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Abstract. Sodium titanate gels on the surface of titanium metal have been formed using sodium
hydroxide solution and oxidised at 40O0-800°C. The reaction sequence for these processes with
increasing temperature is Ti -. sodium titanate gel --, crystalline sodium titanate gel 7- porous
(top) and dense (bottom) anatase + porous (top) and dense (bottom) rutile. These samples
subsequently were soaked in simulated body fluid in order to study the precipitation of
hydroxyapatite in the absence and presence of long UV radiation, which has not been investigated
before. One sample showed greatly enhanced hydroxyapatite deposition, this being the one
oxidised at 400°C, consisting of small amounts of crystalline sodium titanate and anatase, and
subjected to UV irradiation. More generally, enhancement of hydroxyapatite precipitation is
observed in the presence of anatase and/or sodium titanate; suppression of hydroxyapatite
precipitation is observed in the presence of gels and rutile. However, UV light with anatase
enhanced precipitation while W light with rutile suppressed it. This is attributed to the
morphological effect of the larger grain of rutile compared to the smaller anatase.
Introduction
Gel oxidation is a thermochemical method used to form a bioactive surface layer on a metallic
titanium (Ti) surface. A bioactive layer on the Ti surface is necessary in order to improve tissue
compatibility and bonding between the implant and the bone [I]. Gel oxidation is a simple method
by which the thickness and morphology of surfaces can be controlled. It can be described in terms
of a two-step processi) Gelation:

Ti metal is treated with a aqueous corrosive reagent, such as NaOH solution,
thereby forming a sodium titanate hydrogel [2].
ii) Oxidation. The hydrogel is oxidised at various temperatures, thereby forming a surface layer of
recrystallised titania (Ti02) and possibly other phases, such as sodium titanate, on
the surface.
The zn vitro route to form bone-like hydroxyapatite (Ca10(P04)6(0H)~)coatings on Ti surfaces
by immersion in simulated body fluid (SBF) is well established. Kokubo et al. [3] have explained
that alteration of the surface charge on a sodium titanate surface after immersion in SBF is the first
step toward hydroxyapatite formation. Since Ti inevitably is coated with a thin passivating layer of
TiOz, there also have been several studies of hydroxyapatite formation on coatings of this oxide
[2,4] In light of the semiconducting properties of Ti02 151, it can be expected that the
photocatalytic properties of TiOz, which are sensitive to UV radiation, and the associated surface
electrical phenomena [6] are likely to have a significant effect on the precipitation of
hydroxyapatite. Shozui et al. [7] subjected mtile coatings on oxidised Ti to W irradiation before
soaking in SBF and observed enhanced deposition of bone-like hydroxyapatite. This is difficult to
rationalise owing to the fact that the photocatalytic effect is active only during irradiation.
However, exposure to ambient light during soaking (conditions not specified by the authors) or
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Conclusions
Gel oxidation is a relatively simple method of producing porous but well adhered layers of titania
on titanium metal. The oxidation of these layers detemines the relative amounts of anatase, rutile,
and residual sodium titanate present. Surprisingly, the roles of the different titania polymorphs and
sodium titanate appear to be critical to the degree of hydroxyapatite precipitation during soaking in
simulated body fluid. That is, anatase and sodium titanate are beneficial while amorphous gels and
m i l e are deleterious. Surprisingly, it appears that sodium titanate alone may be sufficient to
enhance precipitation. More surprisingly, owing to the photocatalytic response of titania to W
light, irradiation with long UV radiation enhanced precipitation with anatase but the effect of rutile
was to suppress it. Since the lower band gap of rutile suggests that its photocatalytic effect should
be stronger than for anatase, it is concluded that the main difference between the two the larger
grain size of the rutile - is responsible for this result.
-
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