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Microstructure designed porous ceramics of calcium hydroxyapatite (Ca,(PO)(OH).) were prepared by hydrother-
mal method. The parlicle size, shape, and the micro-pore size of the porous hydroxyapatite ceramies could be
controlled. The hydroxyapatite was non-stoichiometric apatite with caleium deficient compositions (Ca/P ratio<1.67).
The composition of non-stoichiometric hydroxyapatite ceramies could be controlled from 1.50 to 1.63 in Ca/F ratio.
The hydroxyapatite ceramics prepared at 105°C under the saturated vapor pressure for 20 h were composed of rod-
shaped crystals with about 10 pm in length with the mean aspect ratio of 40. The porous ceramics of ealcitm
deficient hydroxyapatite had about 45% porosity with the inter-connecting pore structure. Porous hydroxyapatite
ceramics prepared hydrothermally had the compressive strength of about 10 to 30 MPa. In addition, porous
ceramics of B-iricaleium phosphate (B-Cas(P0,).) were prepared from the caleium deficient hydroxyapatite.
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I. Introduction

C alcium hydroxyapatite (Ca, (PO.}{OH),: HA) is one of
the most bic-compatible materials owing to sim-
ilarities with inorganic constituents of bones and teeth."”
The apatite in bones is caleinm deficient hydroxyapatite
with non-gtoichiometric compaesition.” Therefore, the cal-
cium deficient HA must be more bio-compatible than
stoichiometric HA. The implant materials for human
bones and teeth require not only bio-compatibility but
alse suitable miecrostructure for prometing bone forma-
tion. The inter-connecting pore structure is essential to
bonding with natural bone.

Porous materials with precisely controlled microstruc-
tures and compositions are necessary for the quantitative
characterization of the new bone formation on malerials
and of the resorption of materials irn vive. The authors pre-
pared the translucent dense HA ceramics hy hydrothermal
hot-pressing,® and the hardened materials of calcium-alu-
ming-gilicate glass and some kinds of caleium phosphate
by the hydrothermal treatment.”® The present paper deals
with the preparation of microgstructure desipned porous
ceramice of caleinm deficient HA with inter-connecting
pore structure by the hydrothermal technique. In addition,
porous ceramics of [-tricalcium phogphate (P-Ca(PO.):: -
TCP) with almost same microstructure could be prepared
by heating the caleium deficient HA,

11. Experimental Procedure

Cormmercial a-tricalcium phosphate powders (o-Cay(PQ,),
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:o-TCP, Taihei Chemical Industrial Co., Ltd., Japan)
were used as the starting material. The powder was
formed into cylindrical shape of 8 mm¢ x 10 mmL with
about 60% porosity. The samples were set in a 105 cm”
autoclave with 10 em® of ion-exchanged water addition,
then they were exposed to vapor of water under the vari-
ous conditions at the temperatures from 30°C to 250°C
for 20 h.

The produced phases were identified by powder X-ray
diffractometry with Ni filtered CuKo radiation, operat-
ing at 40 kV and 20 mA (XRD; Mae Science, MXP3,
Japan). The HA content in the prepared samples was es-
timated by XRD measurement. The relative intensity of
XRD lines for HA was used in order to determine the
HA content.” The samples prepared were dissolved in 0.1
M nitric acid, and then the chemical compesition of them
was analyzed by inductively coupled plasma spectro-
meter {ICP-MS; Seiko Instruments, SPQ 9000, Japan),

The microstructure of specimens was obhserved by seann-
ing electron microscope for the surface and for the frac-
tured surface (SEM; JECL, JSM-258, Japan). Pore volume
and distribution of pore diameter were measured by mar-
cury intrusion porosimetry (MIP; Carlo Elba, Porosimeter
2000, Ttaly). The compressive strength of porous materials
was measured by mechanical testing machine (Tokyo
Testing Machine, UTM Type RAT 30, Japan).

III. Results and Discussion

Cylindrical samples exposed to vapor of ion-exchanged
water were hardened because of formation of HA from o-
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Fig. 1. Amount of formed hydroxyapatite in the porous ma-
terials and Ca/P molar ratio of the materials prepared by va-
por exposure treatment at the temperatures indicated for 20 h.

