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Abstract

Biphasic calcium phosphate (BCP) bimodal porous ceramics were prepared from a mixture of fine powders of hydroxyapatite (HAp)
and beta-tricalcium phosphate (B-TCP) with varying HAp/B-TCP ratios. Two types of HAp powders and one type of B-TCP powder
were used to produce porous BCP bioceramics with HAp/B-TCP weight ratios of 20/80, 40/60, and 80/20. Dissolution tests were
performed to compare the dissolution properties of BCP-based bioceramics with different structural properties. Porous ceramic samples
of approximately 0.5 g were individually soaked in 30 ml of simulated body fluid (SBF) solution at 36.5 °C for 1, 3, 7 and 10 days,
respectively. The calcium content of the SBF solution was analyzed by ICP. The porous bodies were filtered, dried, and characterized
using SEM, XRD, and FT-IR. The results indicate that the sample structural properties seem to have a greater effect than the storage

environment on the dissolution properties.
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1. Introduction

A scaffold with acceptable biocompatibility is one of
the key factors required for successful tissue engineering
leading to tissue regeneration [1]. Tissue engineering is a
rapidly developing area that requires the use of biodegrad-
able and biocompatible scaffolds as three-dimensional
supports for initial cell attachment and subsequent tissue
organization, formation and growth [2]. Bone substitutes
should possess the following desirable physical and bio-
chemical properties: (1) interconnected porosity, (2) biode-
gradability, (3) bioactivity, (4) osteoconductivity and (5)
osteoinductivity [3,4]; thus, in recent years, attention has
been directed to the development of resorbable and
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osteoinductive biomaterials from calcium phosphates
[5,6-10]. In the case of CaP bioceramics, interconnected
porosity can be engineered to a certain extent [4,11-13] or
can be derived from natural materials of biologic origin
(e.g., corals and bovine bone) [4,14—17].

The most widely used calcium phosphate-based biocera-
mics are hydroxyapatite [HA, Ca;o(PO4)s(OH),] and
B-tricalcium phosphate [B-TCP, Cas(PO,),]. HAp is stable
in body fluid, while TCP is soluble [18]. The in vivo and
in vitro dissolution of calcium phosphate ceramics depends
on the composition and crystallinity of the ceramic and on
the pH of the solution [19-22]. However, many studies
have indicated that the dissolution of HAp in the human
body after implantation is too low to achieve optimal
results. Conversely, the dissolution rate of B-TCP ceramics
is too fast for bone bonding. To achieve an optimum
resorbability of the material, studies have mainly focused
on the biphasic calcium phosphate ceramics composed of
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HA and TCP [23-25]. Several studies have suggested that the
resorbability of biphasic ceramics is largely determined by the
HAp/TCP ratio [26]. However, the particle properties and
porosity influence the dissolution rate and affect the
material-tissue interaction [27]. Therefore, it is necessary to
produce biphasic ceramics with various HAp/TCP ratios in a
simple and systematic way. Furthermore, the mechanisms
controlling dissolution require further investigation.

This study reports the preparation of high porosity
bimodal biphasic calcium phosphate (BCP) ceramics with
different particles of HAp and B-TCP and characterizes the
dissolution behavior of the resulting materials. Therefore,
the investigation of the dissolution mechanisms of calcium
phosphates immersed in simulated body fluid (SBF) solu-
tion provides relevant information about the mechanism of
precipitation of the bone-like calcium phosphate layer.

2. Materials and methods

A commercial HAp (HAp2) powder (Taihei chemical
Co., Ltd) was used as-received and HAp (HApl) and B-
TCP powders were synthesized in the laboratory for the
production of bimodal type porous BCP ceramics. The two
different HAp powders have different particle sizes and
specific surface arecas. HApl and B-TCP composite pow-
ders were synthesized by mechanochemical methods using
calcium hydrogen phosphate di-hydrate (CaHPO,-2H,0)
and calcium carbonate (CaCOs). The details of the powder
synthesis have been described elsewhere [28].

