854

doi:10.1246/cl.2010.854
Published on the web July 3, 2010

Formation of Hydroxyapatite Microtubes Assisted with Anatase
under Hydrothermal Conditions

Masanobu Kamitakahara,*! Setsuaki Murakami,?> Hiroko Takahashi,! Noriaki Watanabe,'! and Koji Ioku'
YGraduate School of Environmental Studies, Tohoku University, 6-6-20 Aoba, Aramaki, Aoba-ku, Sendai, Miyagi 980-8579
’National Institute of Advanced Industrial Science and Technology,

2266-98 Anagahora, Shimo-Shidami, Moriyama-ku, Nagoya, Aichi 463-8560

(Received May 17, 2010; CL-100474; E-mail: kamitaka@mail.kankyo.tohoku.ac.jp)

Hydroxyapatite (HA) has attracted much attention due to its
biocompatibility and adsorption capability. The HA microtubes
are highly attractive because they can provide improvement of
functionality. It was found that HA microtubes were formed
when o-tricalcium phosphate (-TCP) was hydrothermally
treated with addition of anatase. The fact that microtubes did
not form under titania-free conditions indicated that titania
played important roles to form microtubes.

Hydroxyapatite (Ca;o(PO4)s(OH),; HA) is the main inor-
ganic component of our bones and teeth. HA ceramics have been
used as artificial bones and as chromatographic stationary phases
due to its biocompatibility! and adsorption capability,? respec-
tively. The properties of HA ceramics can be tailored by the
size and morphology of particles constructing the ceramics.
Preparation of HA particles with different morphologies, such as
rod (or fiber)-like,> plate-like,”® and tubular® shapes, has been
reported. Among the morphologies, tubular shape is highly
attractive because it can provide improvement of functionality
because of their larger surface area and light weight. In a
previous study,” HA microtubes were prepared in a mixed
solvent of water/N,N-dimethylformamide by a solvothermal
method. In the present paper, a new formation system for HA
microtubes is described. N,N-Dimethylformamide used in the
previous report is an organic solvent harmful to both our health
and environment. The present system provides HA microtubes
by using only water vapor without an organic solvent. Moreover,
the use of water vapor would be an advantage of mass
production because the collection of the products is easy and
the waste heat from the factory is available.

We found the formation of HA microtubes when o-
tricalcium phosphate (Caz(POy),; «-TCP) was hydrothermally
treated with addition of anatase. The HA microtubes were
prepared as follows: o-TCP powder (Taihei Chemical Industrial
Co., Ltd., Japan) and anatase powder (TiO,, ST-01, Ishihara
Sangyo Kaisha, Ltd., Japan) were mixed in a mass ratio of 65:35
with a mortar. The mixed powder (0.05 g) was pressed to obtain
a pellet 8mm in diameter and 0.6 mm in thickness (Sample
Anatase-ADD). As a reference, a pellet composed of only «-
TCP powder was also prepared by the same conditions (Sample
Anatase-FREE). The specimens were set in a 50-cm’ Teflon®-
lined autoclave with 10 cm? of water. The autoclave was put into
an oven kept at 120 °C, and the specimens were exposed to water
vapor at 120°C under saturated vapor pressure for 24h. A
schematic illustration is shown in Figure 1. This system is
preferred for preparing rod-like HA particles from a-TCP. After
the hydrothermal treatment, the autoclave was cooled down by a
blower at room temperature. The samples were taken out from
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Figure 1. Schematic illustration of hydrothermal treatment.

Figure 2. SEM photographs of the samples Anatase-ADD and
Anatase-FREE after the hydrothermal treatment.

the autoclave, washed with distilled water, and dried at 90 °C.
The samples were analyzed by X-ray diffractometry (XRD;
RINT-2200VL, Rigaku Corporation, Japan) and observed by
scanning electron microscopy (SEM; S-4100, Hitachi Ltd.,
Japan).

Figure 2 shows SEM photographs of the samples Anatase-
ADD and Anatase-FREE after the hydrothermal treatment.
Many microtubes were found on the surface of the sample
Anatase-ADD. On the other hand, only rod-like particles were
observed on the surface of the sample Anatase-FREE.
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Figure 3. XRD patterns of the sample Anatase-ADD before
and after the hydrothermal treatment.

