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Abstract

Biphasic calcium phosphate (BCP) was fabricated through hot pressing process from hydroxyapatite (HA)
starting powder synthesized by a peroxide-based precipitation method and dried at 250 °C. The synthesized
HA powder contained some calcium hydrogen phosphate (CHP) as a minor phase. In this work, the dense
BCP ceramics with a mixture of HA and B-TCP phases were successfully obtained by hot pressing at tempera-
ture ranging from 700—1100 °C. The amount of HA phase in the hot pressed samples decreased with increasing
sintering temperature from 700 to 900 °C, while the amount of B-TCP exhibited an opposite trend. The relations
between the microstructure and mechanical properties of the dense BCP ceramics sintered in the temperature
range 700—1100 °C were investigated. The sample hot pressed at 800 °C has a dense structure with the highest
hardness (4.86 + 0.19 GPa) and the lowest fracture toughness (0.80 + 0.01 MPa-m'?). In addition, biocompat-
ibility of apatite layer formed after immersion in simulated body fluid (SBF) for 14 days can be observed by
SEM images. The results revealed that the samples hot-pressed at 800 and 900 °C were covered by calcium
phosphate (CaP) crystal layer indicating the strong interaction of BCP ceramics and SBF.
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I. Introduction ing sintering at 1120 °C, the B-TCP is the stable phase
) ) ) . [5]. Furthermore, the phase transformation of a-TCP
Biphasic calcium phosphate (BCP) is generally com- s expected upon heating from sintering temperatures
posed of non-resorbable hydroxyapatite (HA) and re-  joher than 1120 °C. The solubility and biodegradation
sorbable tricalcium phosphate (ﬂ—TCP) [1]ormixtureof  ..co ¢ . TCP are much higher than those of B-TCP [6].
@-TCP and S-TCP [2]. BCP ceramics show great poten-  pepy ] stability and phase transformations of HA to
tial for bone tissue engineering applications because of B-TCP and 8-TCP to 8-TCP as well as the phase transi-
their excellent biocompatibility, bioactivity and osteo- ;o temperatures depend on stoichiometry and synthe-
conductivity [3]. Ordinal scale in extent of reabsorption ¢ method of hydroxyapatite [7]. The Ca®* and PO43’
of calcium Phosphate (CaP) in different phases is: amor- ;¢ o the B-TCP would be helpful in accelerating the
phous calcium phosphate (ACP) > @-TCP > S-TCP > oy pone formation. HA is non-resorbable and it ex-
HA [4]. The thermal decomposition of HA t(: B-TCP  yibits slow osteoconduction in vivo [8]. The extent of
occurs at sintering temperatures as low as 850 °C. Dur- reabsorption of BCP depends on the S-TCP/HA ratio;
the higher the ratio, the higher the extent of reabsorp-
tion [9]. BCP with the 8-TCP/HA ratio of 0.667 can
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reabsorb more than 50%, which is equivalent to bone
ingrowth after 1-2 years of implantation [10].

Nanostructured ceramics can be fabricated by com-
pacting nanopowders at high temperatures and pres-
sures where sintering time and atmosphere can be var-
ied. Pressure assisted methods, such as hot pressing, are
also applied to obtain nanostructured HA ceramics [11].
Hot pressing processes can decrease the temperature of
the onset of densification and suppress the grain growth,
resulting in higher final density. This leads to fine mi-
crostructures, higher thermal stability and subsequently
better mechanical properties of calcium orthophosphate
[12]. This technique is generally used to process HA ce-
ramics with a controlled microstructure.

Recently, many researchers have synthesized the
biphasic calcium phosphate by various techniques, such
as a mechanical blending of the desired amounts of
HA and gB-TCP, hydrothermal method, vacuum-assisted
foaming as well as several other approaches [12-14].
In this work, the investigation of BCP synthesized by
hot pressing process with the HA powder prepared us-
ing a peroxide-based route (PBR) was conducted [13—
15]. Biomineralization of apatite layer after immersion
in simulated body fluid (SBF) was observed. The rela-
tionship between microstructure and properties was also
discussed.

