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Introduction
Hydroxyapatite (HAp) coatings have been used to promote bone growth and fixation towards
implant surfaces to encourage faster recovery times for the recipient. Current coating
processing techniques, capable of producing thin HAp layers are pulsed-laser deposition [1]
and sputtering (high-temperature processing). Other technologies are in vitro methods [2],
electrodeposition [3] and sol-gel [4-5], due to the fact that these techniques utilise lower
processing temperatures they avoid structural instabilities of HAp at elevated temperatures
[6]. The term sol-gel encompasses any process of producing ceramic materials (single and
mixed oxides, as well as non-oxides e.g. nitrides) from solutions. The sol-gel process was first
identified by Ebelman [7], and has been used to produce ceramic powders, coatings, and bulk
materials including glasses. The implementation of a sol-gel methodology enables increased
stoichiometry and homogeneity, while having the ability to coat complex shapes.

Sol-gel hydroxyapatite reported by Chai et al. [8] employed tri ethyl phosphite [ P(OEt)3 ] as
the staring phosphorus alkoxide precursor, whereby it was established that in order to obtain
monophasic hydroxyapatite upon firing there must be a 24 hour ripening period. The ripening
period was determined to be an equilibrium step whereby the equilibrium intermediate phase
lied in favour of a diethyl phosphite arrangement (species) within the sol.

Therefore, the work here under taken was to produce hydroxyapatite using diethyl phosphite
[HOP(OEt)2] as a starting alkoxide precursor with a final aim to reduce or eliminate the
ageing period as observed by Chai et al in P(OEt)3 solutions [8].

Materials and Methods
The work employs a conventional alkoxide route which has been modified from Chai et
a/.[8]. Calcium alkoxide precursor solution was prepared by dispersing calcium diethoxide [
Ca(OEt)2, Kojundo Chemical Lab., Saitama, Japan] in absolute ethanol [ Et(OH), Riedel-de
Haen, Germany] followed by the addition of ethylene glycol [ Et(OH>2, Aldrich, USA ] to
dissolve Ca(OEt)2 while maintaining vigorous stirring. Phosphorus precursor solution was
then prepared by diluting HOP(OEt)2 (Aldrich, USA) in absolute Et(OH) while stirring. After
complete dissolution of the Ca(OEt)2, a stoichiometric quantity of the phosphorus precursor
solution was added drop-wise to the calcium precursor solution to avoid concentration
gradients within the sol. Vigorous stirring was maintained throughout the addition and for a
further 10 minutes thereafter. All vials were capped to avoid volatisation. Due to the
hygroscopic nature of the reactants, all preparation was carried out in a glove box containing a
dry nitrogen atmosphere. The sol's were aged over a period of 24 hours.

After the sol's were aged (3 and 24 hours), they were poured into petri dishes and hydrolysed
in a convection oven ( Labec, Australia) at 70°C for approximately 72 hours. On completion
of hydrolyses, gel's were crushed via mortise and pestle and fired in a muffle furnace
(Ceramic Engineering, Australia), where the ramp rate was set at 150°C/ hour in a stagnate air
atmosphere. Temperatures of 250, 450, 700, and 900°C were chosen as soaking temperatures
where soaking took place for one hour. This was to effectively remove any organic residue
within the gel.

Resultant fired gels were compositionally analysed via XRD on a Siemens D-5000
(Karlsruhe, Germany), employing CuKa radiation. The diffraction pattern was collected over
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the 20 range of 29-40°, acquisition time of 2s at a 0.02° step size. Particle and sintering
characterisation of the fired particles was performed on a Joel 35C SEM (Joel, Japan )

Results and Discussion
All resultant hydrolysed gel were similar in appearance after their prescribed ageing period,
gels had a crystal like formation with a slight yellow hue to them. Fired gel's had undergone
some sintering and were white in appearance.

XRD results of the fired gel's for 3 and 24 hour ageing periods are given in figure 1. The
major phase for both ageing periods is hydroxyapatite (JCPDS 9-432) with minor
accompanying phases of CaO (JCPDS 13-1497) and (3-TCP (JCPDS 9-169). Over the 24-
hour ageing period, XRD results indicate a slight lowering of intensity of the CaO peak and to
a lesser extent p-TCP with respect to HAp intensity. The reason being thought for the
presence of the minor phases is that the reactants have not had efficient time to react over a 24
hour period. Alternately, there may be the effects of dehydroxylation or decomposition of the
HAp, due to high temperature firing or lack of stoichiometry between the starting precursors,
resulting in the presence of CaO and (3-TCP [9].
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Fig: 1 XRD patterns of 3 and 24Hr ageing - minor phases of CaO and P-TCP do
not differ greatly over the 24Hr period - crystal phases are CaO (V) and p-TCP

(O) unassigned peaks belong to HAp

SEM pictures of the 3 hour aged powders are given in figure 2a and 2b. Both ageing times
showed no difference in the morphology of the fired gels. It can be seen in both figures that
the particles are spherical in appearance, Fig: 2a, represents the particles that have started to
agglomerate and started to undergo active sintering. Figure: 2b shows that the particle size is
approximately lOOnm. The nano-sized particles explain the progression of agglomeration and
sintering at the firing temperature of 900°C.

Conclusion
The work thus far undertaken has illustrated that it is possible to produce hydroxyapatite via
diethyl phosphite route. Ageing the sol does not appear to effect the composition of the fired
gel. It could be possible that the reactants do not react together stoichiometrically or the nano-
sized particles are extremely reactive (under sintering conditions) and are already undergoing
the effects of decomposition and/or dehydroxylation. Further work into this system will help
to enable the optimal conditions for monophasic or biphasic hydroxyapatite synthesis without
the need for ageing.
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Figure 2 - SEM micrographs of 3hr. aged powder fired to 900°C - particles are spherical in
appearance. The agglomerations and sintering are shown in 2(a), 2(b) shows the nano-sized
particles after firing.
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