Six different batches of HAp/ B-TCP (BCP) powders
were prepared as follows:

Mixtures of the pure laboratory synthesized HApl and
B-TCP powders at weight ratios of 20/80 HApl/B-TCP
(BCP1-1), 40/60 HAp1/p-TCP (BCP1-2) and 80/20 HAp1/
B-TCP (BCP1-3) were added at 65.0 wt% to water to make
slurries. Mixtures of the commercial pure HAp2 powder
and the pure laboratory-synthesized B-TCP powder were
prepared at weight ratios of 20/80 HAp2/B-TCP (BCP2-1),
40/60 HAp2/B-TCP (BCP2-2) and 80/20 HAp2/B-TCP
(BCP2-3) and added at 65.0 wt% to water to make slurries.
The slurry was mechanically agitated at room temperature
for 2 h. The reacted slurry was then dried in air at 60 °C
for 7 days and heat-treated in air at 750 °C for 8 h to
produce a fine BCP powder. The processing parameters for
each batch are shown in Table 1, which shows different
particle sizes and specific surface areas. The six batches of
powders were used to produce bimodal type porous BCP
ceramics.

A slip was obtained by adding BCP powders to a
solution of 1.5% deflocculant and 0.5 wt% foaming agent.
The optimum value of the minimum viscosity in these BCP
slips with respect to the solid loading and the optimum
amount of the deflocculant were investigated. The speci-
men obtained by casting a 0.5 wt% polyurethane foam
(medium pore size type supplied by Ube Industries Inc.)
into a slip and drying under vacuum at 60 °C was heated at
1150 °C for 3 h. Approximately 0.5g of the obtained

Table 1
Particle sizes and specific surface areas of the HApl, HAp2, B-TCP and
BCP powders.

Powder Particle Specific HAp/ Viscosity Shear pH of

size (um)  surface area B-TCP (mpas) stress slip
(m*/g) (pas)

HApl 0.34 38.01 - - - -

HAp2 2.84 3.81 - - - -

B-TCP 0.70 20.04 - - - -

BCPI- 0.49 28.56 20/80  474.90 4.84 8.57

1

BCP2- 1.06 17.18 20/80  323.93 3.30 8.61

1

BCPI- 0.54 24.46 40/60 42791 4.36 8.46

2

BCP2- 1.4l 14.94 40/60  226.95 2.31 8.27

2

BCP1- 0.44 35.74 80/20  665.86 6.79 8.18

3

BCP2- 2.13 9.11 80/20 277.94 2.83 7.65

3

porous ceramic samples were soaked in 30 ml of simulated
body fluid (SBF) solution at 36.5 °C for 1, 3, 7 and 10
days. Similar to a concentrated form of simulated body
fluid (SBF), by a biomimetic process adapted from the
work of Kokubo et al. [29,30]. A bone-like layer formed on
BCP, which was reported to be poorly crystallized carbo-
nated apatite [31,32], was observed by a scanning electron
microscope (SEM). The porous body was dried and
characterized using SEM, XRD and FT-IR.

The weight changes were calculated by comparing the
dry weight (W) of the sample after immersion for a
predetermined time with the original dry weight (W,) of
the sample according to the equation

Weight change(%) = (W,—W,)/ W, x 100%

The average particle diameter of the synthesized powder
was measured using a centrifugal sedimentation method
with a 0.2% solution of sodium pyrophosphate as a
dispersion medium and using SA-CP3 from the Shimadzu
Co. The specific surface area was measured using the BET
method. The crystal phase of the synthesized powder and
sintered powders were each examined by an X-ray powder
diffraction method using an X-ray diffractometer at 40 KV
and 20 mA with CuKa radiation (wavelength =1.54056 A)
(MAC Science, MXP3). Identification of the phases was
achieved by comparing the diffraction patterns with ICDD
(JCPDS) standards. A fourier transform infrared (FT-IR)
analysis (Jasco, MFT-2000) using KBr was also done. The
densities of the porous BCP bodies were obtained by the
water immersion method based on the Archimedean
principle (the average value of five samples). All densities
were as a percentage of the theoretical density of HAp
of 3.156 g/cm® and TCP of 3.18 g/em®. The Ca®* concen-
tration change of the samples after immersion in a SBF
solution was determined (the average value of three
samples, per porous ceramic samples of approximately
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0.5 g) by ICP (Seiko, ISM7000s). Scanning electron micro-
scopy (SEM) and EDX analysis of the powders and
sintered body were performed using a Hitachi S-3000,
and a Horiba EMAX-2200 X-ray analyzer. The pore size
distribution was measured using mercury intrusion poro-
simetry (AutoPore-9500 of Shimadzu Co.).