II. Material and methods

2.1. Hydroxyapatite powder synthesis

The hydroxyapatite powders were synthesized us-
ing a peroxide based route as reported in our pre-
vious papers [13,14]. In brief, the HA powders
were synthesized using calcium nitrate tetrahydrate
(Ca(NOs;), -4 H,0, Sigma Aldrich), hydrogen peroxide
(Merck), ortho-phosphoric acid (RCL Labscan) and am-
monium hydroxide (J.T. Baker) as starting chemicals.
Ca(NO;), -4 H,0 was dissolved in 5% v/v H,O, and
H,;PO, was then slowly added dropwise into the so-
lution in stoichiometric amount with continuous stir-
ring. The pH of the solution was adjusted to pH = 9
by NH,OH solution and the mixture was stirred con-
tinuously for 30 min at ambient temperature. The white
calcium phosphate compounds were filtered and washed
with distilled water for several times. The synthesized
HA powders were dried at 250 °C for 12h and dry ball
milled using the equal amount of balls with diameters
of 10, 15 and 20 mm. The ratio of the milling media to
HA powder was 3 : 1 by volume and the milling time
was 15 min.

2.2. Biphasic calcium phosphate fabrication

The prepared HA powder was placed into a graphite
mould (diameter of 12mm) and hot-pressed at vari-
ous temperatures, i.e. 700, 800, 900 and 1100°C (to
obtain samples with notation HA700, HA800, HA900
and HA1100, respectively) for 2h under a pressure of
25 MPa in air. Hot-press system consisted of heating and
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pressing parts. The heating system of the furnace con-
sisted of a heating coil and a hydraulic press was used to
apply uniaxial pressure. The temperature control system
was installed to ensure that the correct temperature was
obtained. The heating rate was 10 °C/min and the sam-
ples were cooled naturally in the hot-press chamber.

2.3. Characterization

The density, water absorption and porosity were mea-
sured by the Archimedes’ method, using distilled water
as the immersion media.

The hardness of the sintered samples was measured
by Vickers indentation by first preparing a high qual-
ity, smoothly polished surface with no pre-cracking. The
polished specimens were then indented by a Vickers
pyramidal microhardness indenter. The Vickers hard-
ness of the sample at top surface was determined
(STARTECH SMV-1000) using load of 0.98 N applied
for 10s and 10 measurements were performed for each
sample.

Fracture toughness was calculated by indentation us-
ing the equation:

172
Kic = 0.016(%) % (1)
where P is the load, C is the crack length from the centre
of the indent to the crack tip, E is the Young’s modulus
(80 GPa for HA) and HV is the Vickers hardness.

The synthesized powders and sintered samples were
analysed by XRD using a Rigaku Mini Flex II X-ray
diffractometer with a Cu K wavelength of 1.5418A.
Measuring was carried out from 20 to 50° (26) with
0.01°/step. The peaks obtained for all samples were
compared to standard reference JCPDS files.

The simulated body fluid (SBF), a solution with
an ionic concentration close to human blood plasma,
was prepared following to the Kokubo’s protocol
[16]. The dense HA ceramics were immersed in
SBF for 14 days at 36.5°C and pH = 7.4 (adjusted
with tris(hydroxymethylaminomethane) and hydrochlo-
ric acid). After immersion, the dense HA ceramics were
rinsed with distilled water and dried in air. Free-surface
and cross section of samples were observed by SEM.

SEM microscope (JEOL JSM-IT300LV) was used
to characterize the morphology of the powder, HA ce-
ramics and samples after SBF soaking and energy-
dispersive spectroscopy (EDS Oxford Instruments
INCAXx-sight Elemental Detector) to determine elemen-
tal composition. The HA powder samples were loaded
directly into the SEM holder using graphite tape and
were covered with gold in a sputtering device. To pre-
pare the cross-section samples, the HA ceramics were
first cut and then mounted on resin before polishing. The
sintered samples were ground with SiC sand paper, and
then polished with a diamond suspension and afterwards
gold coated. The ratio of calcium to phosphorus (Ca/P)
in the coatings was measured using an energy dispersive
spectroscopy.
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Figure 1. SEM image of the HA powder: a) before and b) after milling

Thermogravimetric analyses were useful to deter-
mine the weight loss during the thermal treatment at
high temperature. TGA/DSC system (TGA/DSC1 Met-
ter Toledo Beaumont Leys, UK) was used to determine
the reference temperature (7,) and the sample tempera-
ture (75) by heating the dried HA powders from room
temperature to 1200 °C at a heating rate of 10 °C/min in
alumina crucibles.

