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Introduction
Since the 1970s it is well known that if a biocompatible ceramic prosthesis with appropriate
interconnected pores is used, growth of hard and soft tissue into the surface pores will be
observed. A very strong attachment and hence the resultant mechanical and chemical bond to
the existing surrounding tissue will be produced.

Current artificial eyes although widely used encounter various problems due to the their
motility and fail to deliver natural movement. They also cause sagging of the lids due to
unsupported weight of the prosthesis. It is expected that application of a porous bioceramic
such as the hydroxyapatite can generate good bonding to the tissue and hence a life-like eye
movement [1].

Hydroxyapatite (HAp) and related calcium phosphates have been studied for many years as
implant materials, due to their similarity with the mineral phase of bone. From the point of
view of biocompatibility, HAp seems to be the most suitable ceramic material for tissue
replacement implants. Hydroxyapatite ceramics do not exhibit any cytoxic effects. It shows
excellent biocompatibility with hard and soft tissues. Moreover, HAp can directly bond to the
bone [2].

Various preparation methods for HAp including the hydrothermal method have been used.
The hydrothermal method was first used for hydroxyapatite formation directly from corals in
1974 by Roy and Linnehan [3]. Complete replacement of aragonite by phosphatic material
was achieved under 270°C and 103MPa using the hydrothermal process. This process has the
disadvantage that the hydrothermal treatment must be carried out at a relatively high
temperature under very high pressure. In 1996, HAp derived from Indian coral using
hydrothermal process was developed by Sivakumar et al. [4]. However, the resultant material
was in the form of a powder.

Australia has rich variety of corals. Their application for implants have been studied very
little. In this study, Australian corals selected were used for hydroxyapatite conversion. A new
hydrothermal process of hydroxyapatite formation has been developed. Systematic
characterisation of various coral species and converted hydroxyapatite has also been carried
out.

This paper represents a comparison of the physical properties of Australian coral before and
after hydrothermal conversion to hydroxyapatite (HAp). In the present study an improved
hydrothermal process has been developed which produces a HAp material having greater
strength. This enables the resultant material to be shaped after conversion. Hydroxyapatite
produced from corals has applications to many types of implants.

Materials and Methods
The coral, similar to the genus Goniopora, was obtained from the Australian Great Barrier
Reef. It was shaped into the form of a block or sphere and prepared according to the
hydrothermal method used by Roy and Linnehan [3].
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The coral was studied before heat treatment, after heat treatment and after hydrothermal
conversion. A number of characterisation techniques including Fourier transform infrared
spectroscopy (FTIR), nuclear magnetic resonance (NMR), X-ray diffraction (XRD), scanning
electron microscopy (SEM) and thermogravimetric and differential thermal analysis
(TGA/DTA) were used. Infrared spectra were recorded on a BIO-RAD FTS-7 Fourier
transform spectrophotometer. Samples were mounted on KBr discs and were routinely
recorded using a resolution of 2cm"1 and 64 scans. 31P NMR solid-state spectra were recorded
on a Bruker MAS-300 spectrometer operating at 121.49MHz. The reference used was
external 85% H3PO4. The morphology of the coral was studied using a JEOL 6300F FEG
SEM operated at 8kV. The phase composition of the coral and heated samples were examined
by X-ray diffraction (XRD) using the Siemens D-5000 (Karlsruhe, Germany), employing
graphite-monochromated Cu-Ka radiation. The XRD scan was from 2 Theta = 20.000 to
60.000 in 0.020 steps with a step time of 2.0s. Thermogravimetric and differential analyses
were performed on a TA Instruments SDT 2960 Simultaneous DTA-TGA at a heating rate of
10°C/min.

Results and Discussion
The IR spectra of the coralline hydroxyapatite showed absorption bands P-0 at 1091, 1060sh,
964, 602, 564 and 476cm"1, and at 358 and 636cm"1 are indicative of the O-H functional
group.

Solid 31P NMR spectrum of the coralline hydroxyapatite exhibited one single peak at 2.89ppm
relative to 85% H3PO4, indicating the absence of any impurities.

The products after hydrothermal process were identified by powder X-ray diffraction to be
single phase of hydroxyapatite (JCPDS 9-0432). The XRD pattern of converted
hydroxyapatite demonstrated high crystallinity. No peaks corresponding to CaCC>3 or CaO
were found (Figure 1).

Figure 1. XRD pattern of a coralline hydroxyapatite.
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Figure 2: SEM image of Australian coral after hydrothermal conversion.

The morphology of the coral before and after conversion was studied using SEM. An SEM
image of Australian coral after conversion is given in Figure 2. The pores in the structure
were found to increase in size after hydrothermal conversion. Even with the increased pore
size the interconnecting material is substantial enough to maintain the strength of the coral.

Thermal analysis was used to further characterise hydroxyapatite formation from coral. The
weight loss of the product at 1000°C was observed as only 1.4%. This indicates that the
hydroxyapatite product converted from Australian coral under hydrothermal treatment has a
low concentration of impurities.

Conclusion
This work has demonstrated that under a controlled hydrothermal exchange, strong and
porous coralline hydroxyapatite from Australian coral can be produced at relatively low
pressure. The hydroxyapatite obtained retains the structure and strength of coral.
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