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Introduction
Hydroxyapatite (HAp) is known to be both biocompatible and bioactive material, however,
due to its poor mechanical properties and design limitations is not suitable for applying as a
load bearing implant. This could be overcome by using appropriate metallic substrates
covered with HAp, derived via different techniques. These coatings allow improved adhesion
strength of the load bearing substrate to the bone, resulting in shorter healing periods as well
as predictable behaviour of the implant for longer periods of time.

There are different techniques of producing HAp appropriate for coating purposes. Due to the
small particle size of the grains derived, sol-gel route is preferable where lower sintering
temperatures are of primary importance.

For better adhesion between substrate and hydroxyapatite coating, the surface of titanium
substrate, in this study, was converted to titanium nitride and/or oxynitride. Sintering
temperatures of 900°C have been used for producing crystalline HAp coatings. The control of
sol-gel solutions and the analysis of the coatings were carried out using XRD, SEM and DTA
techniques. Results obtained indicate high quality HAp coatings can be produced on titanium
substrates especially with complex shapes that benefits over the other coating methods.

Materials and Methods

Solution Preparation
Solution preparation was conducted in a moisture free atmosphere due to the hygroscopic
nature of the reactants. High purity calcium diethoxide was dissolved with the assistance of a
magnetic stirrer in a vial containing ethanol and ethanediol. Independently triethyl phosphite
was added to another vial consis ethanol. The phosphite solution was then added dropwise to
the calcium containing solution to obtain a Ca/P molar ratio of 1.67/1, and the reaction
mixture was stirred for a period of 30 minutes at ambient temperature. This solution was
allowed to age for periods up to 24 hours [1,2].

Characterisation of the Precursor Sols and Gels
The gels were crushed in a mortar and pestle and analysed with thermo-gravimetric analysis
and differential thermal analysis using a SDT 2960 simultaneous thermal analyser (TA
Instruments, Newcastle, USA). The powder was heated at 10°C/min to 1200°C in a stagnant
air atmosphere.

Coating Production
Titanium and Ti6A14V coupons were ground and polished to a surface finish of 0.05 microns
and used as substrates. Before coating substrates were ultrasonically cleaned twice with
acetone and then twice in ethanol. A quantity of 0.05 ml of aged unhydrolysed solution was
taken from the vial and placed on the polished coupon surface. A spin coater (Headway
Research, Garland, USA) was used at a speed of 2500 r.p.m.for 10 seconds to produce the
coating. The applied layer was hydrolysed in an oven at 70°C for 15 minutes and then, prefired
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at 500°C for 15 minutes. A total of 5 layers were deposited before final firing to 600, 700, 800
and 900°C for 120 minutes.

Characterisation of Coatings
Coatings were analysed using X-ray diffraction with a grazing angle attachment (0.5°). The
crystallisation temperature determined in differential thermal analysis was confirmed with X-
ray diffraction on a Siemens D-5000 diffractometer (Karslruhe, Germany) with Cu Kcc
radiation. The diffraction pattern was collected over the 20 range of 20-40° with an
acquisition time of 5 seconds at each step of 0.02°.

Scanning electron microscopy was performed in a JEOL JSM-6300 using a field emission
gun as the electron source. Coatings fired to different temperatures were coated with carbon
before analysis.

Temperature C

Figure 1 .Thermal analysis showing conversion of hydrolysed gel into Hydroxyapatite

Results and Discussion
Differential thermal analysis of the aged samples shows an endotherm followed by three
exotherms positioned at 240, 400 and 550°C, (Figure 1). The endothermic reaction at low
temperature is related to the removal of alcohols and adsorbed water. The first two exotherms
correspond to polycondensation and the release of organics, thus requiring a prefiring
temperature of 500°C. The exothermic peak at 550°C suggests crystallisation of an amorphous
calcium phosphate. Coatings fired to temperatures between 500 and 900°C and analysed by
X-ray diffraction indicates that crystallisation occurs between 500 and 600°C, (Figure 2). The
release of heat on crystallisation is small suggesting that small atomic arrangements of the
calcium and phosphate species are required for crystallisation. Indeed the coatings were crack
free with average size 500nm.

X-ray diffraction of the coatings heated to the various temperatures indicated that initially the
titanium substrate was observed which oxidised at temperatures starting at 800°C. Based on
the possible phase transformation in the metallic substrate, the occurrence of oxidation and
very little weight loss after 800°C, it is suggested that this temperature is suitable for
manufacturing sol gel hydroxyapatite coating. The resulting microstructure is a nano-grained
hydroxyapatite coating with an average grain size of 500nm (Figure 3). Densification of the
coating can then be obtained with a longer firing temperature at 800°C.
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Figure 2. XRD plots of HAp coatings on Ti substrate calcified at various temperatures

Figure 3. SEM micro-graph of HAp on Ti substrate, calcified at 800°C for 2 hours

Conclusions
Nanocrystalline thin films coatings have been composed via sol-gel alkoxide route. Coating
thickness ranges from 100 to lOOOnm depending on the number of applied layers. Solutions
were noticed to wet substrates well and produced crystalline HAp coatings. A final firing
temperature of 800°C is required to remove most of the organic material and to produce thin
homogeneous coatings. SEM examination revealed the growth of dense coatings consisting of
grains with medium size 500nm after sintering at 800°C.
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