II1I. Results and discussion

The morphology of the HA powder synthesized by
chemical precipitation method is represented in Fig. 1.
Figure 1a shows the morphology of the synthesized HA
powder before milling. It can be seen that the un-milled
HA powder has needle-like particles with particle size
of ~50 nm (width) x 100 nm (length). The reduction of
the particle size compared to the conventional chemical
route was due to the fact that the hydrogen peroxide acts
as a chelating agent, leading to a growth inhibition [13].
After milling, the HA powder has nanoscale structure
(~50 nm) but no characteristic needle-like morphology,
as shown in Fig. 1b. The amounts of Ca and P in the HA
powders, determined by EDS, are 23.84 and 12.71 at.%,
respectively giving a Ca/P molar ratio of 1.88.

XRD pattern of the HA powder is shown in Fig. 2.
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Figure 2. XRD pattern of the HA powder
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It corresponded to that of pure hydroxyapatite (HA)
phase, Ca,,(PO,),(OH), (JCPDS 09-0432), as the main
phase and a trace of the second phase corresponded to
calcium hydrogen phosphate (CHP) (JCPDS 003-0423).
This is in agreement with the EDS results which re-
vealed the high Ca/P molar ratio (1.88) of the powder
sample. The Ca/P of the pure HA is 1.67, hence this
higher Ca/P ratio implied the presence of another com-
ponent, which is calcium hydrogen phosphate (CHP).
The presence of CHP as a minor phase was confirmed
by XRD data (Fig. 2). It has been reported that CHP can
be generated during the drying process with temperature
lower than transition point (400 °C) [7].

Amounts of crystalline phases (HA and calcium hy-
drogen phosphate) in the powder was determined by the
reference intensity ratio (RIR) technique [18-20]. Vol-
ume fraction of HA can be determined by the following

formula:

Tra

HA 2)

Iya + Icup
where Iy, and Icyp refer to the relative intensity of the
most intense peak of HA and CHP phases, respectively.
According to the XRD results presented in Fig. 2, the
volume fractions of HA and CHP in the powder, calcu-
lated by Eq. 2, are about 89.4% and 10.6%, respectively.

Thermal analysis (TGA/DSC) was carried out to in-
vestigate the thermal stability of the synthesized HA
powder. After heating the HA powder in chamber from
30 to 1200°C, the result revealed that three peaks
on the TGA/DSC graph, determining endothermic and
exothermic reactions, can be seen (Fig. 3). These corre-
spond to the degradation of organic material occurring
between 270 and 280 °C (in agreement with Moussa et
al. [21]) and decarbonation between 440 and 490 °C (re-
ported by Park et al. [22]). This decarbonation process
is related to the carbon decomposition [23]. These car-
bonate ions were formed as a result of CO, being ab-
sorbed by the calcium phosphate [22,24]. The HA was
dehydroxylated and transformed to oxyhydroxyapatite
(OHA) at 760-810°C [9] by completely reversible re-
action in accordance with the following equation [25]:



K. Kulpetchdara et al. / Processing and Application of Ceramics 13 [3] (2019) 300-309

[%]
100 ~

400 500 600 700 800

Temperature (°C)

900 1000 1100 1200

Figure 3. TGA/DSC result of the HA powder: [1] the
degradation of organic material, [2] decarbonation, [3] HA
dehydroxylated and transformed to oxyhydroxyapatite, and

[4] phase transition of HA to 8-TCP

Ca;(PO,)4(OH), — Ca,((PO,)6(OH),_,, 0, +xH,0,,

The decomposition of HA to S-TCP occurs from 970
to 1090 °C [26]. The dehydroxylation of HA would par-
tially form dehydroxylated (OHA) or completely dehy-
droxylated oxyhydroxyapatite (OA) and phase transi-
tion of HA to B-TCP and TTCP can occur, which can
be written as [25]:

Ca,((PO,)s(OH), — ,Ca3(PO,), + Ca,P,04 + H,O(,

In general, temperature required for the pure HA
phase formation is approximately 400-700°C [14,27-
31]. In the present work, the dried HA powders at tem-
perature of 250 °C was chosen as a starting material for
hot pressing, which is slightly lower than that reported.
This may be useful in terms of energy saving, less time
consuming and lower production cost to fabricate the
HA powder.

peaks of S-TCP can also be seen in the sintered sam-
ples (e.g. 1010 at 26 of 25.8°, 0210 at 26 of 31.02°, 132
at 20 of 24.09° and 043 at 26 of 34.18°). On the other
hand, the peaks of HA became narrower after sintering
(e.g. 210 at 26 of 28.96° and 202 at 26 of 34.05°) which
means that HA had a larger grain size.