TCP* as the bonding material, In the present experi-
ment, HA was formed at the temperatures ahove 40°C
and then no phases other than HA were revealed by
XRD for the samples treated at the temperatures above
105°C. Relationship between the treatment temperature
and the amount of formed HA was shown in Fig. 1. The
reaction between o-TCP and water was considered as
follows, if the obtained HA was the stoichiometric HA.

10Ca,;(PO),+6H0 — 3Ca,{P0O){(OH)+2H,PO, (1)

Indeed, the treating water after hydrothermal treatment
was dilute aqueous solution of phosphoric acid according
to ITCP-MS analysis. The value of pH of the treating water
was about 5. However, the produced HA was not stoichio-
metric HA, that was calcium deficient HA. In general,
chemical formula of caleium deficient HA is described as
follows.*®

CaIO-xHx(P O.Jﬁ(OH)z-x - HHZO 2)

The composition of the apatite eould be controlled. The
Ca/P ratio of the samples increased with increasing treat-
ment temperature from 1.50 to 1.63 (Fig. 1), but the Ca/
P ratio of the samples was lower than that of steichiome-
tric HA (Ca/P ratio of stoichiometric HHA=1.67).

Porous HA ceramies prepared at the temperatures be-
low 80°C were composed of irregular formed particles
{Fig. 2(a)). In the contrast, homogenecus porous stracture
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Fig. 2. SEM photographs of fractured surface of samples
prepared al 80°C (a) and at 105°C (b) under the saturaied
vapor pressure for 20 h. Rod-shaped particles of (h) were cal-
cium deficient hydroxyapatite.

was observed by SEM for the samples treated at the tem-
peratures above 105°C. Porous HA ceramics prepared hy-
drothermally at 105°C was composed of rod-shaped cry-
stals elongated along the c-axis by SEM observalion (Fig.
2(b)). The HA crystals were about 10 pm in length with
the mean aspect ratic of 40. Thig porous HA ceramics
had the porosity of about 45%. The distribution of micro-
pore size measured by MIP is shown in Fig. 3. The mean
diameter of micro-pore was B2.3 nm in size. The porosity
and the size of micro-pore increased slightly with increas-
ing temperature of the hydrothermal treatment. The
compressive strength of the porous HA prepared at 105
*C was about 10 MPa, and prepared at 250°C was
about 30 MPa. Calcium deficient HA tends to decompose
inle tricaleium phosphales by heating in ecomparison with
stoichiometric HA™ Thus, porous ceramics of p-trical-
cium phosphate (B-Caz(PO,);: B-TCP) were obtained from
the porous ceramics of calcium deficlent HA with Ca/P
ratio of 1.50 by heating at 800°C for 3 h in air. This
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Fig. 3. Pore size distribution of porous hydroxyapatite ceram-

ies prepared hydrothermally at 105°C under the saturated
vapor pressure for 20 h.

porous (-TCP had almost same micro-structure in com-
parison with the porous HA before heating. The porous
B-TCP was composed of rod-shaped particles with about
10 pm in length, and it had almost same porosity and mi-
cro-pore size. The compressive strength of the porous ma-
terial increased by heating at 900°C in air. The compres-
sive strength of the porous B-TCP was about 40 MPa,

New bone formation on stoichiometric HA, caleium de-
ficient HA and B-TCP, and resorption of these materials
in vivo have not been characterized quantitatively in the
previous investigation, since the micro-structure and com-
positions of materials were not coniralled precisely. The
bone formation on materilas and resorption of materials
were under the influence of the microstructure and com-
positions of materials.""® Therefore porous ceramics of
HA and B-TCP prepared in this study should be good ma-
terials for quantitative analysis of hone formation and
resorption In vivo,

IV. Conclusions

The results desecribed in this paper allow to draw the
following conclusions.

(1) Porous HA ceramics were prepared hydrothermally.
The porous HA ceramics prepared at 105°C were com-
posed of rod-shaped crystals of about 10 pm in length
with homogeneous microstruetures.

{2) The HA was calcium deficient hydroxyapatite. The
Ca/P molar ratio of the HA eould be controlled from 1.50
to 1.63.
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