3. Results and discussion

3.1. Powder characterization

The ICP-derived Ca/P molar ratios of the HApl, HAp2
and B-TCP powders were 1.67+0.01, 1.67+0.03 and
1.51 +0.01, respectively. XRD analysis showed that HApl,
HAp2 (ICDD 09-0432) and B-TCP (ICDD 09-0169) only
exhibited peaks corresponding to HAp and B-TCP [33]. This
was further evidence that the materials in this study were
single-phase HAp and single-phase B-TCP that did not
decompose to secondary phases on sintering/heating. The
particle size and specific surface areas of the three powders
are listed in Table 1. Fig. 1 shows SEM photos of the HApl,
HAp2 and B-TCP powders. The laboratory-synthesized HAp1
and B-TCP powders exhibited round shapes with nodular
projections. The commercial HAp2 powders were hexagonal
length rods.

The XRD patterns of the BCP powders before exposure
to SBF solution were identified as the BCP phase, as shows
in Fig. 2. The peaks in XRD were sharp, indicating the
high crystalline order of the material. All the apatite peaks
corresponding to ICDD (9-0432 and the B-TCP peaks
corresponding to ICDD (09-0169 were present in the spectrum
and no additional peaks of any other calcium phosphates were
seen. It could be concluded that the whole mass was existing in
double phases. Moreover, the peak height ratio of HAp and -
TCP was dependent of HAp size. This means that the powders
were homogeneously mixed and there was little contamination
during ball milling. This is evidence that the material created in
this study was double-phased on sintering/heating. The
synthesized BCP powders produced a diffraction pattern that
corresponded to a crystalline material, with narrow diffraction
peaks characteristic of a powder that has been heat-treated in
air at 750 °C for 8 h.

The morphologies of the six powders were illustrated
in the SEM micrographs shows in Fig. 3. The BCPI-1
particle was round with nodular projections. BCP1-1 and
BCP2-1 particles were the same, only the BCP2-1 particles
were slightly elongated. The BCP1-2 and BCP2-2
particle shapes are nearly the same, with the exception
that the BCP2-2 particles were slightly thicker. The BCP1-
3 and BCP2-3 particle shapes were significantly different.
Because HAp2 accounts for 80% of BCP2-3, many
different particle shapes are observed in this sample; in
addition, these particles are shorter and thicker than HAp2
particles.

Although the chemical and phase compositions of the
three groups of powders are similar, their characteristics,
including size distribution, surface area and morphology
are quite different. These differences must be due to the
differences in the primary powders of HApl and HAp2.
The particle parameters for each batch are presented in
Table 1.
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Fig. 2. XRD patterns of BCPI-1 and BCP2-1, BCP1-2 and BCP2-2,
BCP1-3 and BCP2-3 powders by heating at 750 °C for 8 h.

Fig. 1. SEM photos of HApl, HAp2 and B-TCP powders.
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Fig. 3. SEM photos of BCP1-1 and BCP2-1, BCP1-2 and BCP2-2, BCP1-3 and BCP2-3 powders by heating at 750 °C for 8 h.

