°C for 2 hours, indicate the
presence of clusters of small equiaxial particles with a size below 150 nm, as we can see in figure 4a.
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Figure 3: (a) Morphology of the calcium phosphate powder after drying in a rotating evaporator;
(b) Morphology of the nanocomposite powder calcium phosphate/15% SiO,,
after drying in a rotating evaporator.

For the nanocomposite powders it was also observed that the morphology is composed of clusters of
very small equiaxial particles, probably due to the presence of a second phase (SiO,n) well dispersed in the
calcium phosphate powder (figure 4b). The presence of nanoparticles of SiOpn in the material, in inter-
intragranular sites, inhibits the process of superficial diffusion associated to the nucleation and growth of the
calcium phosphate’s grains, controlling the formation of B-calcium phosphate phase, and influencing the
process of densification of the nanomaterial. Another observation was the presence of silica in the
compositions, which can be explained by the difference in the thermal expansion coefficient of calcium
phosphate matrix, which has a higher value (o = 14,85.10°° °C™") compared with that of silica (o = 0,5. 10°C”
". This may lead to a modification in the superficial diffusion kinetic of the species toward the nucleolus of
calcium phosphate, and probably inhibited the formation of crystobalite, as it can be observed in the X-ray
spectra (figure 6) by the absence of peaks of crystobalite.

20KV 10kX

Figure 4: (a). Morphology of the calcium phosphate powders after calcination at 900°C/2hours;
(b) Morphology of the calcium phosphate/10%SiO,n nanocomposite powder after calcination.
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Figure 5: X-ray diffraction patterns of the powders after drying in a rotating evaporator.

The results from X-ray diffraction (XRD), performed on the powders of calcium phosphate and
nanocomposites, after drying in the rotating evaporator (figure 5), have shown the presence of hydrated
calcium phosphate (Brushite) with the composition CaPO3;(OH).2H,0, and hydrated tri-calcium phosphate
with the composition Ca3(PO,),.2H,0 for all the samples, indicating better crystallisation of brushite phase
and of calcium phosphate for the nanocomposite powders. The second phase, formed of nanometric particles
and uniformly dispersed in the material in inter-intragranular region, is more likely the responsible for
improving the crystallisation.

For the powders heat treated at 900°C/2h it was observed the crystallised structure of § — tri-calcium
phosphate, for all the different compositions, as illustrated in figure 6.
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Figure 6: XRD patterns of the powders after calcination at 900°C/2h.

It was observed that the major peak (20 = 31.1°), represented by the main plain of diffraction [0 2 1
0], indicates the presence of P—tri-calcium phosphate.

Evidences from thermogravimetry (TG) showed a steady decrease in mass loss between 25 and
800°C for all the nano-powders after drying in the rotating evaporator (figure 7). The investigations from
differential thermal analyses (DTA) for the calcium phosphate indicated two peaks; one at approximately
130°C due to water evaporation without modification of the structure of the nanostructured powder, and the
second at approximately 580°C, indicating water loss (dehydrogenation) from the bioceramic powder with
modification of the structure of calcium phosphate and brushite [9-10].
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Figure 7: Thermogravimetry and differential thermal analyses of the
nano-powders after drying in the rotating evaporator.

Also, another peak was observed at approximately 1350°C showing the allotropic transformation
from B to a tri-calcium phosphate. For the nanocomposites with 5%, 10% and 15% (in volume) of SiOsn,
DTA curves displayed a peak at approximately 95°C indicating water evaporation without any modification
in the structure of the nano-powder, and a second peak at approximately 350°C, for the material with 5% of
SiO,n, indicating the dehydrogenation with modification of the structure of the nanocomposite powder. For
the materials containing 10% and 15% of SiO,n this peak appears at approximately 250°C. The presence of
nanometric silica in the inter-intragranular region in the calcium phosphate might provide the water loss
(dehydrogenation) due to the high surface area of the nanometric silica (=80m?/g), improving slightly the
kinetic of superficial diffusion of the species toward the bulk of the calcium phosphate. Between 1000°C and
1150 °C there is another peak indicating the formation of B— tri-calcium phosphate phase (figure 7)
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Figure 8: DTA and TG curves for the nano-powders obtained after calcination at 900°C/2h.

Evidences from DTA and TG performed on the nanostructured powders after calcination at
900°C/2h showed that the first peak at approximately 130°C is due to the water evaporation (figure 8). The
second peak, at approximately 600°C is due to the dehydrogenation and to the allotropic transformation from
a to B phase. The third peak, at approximately 1200°C is due to the allotropic transformation of calcium

phosphate from f to a.

4  CONCLUSION

The method of dissolution-precipitation with solid-liquid reaction led to the production of
nanostructured powders of calcium phosphate and nanocomposites with particles size bellow 100 nm. The
measure of pH showed that it takes 4 hours, after addition of acid solution, to reach a steady value of

approximately 5.4.
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The use of ultrasound to disperse the nanometric silica (SiO,,) into the calcium phosphate base
material demonstrated to be efficient, leading to a homogeneous distribution of these nanoparticles, in the
microstructure of the ceramic.

Investigations by SEM on the nanostructured powders, obtained after calcination, showed that the
morphology is composed of equiaxial particles, with a size bellow 200nm, disposed in clusters.

XRD allowed us to identify the hydrated calcium phosphate — brushite (CaPO;(OH) 2H,0), and the
hydrated tri-calcium phosphate - Ca;(PO,),.2H,O (figure 5), on the powders after drying in the rotating
evaporator. On the powders treated at 900°C/2h it was identified B-calcium phosphate and hydroxyapatite
phases.

DTA analysis showed that the dehydrogenation occurs at 600°C and 300°C for the calcium
phosphate and for the nanocomposites, respectively, after drying in rotating evaporator (figure 7). After heat-
treated, DTA curves exhibited a peak at approximately 600°C for the nanocomposite powders, indicating the
dehydrogenation and the allotropic transformation of o to . For all the nanostructured powders the allotropic
transformation of the calcium phosphate from a to 3 occurs at approximately 1200°C.
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