The volume faction of HA can be determined via the
following formula:

Tra

HA 3)

" Iya + Ig_rcp + Lo—rcp

where Iya, Ig_rcp and I,_rcp refer to the relative in-
tensity of the most intense peaks of HA, 5-TCP and a-
TCP phases, respectively [20]. According to the results
presented in Fig. 4, the volume fractions of HA, 5-TCP
and a-TCP were calculated by Eq. 3 and shown in Ta-
ble 1. The amount of HA phase decreases with increas-
ing sintering temperature while the amount of S-TCP
has an opposite trend. Furthermore, the XRD patterns
of the HA700, HA800 and HA900 show that 8-TCP is
still maintained as the major phase, and HA is the mi-
nor phase. This result is attributed to the fact that the
HA powder contains CHP as a minor phase [31]. More-
over, the XRD pattern of the sintered HA1100 sam-
ple (Fig. 4) reveals a-TCP as the major phase with -
TCP as secondary phase and HA is the minor phase.
Some researchers have reported that decomposition into
third phase proceeded above 1200°C [32,33] while
some reported decomposition occurred when sintered at
1150°C [34].

Table 1. The volume percentage of the HA, 8-TCP and
a@-TCP in the ceramics

Figure 4 presents the results of the XRD analysis of Sample HA[%] B-TCP[%] a-TCP [%]
the HA samples obtained by hot pressing. Considering HA700 18.95 81.05 0
the XRD pattern of the HA1100 sample, it can be seen HAB800 16.51 83.49 0
that HA (JCPDS 09-0432), 8-TCP (JCPDS 09-0169) HA900 — 15.42 84.58 0
and @-TCP (JCPDS 09-0348) are present. Some XRD HA1100  18.81 33.76 4743
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Figure 4. XRD patterns of the HA samples at various sintering temperature
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Figure 5. SEM micrographs of fracture surface of (a) HA700, (b) HA800, (c) HA900 and (d) HA1100

As shown in Fig. 3 and confirmed by XRD results
presented in Fig. 4, BCP formation starts at above
700 °C. Normally, HA decomposes to S-TCP phase at
950°C, and B-TCP decomposes to a-TCP at 1150°C
[2]. Hot pressing technique provides an additional driv-
ing force (pressure) to promote densification and pre-
vents grain growth by decreasing sintering temperature
and time [35].

The effect of hot pressing temperature on the mi-
crostructure of the HA samples is observed in SEM
images shown in Fig. 5. When the HA powder was
hot pressed at temperatures higher than 800 °C, dense
HA ceramics with smaller grain size can be obtained.
The grain size of the sintered HA1100 sample (approx-
imately 1 wm, Fig. 5d) is bigger than the other samples
(which have grain sizes of 200-500 nm, Figs. 5a-c). On
the other hand, the sample HA900 exhibited a bimodal
grain size distribution with the presence of some indi-
vidual large grains, ranging between 500 and 900 nm as
shown in Fig. 5c. The sintered samples HA800, HA900
and HA1100 were translucent, as can be seen in in-
sets of Fig. 5. They reached nearly full density be-
cause high translucency requires pore-free microstruc-
ture [11,12,36]. All the samples exhibited increasing
grain size trend with increasing sintering temperature.
The crystallinity of the HA and S-TCP depends on the
sintering temperature: the higher the sintering tempera-

ture, the higher the crystallinity [35].