3.2. Slip characterization and foaming

Particle size and powder concentration greatly influence
the rheological behavior of slurries [34]. To obtain a BCP
slurry with a reasonably low viscosity for solid loading,
BCPI1-1, BCP1-2, BCP1-3, BCP2-1, BCP2-2 and BCP2-3
powder concentrations were all 65.0 wt%, with 1.5 wt%
dispersant. The viscosity and shear stress of the six slurries
are showed in Table 1. The viscosity of the slurries containing
65.0 wt% powder showed similar behaviors versus defloccu-
lant concentration. The shear stress of slurries prepared with
BCP1-1, BCP1-2 and BCPI1-3 powders, which have larger
specific surface areas, was larger than that of the BCP2-1,
BCP2-2 and BCP2-3 powders. Similarly, the viscosity of the
slurry prepared with the BCPI1-1, BCPI1-2 and BCPI-3
powders, which have larger specific surface areas, was larger
than that of the BCP2-1, BCP2-2 and BCP2-3 powders,
which have smaller specific surface areas. The optimum solid
loading to achieve the minimum viscosity in the present

BCPI1-1, BCP1-2, BCP1-3, BCP2-1, BCP2-2 and BCP2-3
slips were all 65.0 wt%. The specimen obtained by dipping a
0.5 wt% polyurethane foam into a slip and drying it under
vacuum was heated at 1150 °C for 3 h. The purpose of the
heat-treatment process was to remove volatiles and the
urethane foam to form a porous network.

3.3. Pore structure

For the BCP sintered body obtained by heating at 1150 °C
for 3 h, the foam with 1.5 wt% deflocculant and 0.5 wt%
foaming reagent was dipped in the slips. The numbers of
micropores for the specimens obtained from BCP1-1, BCP1-2
and BCP1-3 were larger than those of samples BCP2-1, BCP2-
2 and BCP2-3, respectively. However, the sizes of the macro-
pores from BCP2-1, BCP2-2 and BCP2-3 were larger than
those for the samples BCP1-1, BCPI-2 and BCPI-3,
respectively. SEM observation reveals that BCP foams
were typically composed of large spherical pores with small
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Fig. 4. SEM photos of BCP1-1, BCP2-1, BCP1-2, BCP2-2, BCP1-3 and BCP2-3 porous body by heating at 1150 °C for 3 h.

interconnecting rectangular pores, as shows in Fig. 4. The
large spherical pore size is approximately 300 um. A large
number of small pores were observed distributed around
the walls of the large spherical pores, generally in the size
range of 0.1-10 um. These pores appear to be highly
interconnected, as confirmed by mercury porosimetry, as
shows in Fig. 5. A large number of small pores in the size
range of several um or smaller were observed in the
specimen obtained from the BCP sintered body obtained
by heating at 1150 °C for 3 h (the foam was dipped in the
BCP slip with 1.5wt% of deflocculant and 0.5 wt%
of foaming reagent), and these small pores could have formed
due to the addition of the surfactant. Table 2 presents the
particle parameters for the six different bimodal BCP porous
ceramic sintered bodies.

3.4. Dissolution properties

Table 2 presents the characteristics of the six different
types of BCP ceramic sintered bodies. Fig. 6 shows the
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Fig. 5. Pore size distribution of bimodal porous BCP ceramics scaffolds
prepared heated at 1150 °C for 3 h.

Ca’" concentration in the SBF solution as a function of
immersion time for the sintered body samples of BCP1-1
and BCP2-1, BCP1-2 and BCP2-2, and BCPI-3 and
BCP2-3. Note that the increases in Ca®* concentra-
tion in supersaturation were greater for BCP1-1 than for
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Table 2
Characteristics of the six kind different bimodal BCP porous ceramics
sintered body.

Powder HAp/B-TCP Porosity (%) Relative density (%)
BCP1-1 20/80 59.03 31.07
BCP2-1 20/80 61.46 28.65
BCP1-2 40/60 61.72 29.72
BCP2-2 40/60 70.46 21.42
BCP1-3 80/20 56.70 34.77
BCP2-3 80/20 77.38 11.05
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Fig. 6. The Ca®™ concentration change of the samples after immersion in
a SBF solution as a function of soaking time.

BCP2-1, for BCP2-2 than for BCPI1-2, and for BCP2-3
than for BCP1-3.

