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A new system of functionally graded materialsis considered in this study. The samples were
obtained by sintering titanium with hydroxyapatite powders. Hydoxyapatite type grains were
prepared by sol-gel method. The sintering conditions lead to convenient values of samples
density as compared with bone density. The bioactivity was tested in simulatated body fluid
(SBF). The size of hydroxyapatite type phases devel oped at the sampl e surface after soaking
for aweek in SBF is about hundreds of micrometers and tend to form a continuous network
of the new developed bioactive layer.
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1. Introduction

Titanium is one of the most adequate metallic implant materials, becauseit is biocompatible
and self-passivating. Even though the density of bulk titanium, 4.5 g/cm?, is higher than that of bone,
it is considerably lower than that of stainless sted's, of approximately 8 g/cm®. In order to improve
the bone attachment, bioactive hydroxyapatite layer deposition is often used for coating of titanium
implant. Biologically active hydroxyapatite similar to the mineralised bone tissue may be deve oped
under in vivo simulated conditions [1].

Functionally graded materids consisting of metallic and ceramic components [2] are well
known to improve the properties of severa systems such as medica implant devices.
Hydroxyapatite is known to be both biocompatible and bioactive materid, 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 enforcer with hydroxyapatite [3,4,5]. These
solutions allow improved adhesion strength of the load bearing metallic component to the bone,
resulting in shorter healing periods as well as predictable behaviour of theimplant for longer periods
of time. There are different techniques of producing HA appropriate for these purposes. Sol-g€
technology offers an dternative technique for producing bioactive surfaces for improved bone
attachment [6,7].

This study is focused on microscopic analysis of the graded layer structure before and after
immersion in asimulated body fluid as the devel opment of an active layer is expected.

2. Experimental

Titanium powder (0.01%Fe; 0.01%Al; 0.001%Si; 0.05%Mg) with the grain size of
63 - 100 um was used. Hydroxyapatite was prepared through a sol-gel technique, burnt and milled
to obtain a powder with the grain size of less than 40 um. The precursor reagents were calcium
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nitrate Ca(NQOs), as a source of calcium ions and ammonium phosphate (NH,4),HPO, as the
phosphorus precursors. The Ca/lP molar ratio in precursors was 1.67. The distilled water sol ution of
phosphorus precursor was added to the cacium nitrate solution heated at 90 °C. After mixing the
sol-gd was washed at room temperature and dried for 2 hrs at 110 °C. The dried sol-gdls were heat
treated in air for 3 hours a 900 °C and for 1 hour at 1150 °C. Samples with 10 weight %
hydroxyapatite were mixed in a tubular mixer. Powders were pressed by applying forces of 30 and
35 kN inarigid diewith the surface of 0.5 cm?, without the use of any |ubricant. The compacts were
subsequently vacuum sintered (10° Torr) a 1160 °C for 60 minutes, with dwelling stages at 200,
600 and 800 °C. The bulk density of the sintered samples was determined using Archimedes
method. X-ray diffraction analysis (DRX) was carried out on powder and sintered samples using a
Bruker Avance diffractometer.

Bioactivity was investigated by an in-vitro test. The samples were soaked in simulated body
fluid (SBF) solution [8]. SBF contains NaCl, NaHCOs, KCI, K,HPO4-3H,0, MgCl2-6H,0, 1N-HCI,
CaCl,, N&SO, and NH,C(CH,OH); (trishydroxymethylaminomethane- as buffer). Exposure
experiments in SBF of pH 7.4 were conducted between 37 and 40 °C in polystyrene vials. The
surfaces were characterized by optical microscopy. The SBF volume to sample surface area was
around 30 m. The surfaces were characterized by optical microscopy. The microstructure on
randomly selected areas was observed with a stereo optical microscope Nikon Edipse E200
equipped with CCD camera Nikon Kooply X995.

3. Results and discussion

The density of the samples sintered under 30 kN is 3.05 g/cm® and 3.10 g/cm?® for those
sintered under 35 kN. As mineral bone density is often inferred [9] the value of 2.982 g/cm®, so that
the density of the sintered Ti-HA samplesis very convenient for boneimplant.

