
INTRODUCTION

Titanium and its alloy have excellent corrosion resis-

tance, mechanical strength, and biocompatibility, and

are widely used as implant materials subjected to
biomechanical loading1-3) . It is known that the

surface condition of titanium significantly influences

its biocompatibility3). A lot of techniques have been
reported to improve the titanium surface for biologi-

cal applications using physical and chemical treat-

ments: sandblasting3) , acid etching3-5) , alkaline
treatment6,7), glow discharge treatment3), and apatite

coating. Among these techniques, apatite coating is

known to promote direct contact with bone tissue8-10).
Practically, apatite coating has been widely used

in orthopedics and dental materials in order to

improve the success rate of bone bonding as well as
enhancing tissue compatibility with titanium and its

alloys1,9-11). For apatite coating, a variety of methods

have been reported: plasma spraying12) , ion beam
assisted deposition13), magnetron sputtering14), sol-gel

processes15), composite glass coating16), electrochemical

deposition17-20), and alkaline treatment21). In particular,
chemical treatments such as electrochemical deposi-

tion and alkaline treatment are simple and inexpen-

sive methods, because they do not need expensive and
large equipment and they allow for homogeneous

coating on substrates with complicated shapes.

Previously, we reported on a simple two-step
chemical treatment of commercially pure titanium

(cpTi) plates4). It entailed etching in a concentrated

acid followed by alkaline treatment. The result was
encouraging in that apatite-forming ability was

greatly enhanced on the surface of titanium in a

simulated body fluid. It was thus perceived that
concentrated H2SO4 etching could enhance the apatite-

forming ability of alkaline-treated titanium due to

the formation of a large amount of sodium titanate

with increasing surface area and the formation of
TiH2. It was also reported that apatite coating was

possible on hydrophilic polymer-grafted polyethylene

films and agarose by an alternate soaking process,
whereby the characteristics of the obtained apatite

were quite similar to real bone10,22). This process is

based on the widely known wet process for
hydroxyapatite preparation by alternately soaking in

CaCl2 /Tris-HCl and Na2HPO4 aqueous solutions.

However, there were no reports on apatite coating on
titanium using the alternate soaking process. It

seems that untreated titanium is relatively hydropho-

bic, and that it is difficult to adsorb Ca and PO4

ions.

Recently, we developed a novel apatite coating

method for titanium, whereby the alternate soaking
process was preceded by a combined pretreatment of

acid etching and alkaline treatment23) . It was

confirmed that the number of reaction cycles affected
the deposited amount of apatite on cpTi plates23) .

Moreover, vacuum firing of the substrate decreased

the deposited apatite, although vacuum firing erased
the TiH2 formed during acid etching24).

In the present study, effects of the number of

reaction cycle, soaking time, and solution tempera-
ture on apatite deposition on cpTi plates using the

alternate soaking process were systematically investi-

gated to determine an optimal coating condition.
Furthermore, coating on cpTi mesh was also exam-

ined to evaluate the coating ability on substrates

with complicated shapes. Finally, the mechanism of
apatite coating using alternate soaking was also

discussed.
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