For the BCP1-1 and BCP2-1 sintered bodies from
Fig. 6(a), during the first step (0—1 days), an increase in
Ca’t concentration was observed, indicating that the
dissolution of BCP may have surpassed the new phase
formation. The new phase deposited on the BCP surface
was apatite. This result was proved by SEM, XRD
patterns and FT-IR spectrum, as shown in Figs. 7-10
Note that the increase in Ca’™ concentration in super-
saturation for BCP1-1 sintered body is greater than that

for BCP2-1 sintered body. The new phase formed more
rapidly on the surface of the BCP1-1 sintered body than on
the surface of the BCP2-1 sintered body. The ion uptake
takes place after this initial dissolution. It is apparent in
Fig. 6(a) that the rates of precipitation during the first step
(0—1 days) were in the order of BCP1-1 > BCP2-1. During
the second step (1-3 days), a decrease in Ca®>" concentra-
tion was measured, indicating that formation of the new
phase on the surface of the BCP1-1 and BCP2-1 ceramics
may have surpassed dissolution. The new phase formation
occurs more rapidly for BCP1-1 than for BCP2-1. During
the third step (3—7 days), these samples exhibit different
dissolution behavior. BCPI-1 continued to form the new
phase, while BCP2-1 changed to dissolution. During the
fourth step (7-10 days), BCP2-1 changed to form a new
phase. For BCP1-1, the curve become flat. The two
dissolution processes tend towards a kinetic equilibrium.

The dissolution behaviors of the BCP1-2 and BCP2-2
sintered bodies reported in Fig. 6(b) are different during
the first step (0—1 days). BCP1-2 exhibited a rapid reduc-
tion in Ca®™ concentration in supersaturation, followed by
a slow increase in Ca®* concentration in supersaturation.
Three days later the curve became more stable, with the
dissolution processes tending towards a Kkinetic equili-
brium. The dissolution behavior of BCP2-2 was similar
to that of BCP1-1. The only difference was the Ca’*
concentrations in supersaturation. For BCP2-2, after 7
days the precipitation rate of the new phosphate increases,
equilibrating the Ca** dissolution.

The BCP1-3 and BCP2-3 sintered bodies from Fig. 6(c)
exhibited significantly different dissolution behaviors dur-
ing the entire process. For BCP1-3, during the first step
(0-1 days), a rapid reduction in Ca>* concentration occurred
in supersaturation. The dissolution processes tend toward a
kinetic equilibrium one day later. Then, the Ca>" concentra-
tion in supersaturation slowly decreases 7 days later. BCP2-3
showed a rapid increase in Ca®>* concentration during the first
step (0—1 days), indicating that dissolution of BCP may have
surpassed the new phase formation. Then, the Ca®* concen-
tration in supersaturation rapidly decreased, followed by a
slow increase over the course of days 1-7. The new phase
(apatite) deposited on the BCP1-3 and BCP2-3 surface was
less than BCP1-1, BCP1-2, BCP2-1 and BCP2-2, as shown in
Figs. 7 and 8.

The dissolution properties of the six different types of
BCP ceramic sintered bodies soaked in SBF solution at
36.5°C for 1, 3, 7 and 10 days were significantly different.
The results demonstrate that the dissolution behavior was
highly dependent on the composition, surface properties
and scaffold construction. The result was correspondent
with the SEM photograph. The new phase (apatite)
deposited on the BCP surface are shown in Figs. 7 and 8.

Based on the above results, the micropores appear to
exert the greatest influence on dissolution. For example,
differences in microporosity could account for differences
in the dissolution behaviors of BCPI1-1 and BCP2-1
sintered bodies, which had nearly identical composition
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Fig. 7. SEM photograph showing the surface morphology of the BCP1-1, BCP1-2, BCP1-3, BCP2-1, BCP2-2 and BCP2-3 sintered body in SBF solution

for 1 day.

and porosity. When porosity and composition are varied,
porosity appears to have a greater influence on dissolution.