An essential requirement for an artificial material to bond to living bone is the formation of
abiologicaly active HA-like layer on its surface in abody environment [10] and for this reason such
materials are also called biomimetic systems [11,12].

The X-ray diffraction analysis carried out on sol-gd hydroxyapatite type powder shows that
the as prepared samples are characterised by large structural disorder degree. Relative large peaks
correspond to crystalline calcium phosphate. The applied heat treatments induce the crystallisation
of several gpatitetype crystals.

In order to check the bioactivity the samples were soaked for 7 daysin SBF with pH = 7.4 at
temperatures ranging between 37 and 40 °C. At the surface of the samples the Ti and HA type
phases are reative homogeneous (Fig. 1a and 2a). After immersion in SBF one can observe after
7 days an expansion of calcium phosphate phase (Fig. 1b and 2b).
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Fig. 1. Optical microscopy on sintered 90Ti-10HA samples (a) before and (b) after soaking
in SBF. The samples were pressed by applying a force of 30 kN.
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Fig. 2. Optical microscopy images on sintered 90Ti-10HA samples (a) before and (b) after
soeking in SBF. The samples were pressed by applying aforce of 35 kN.

The microtexture of the surface is dominated by HA type phase. After immersion in SBF,
one observes that the bioactive phase is extended at the expense of titanium phase. The HA type
phases developed at the surface of Ti-HA sintered samples after seven days immersion in SBF have
the size up to 0.35 mm for samples sintered under 30 kN. Increase of sintering force from 30 to
35 kN leads to a finer phase distribution at the surface (Fig. 2a) and after SBF soaking the HA type
phases have the size up to 0.50 mm. At the same time, in both cases, one remarks the tendency to
form a continuous network of the new bioactive layer devel oped in interacti on with the SBF as result
of interface interactions and cations exchange, primary with the HA type phase.
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Fig. 3. DRX patterns of the 90Ti-10HA samples sintered under 30 kN (a) before and (b)
after soaking in SBF.

Due to the fact that from XRD patterns (Fig. 3a and 4a) only a-titanium lines of metallic
phase [13] have been identified one can assume that the second phase consists of vitreous calcium
phosphate or very distorted crystals. The titanium metallic phase seems to be formed by crystals
preferentially oriented to the sample surface. These effects on the both phases are due to the
relatively high sintering temperature (1160 °C) and high pressure used for samples processing. HA
type polycrystalline phases developed at the surface of Ti-HA powder sintered samples after seven
days immersion in SBF confirmed in XRD pattern (Fig. 3b and 4b) by appearance of new intense
lines at 20 = 29.5° and 35°. An other effect of the SBF soaking is observed on the titanium
microcrystals orientation on the sample surface, that are after seven days immersion in SBF
randomly oriented.
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The formation of the bioactive phase could be aso induced by the Ti-OH groups, which
revedls negative charge to interact with calcium ions in the SBF. The amorphous calcium titanate is
postulated to reveal positive charge, thereby interacting with the phosphate ions in the fluid to form
the amorphous cal cium phosphate, which eventualy crystallized into HA-like phase [1].
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Fig. 4. DRX patterns of the 90Ti-10HA samples sintered under 35 kN (a) before and (b)
after soaking in SBF.

4. Conclusions

The density of the sintered Ti-HA samples is very convenient for bone implant. In vitro
these materials proved to have bioactive behaviour. The development of a bioactive phase on the
surface of Ti-HA sintered samples was evidenced by microscopic analysis after soaking for seven
days in simulated body fluid. The size of HA type phases developed at the sample surface is about
hundreds of micrometers and depends on the pressing force applied during sinterisation process.
HA type phases trend to form a continuous network of the new deve oped bioactive layer. Before
SBF immersion in the titanium metalic phase occur crystals preferentially oriented to the sample
surface, but as a result of the interface processes with SBF titanium metallic grains become more
randomly oriented.
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