Figure 3 shows XRD patterns of the sample Anatase-ADD
before and after the hydrothermal treatment. The diffraction
lines ascribed to a-TCP and anatase were detected before the
hydrothermal treatment, while those ascribed to HA and anatase
were detected after hydrothermal treatment. This indicates that
a-TCP changed to HA during treatment and anatase did not
change. We previously reported that we can obtain rod-like
HA particles by a hydrothermal treatment of -TCP.>® In fact,
the sample Anatase-FREE was composed of rod-like HA
particles after the treatment. This indicates that the microtubes
and rod-like particles observed on the surfaces of the samples
were HA. HA microtubes were formed on the sample Anatase-
ADD. Although the specimen was not in direct contact with
liquid water in the autoclave, the water vapor was speculated to
condense on the specimen and reacted with «-TCP during
treatment. Without assuming the existence of liquid water on the
specimen, the crystal growth of HA is difficult to explain in such
low temperature.

The anatase itself did not react with water or a-TCP, but the
morphology of the HA particles was affected by the presence of
anatase. The formation mechanism of HA microtubes is still
under investigation, but we speculated two possible effects of
anatase. One is the effect on the nucleation of HA. Under the HA
formation from «-TCP, the dissolution of a-TCP occurs at first,
the condition where the supersaturation of HA is achieved, and
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then HA nucleation occurs. It has been reported that anatase
induces HA nucleation in a solution which is supersaturated with
HA.'%!" It can be speculated that the HA nucleation induced by
anatase provided the formation of HA microtubes. The other
possibility is the spatial effect. We also conducted the same
hydrothermal treatment of pellets composed of «-TCP and
anatase powders with a mixing ratio different from 65:35, but
HA microtubes were hardly formed in these cases. The added
anatase particles might have affected the HA crystal growth and
finally induced the formation of microtubes. The size of the
obtained microtube was not so different from that reported in the
previous study,” but cracks were observed along the long axis
only on some of the present microtubes. The crack formation
implies the inhomogeneous crystal growth on the microtubes in
the present system. The advantage of the present method over
the previous one’ is that we can obtain the shaped materials
composed of the HA microtubes.

The microtube structure of HA would be useful even when
we considered the application of the present material as an HA/
anatase nanocomposite for environmental purification because
the microtube structure can provide large surface area.

The further investigation will provide the insights of HA
crystal formation and production of HA microtubes.

This work was
(No. 21656156).

supported by JSPS KAKENHI

References

1 L. L. Hench, J. Am. Ceram. Soc. 1998, 81, 1705.

2 T. Kawasaki, S. Takahashi, K. Ikeda, Fur. J. Biochem. 1985,
152, 361.

3 M. Kinoshita, S. Itatani, S. Nakamura, A. Kishioka, Gypsum
Lime 1990, 227, 207.

4 M. Yoshimura, H. Suda, K. Okamoto, K. Ioku, J. Mater. Sci.
1994, 29, 3399.

5 K. Ioku, S. Yamauchi, H. Fujimori, S. Goto, M. Yoshimura,
Solid State lonics 2002, 151, 147.

6 K. Ioku, G. Kawachi, S. Sasaki, H. Fujimori, S. Goto,
J. Mater. Sci. 2006, 41, 1341.

7 F. Nagata, Y. Yokogawa, M. Toriyama, Y. Kawamoto, T.
Suzuki, K. Nishikawa, J. Ceram. Soc. Jpn. 1995, 103, 70.

8 M. Kamitakahara, N. Ito, S. Murakami, N. Watanabe, K.
Ioku, J. Ceram. Soc. Jpn. 2009, 117, 385.
M.-G. Ma, Y.-I. Zhu, J. Chang, Mater. Lett. 2008, 62, 1642.

10 P. Li, I. Kangasniemi, K. de Groot, T. Kokubo, J. Am.
Ceram. Soc. 1994, 77, 1307.

11 M. Uchida, H.-M. Kim, T. Kokubo, S. Fujibayashi, T.
Nakamura, J. Biomed. Mater. Res., Part A 2003, 644, 164.

www.csj.jp/journals/chem-lett/


http://dx.doi.org/10.1111/j.1432-1033.1985.tb09206.x
http://dx.doi.org/10.1111/j.1432-1033.1985.tb09206.x
http://dx.doi.org/10.1007/BF00352039
http://dx.doi.org/10.1007/BF00352039
http://dx.doi.org/10.1016/S0167-2738(02)00593-3
http://dx.doi.org/10.1007/s10853-006-7338-5
http://dx.doi.org/10.2109/jcersj2.117.385
http://dx.doi.org/10.1016/j.matlet.2007.09.050
http://dx.doi.org/10.1111/j.1151-2916.1994.tb05407.x
http://dx.doi.org/10.1111/j.1151-2916.1994.tb05407.x
http://dx.doi.org/10.1002/jbm.a.10414
http://www.csj.jp/journals/chem-lett/