3.5. Morphology of the reacted surface

Figs. 7 and 8 present the surfaces of the BCP1-1 and
BCP2-1, BCPI1-2 and BCP2-2, and BCP1-3 and BCP2-3
sintered bodies after immersion in SBF solution for 1 day
and one week, respectively. These images demonstrate clear
differences in the morphologies of these surfaces. The apatite
on BCP surface immersed in SBF solution for 1 day are small
in amount and minute in form than 7 days. For the 7 days
BCP samples, the BCP1-1, BCP2-1, BCP1-2 and BCP2-2
sintered bodies were fully converted to spherulitic shapes with
an average diameter of 1.0-5.0 um. The surfaces of the

spherulites exhibit fine, needle-like structures. For the
BCP1-3 and BCP2-3 sintered bodies after one week of
immersion in SBF solution, a layer of precipitation was
observed under high magnification, which was shown to be
an amorphous or poorly crystallized new phase.

Based on the above results, the in vitro behavior of BCP
sintered bodies was strongly affected by their composition,
particle size, crystal structure, surface properties, porosity
and scaffold construction.

The BCP1-1 versus BCP2-1 and BCP1-2 versus BCP2-2
sintered bodies have the same respective compositions,
with BCP1-1 and BCP2-1 consisting of 20/80 HAp/B-TCP
and BCP1-2 and BCP 2-2 consisting of 40/60 HAp/B-TCP.
The B-TCP phase was the main component for each of
these samples. The dissolution rate of B-TCP ceramics was
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Fig. 8. SEM photograph showing the surface morphology of the BCP1-1, BCP1-2, BCP1-3, BCP2-1, BCP2-2 and BCP2-3 sintered body in SBF solution
for one week.
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Fig. 9. XRD patterns of BCP1-1 porous body soaked in SBF various time periods. (a) 0 day and (b) 7 days.
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Fig. 10. FT-IR spectrum of BCPI-1 porous body soaked in SBF various time periods. (a) 0 day and (b) 7 days. Characteristic bands of HAp (571, 603,
632, 962, 1050, 1089 cm ') and the bands of B-TCP (972 cm ') can be observed.

faster than that of HAp ceramics. The BCP1-1, BCP2-1,
BCP1-2 and BCP2-2 sintered bodies all formed needle
shapes on the surface because these surfaces dissolved
easily. The needles on the BCP1-1 and BCP2-1 ceramic
surfaces were thicker than those on the BCP1-2 and BCP2-
2 ceramics. These differences could result from the greater
B-TCP content in BCP1-1 and BCP2-1 ceramics compared
with BCP1-2 and BCP2-2 ceramics.

The BCP1-3 and BCP2-3 sintered bodes consisted of 80/
20 HAp/B-TCP, with the HAp phase representing the
major component of these samples. The dissolution rate
of HAp ceramics was slower than that of B-TCP ceramics.
BCPI1-3 and BCP2-3 ceramics exhibited slow dissolution
indicating that Ca?™ precipitation may have surpassed the
new phase formation. A layer of precipitation was observed
under high magnification and was shown to be an amorphous
or poorly crystallized new phase on the surface of BCP1-3 and
BCP2-3 sintered bodes.

3.6. The precipitated phase

The BCPI1-1 porous body soaked in SBF with various
time periods (i.e., the dried precipitate) had been subjected
to phase and composition analysis (BCP1-1 porous body
as a representative, the other basically consistent). The
diffractogram is shown in Fig. 9 and the FT-IR spectrum
in the wave number range 4000-500 cm ™' is shown in
Fig. 10. Comparing the XRD patterns (Fig. 9a and b) of
soaked in SBF with various time periods, it was seen that
the new phases (apatite) form when BCP1-1 soaked in SBF
for 7 days. And that B-TCP peak was decreased intensity.
It was shown the B-TCP had a dissolving.

The FT-IR spectrum (Fig. 10a and b) contains the
characteristic peaks due to OH™ group of apatite, around
3571 cm ™' and 632cm ™. The triply degenerated asym-
metric stretching modes at 1089 cm ~' and 1050 cm ' are

the P-O bonds. The triply degenerated bending mode at
571 em !, 603 cm ! and 962 cm ! are the O-P—O bonds.
It is to be noted that typical HPO;~ peaks (at 1145 cm ',
1074 cm ™', and 1022 cm™") in crystalline HAp are either
not resolved or missing in the spectrum [35,36]. This
means, the phosphate in the material is not well organized
as crystal to form HPO3 ™ in the lattice. Comparing the
curve of Fig. 10(a) and (b), the curve (b) of soaked in SBF
for 7 days, it is characteristic band of HAp (571, 603, 632,
962, 1050, 1089 cm ') are stronger than the curve (a) of
non soaked in SBF. However, the band of B-TCP
(972 cm ™ ") at Fig. 10(b) is missing. It means, the B-TCP
on the surface of BCP porous body soaked in SBF for 7
days is dissolved, and the new HAp is formed on the
surface of BCP porous body soaked in SBF for 7 days.