In general, hot pressing technique is helpful for sup-
pressing grain boundary migration and reducing grain
boundary diffusion rate, resulting in high densification
of BCP [18]. The physical properties of the HA samples
are shown in Table 2. The values of apparent porosity
(AP) and bulk density (BD) of the samples HA800 and
HA900 were consistent with SEM results. The physical
properties of the HA samples affected the microhard-
ness. The Vickers hardness (HV) values of the HA800,
HA900 and HA1100 are higher than that for the sam-
ple HA700 because of higher density. The AP and HV
values of the HA700 (Table 2) confirm that the sam-
ple is still not fully sintered. This phenomenon is due
to the fact that the ions do not obtain sufficient en-
ergy at 700 °C for their rearrangement in the lattice and
complete crystallization of HA. These results show that
700°C as sintering temperature is not high enough to
provide the driving force for full densification. Below
that critical temperature the grain boundary diffusion, as
the dominant mechanism for the sintering of nanopow-
ders in the final sintering stage, seems to be exhausted,
so that the full density cannot be obtained. From data
presented in Table 2, it is obvious that a decrease in AP
results in an increase in HV with temperature increase
to 800 °C. The reduction of densification in the HA ce-
ramics causes slower grain growth and an average grain

Table 2. The values of apparent porosity and bulk density of the HA samples

HA700 HAS800 HA900 HA1100
Apparent porosity, AP [%] 6.42 0.08 0.11 0.32
Water absorption, WA [%] 2.2766 0.0257 0.0347 0.1104
Bulk density, BD [g/cm?] 2.82 3.08 3.07 2.93

Vickers hardness, HV [GPa]
Fracture toughness [MPa-m'/?]

3.02+039 486+0.19 477+022 475+0.22
1.25+0.04 0.80+0.01

097+0.05 1.16+0.11
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Figure 7. SEM images of fracture surface of the ceramics after soaking in SBF: a) HA700, b) HA800, ¢c) HA900 and d) HA1100
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size over 0.4 um is obtained [37]. The mean HV value
of the HA800 (4.86 + 0.19 GPa) is considerably higher
than for the conventionally sintered samples (1.98 GPa)
at lower temperature [38].

Figure 6 shows the SEM images of cross sections of
the HA samples after soaking in SBF for 7 days. It can
be clearly seen that no formation of calcium phosphate
(CaP) layer was observed on the surface of the HA700
(Fig. 6a) whereas the HA800 and HA900 (Figs. 6b and
6¢) were covered with a higher amount of CaP crys-
tals. The layer thicknesses of the samples HA800 and
HA900 are ~5 um and ~0.9 pm, respectively. However,
the HA1100 sample was covered only with a thin layer
of CaP crystals (~0.2 wm) as shown in Fig. 6d. The com-
position of HA/TCP corresponding to 20/80 occurred at
the fastest rate in vivo over the other formulations of the
more stable 100% HA, and the fully degradable, 100%
TCP [1,8].

Figure 7 shows SEM images of fracture surface of the
samples after soaking in SBF for 14 days. Faceted frac-
ture surface in the HA700 sample (Fig. 7a) without any
layer was observed. However, the HA800 and HA900
samples (Figs. 7b and 7c) were covered with a higher
amount of CaP crystals. This indicated that the BCP ce-
ramics interacted strongly with the SBF. The reabsorp-
tion behaviour was highly dependent on the S-TCP/HA
ratio, the higher S-TCP/HA ratio, the greater reabsorp-
tion and surface properties appear to exert the greatest
influence on reabsorption [38]. Figure 7d shows a thin
CaP layer partially covering on the surface because the
reabsorption was less pronounced (lower S-TCP/HA ra-
tio).

Comparison of the properties of HA ceramics ob-
tained in this work with those obtained by various sin-
tering techniques is shown in Table 3. It should be noted
that HV value (HV ~ 4.86 GPa) for the HA800 pro-

Table 3. Average grain size D, Vickers hardness HV, bulk density BD, relative density RD and fracture toughness K¢ of the
fabricated hot pressed HA ceramics compared with other literature data