3.7. Weight changes

Fig. 11 shows the weight changes of the samples after
immersion in SBF solution. Samples of the BCP1-2, BCP2-
2 and BCP1-3 sintered bodies have an obvious tendency to
increase in weight during the entire process. In contrast,
samples BCPI-1, BCP 2-1 and BCP2-3 only significantly
decrease in weight after 7 days. The weight changes of six
types of samples were significantly different. Samples
BCP1-1 and BCP 2-1 had the same porosity and composi-
tion but different initial particles (HApl versus HAp2, as
shows in Table 1). The particle size of HApl was smaller
and the BCP1-1 body was easily sintered, so it contained
fewer micropores. Therefore, new phase formation on the
surface of the BCPI-1 ceramics may have surpassed
dissolution. The BCP2-1 sample was made from HAp2,
which had a larger particle size, and the BCP2-1 body was
difficult to sinter, leading to a high number of micropores
in BCP2-1. Therefore, during the initial dissolution stage
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Fig. 11. The weight change of the samples after immersion in a SBF solution as a function of soaking time.

the dissolution on the surface of the BCP1-1 ceramics may
have surpassed the new phase formation.

Fig. 11(a) shows that the weight increase on the surface
of the BCPI1-1 sintered body was larger than that of the
BCP2-1 sintered body. When a new dissolution equili-
brium was achieved, the change in weight tends to
decrease, resulting in consistent dissolution properties.

The samples of BCP1-2 versus BCP2-2 or BCP1-3 versus
BCP2-3 sintered bodies had the same composition but
were prepared from different initial particles (HApl versus
HAp2), resulting in significant differences in porosity,
scaffold construction and weight change. The weight
increases on the surfaces of BCP2-2 and BCP2-3 were
larger than those on BCP1-2 and BCP1-3. This is consistent

with the porosities of these samples, with BCP2-2 and BCP2-
3 exhibiting greater porosities than BCP1-2 and BCP1-3.
These results indicate that dissolution behavior was highly
dependent on the porosity. Surfaces with greater porosities
were expected to exhibit more precipitation than less porous
surfaces. It is apparent in Fig. 11(b) and (c) that the rates of
precipitation were in the order BCP2-3 > BCP2-2 > BCP1-
2 > BCP1-3, consistent with the rank order of porosity. It is
apparent in Table 2 that the rates of porosity were in the
order BCP2-3 (77.38%) > BCP2-2 (70.46%) > BCP1-2
(61.72%) > BCP1-3 (56.70%).

The above results (such as the results of the BCP2-2
and BCP2-3 sintered bodies, which had porosities above
70%) suggest that highly porous samples exhibit rapid
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dissolution during the initial stage and also more surface
precipitation.

4. Summary

High porosity bimodal porous BCP ceramics were
prepared from three powders by sintering at 1150 °C for
3h. The ability of the sintered body to promote the
precipitation of new calcium phases after soaking in SBF
solution is directly related to its composition. This study
showed that resorbability decreases with increasing HAp,
with the rate of the reaction in proportion to the B-TCP
content. Compositions with high B-TCP content can easily
generate a new phase, and the resulting BCP1-1, BCP2-1,
BCP1-2 and BCP2-2 bimodal porous ceramics showed
high resorbability. The dissolution results confirmed that
the biodegradation of calcium phosphate ceramics could
be controlled by simply adjusting the amount of HAp or
B-TCP in the bimodal porous BCP ceramics. The informa-
tion gained from this research will provide a useful plat-
form for further study.
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