Characteristics/properties

Preparation

Sintering conditions (supplier) Composition D HV  BD[gem™] K¢ Ref.
PP Ca/P ratio [wm] [GPa] (RD [%]) [MPa-m'?]
HP 1250 °C/30 min, argon, Commercial powder HA
20 MPa, 15 °C/min (Bioland, France) 1.67 0.4 - (99.3) 12 [39]
HP 1100 °C/30 min, argon, Wet precipitation™, 98HA/28-TCP
20 MPa, 20 °C/min filtration 1663 0602 - 999)  1.0+0.1 [37]
HP 950°C/1 h, argon, ~ Wet precipitation™, HA
SO MPy Soray- drying L6 0.38 43 189(60) 152 [11]
HP 1000 °C/1 h, vacuum, Commercial HA and
40 MPa hexagonal BN HA/BN/TCP 0.7 6.5 (99) - [40]
HP 1320°C/1 h, nitrogen, Wet precipitation™, HA/A1,O;/some
20 MPa filtration glass phases >S5+ 1.9 ) 280 +0.10 [41]
Pressureless sintering, ~ Wet precipitation™™, HA
1150°C/2 h, air, 2 °C/min filtration 1.67 - 7.24 99) 122 [42]
Pressureless sintering, ~ Wet precipitation™™, HA
1300°C/2 h, air, 2 °C/min filtration 1.67 ~2.0 43 ©8) 09 [43]
Conventional sintering, ~ Wet precipitation™™, HA
1400°C/2 h, air, 2 °C/min filtration N/A -5 - 99 06£001 [44]
HIP sintering, 1100°C/1h, Wet precipitation™,
160 MPa Ar/O,, 5 °C/min filtration 8O0HA/206-TCP  0.73 5.7 (98) 0.92 [45]
Two step sintering, Wet precipitation™, 3.07 £ 0.02
1100/1050°C/20h, 5°C/min filtration HAB-TCP 0375 49£009 = g7 7y 1.11+0.04 [46]
) o Commercial HA HA/TCP 2.52 (89)
Conjemlona} Sintering — powders, TiO, and  HA/ALO, 421 (90) [47]
1400°C/2h, air, 5°C/min A} O, nanopowders HA/R&A-TIO, 5.12 93)
Conventional sintering, Cockle shells 3.02
1400 °C/2 h, air, 5 °C/min Eggshells ~ OHA/2F-TCP 1415 5.5 (96) [48]
Conventional sintering, ~ Wet precipitation™™, 3.10
1200°C/2 h, air, 5 °C/min filtration HA/TCP 0.9 367 (98.22) [14]
HP 1200°C/30 min, argon, g 4 bone HA ~2 49+02 3.08+0.02 05+0.1 [49]
25 MPa
HP 800 °C/2 h, air, Wet precipitation™™, 20HA/808-TCP 3.08 This
25MPa filtration 1.39 0.5 486019 9759  NA  york

N/A - data not available; CIP - cold isostatic pressing; ™M - laboratory made
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Table 4. EDS result of the HA ceramic samples

HA700 HA700SBF HA800 HAS800SBF HA900 HA900SBF HAI1100SBF

Element
OK 60.68 63.96 54.96
PK 16.57 15.23 18.85
CaK 22.75 20.81 26.19
Ca/P 1.37 1.37 1.39

65.31 67.23 65.42 47.75
14.72 14.27 14.83 20.22
19.97 18.49 19.75 32.04
1.36 1.30 1.33 1.58

duced by hot press technique in the present work was
slightly higher than that reported in the literature and
fabricated under similar conditions (by hot pressing at
sintering temperature of 800-950°C and pressure of
20MPa). The results in this work show significantly
lower sintering temperature compared to the other re-
searches where the sintered ceramics had the similar
hardness [14,46,48,49].

The EDS results in Table 4 show that the Ca/P ratio
range of HA sample is 1.3—1.58. The samples prepared
by hot pressing with Ca/P < 1.667 yielded bi-phasic
mixtures of HA-TCP. On the other hand, the amount of
TCP in the two phase mixtures increased as a function of
decreasing Ca/P ratio [50,51]. After SBF soaking, that
ratio did not change, which means the observed cover-
ing layer is the BCP layer [51,52].

IV. Conclusions

The dense biphasic calcium phosphate (BCP) ce-
ramics with a mixture of HA and S-TCP phases were
successfully obtained by hot pressing at temperatures
higher than 700 °C. In general, the HA phase transforms
to B-TCP at the temperature of about 850 °C and the
transformation of S-TCP to a-TCP occurs at tempera-
tures greater than 1125 °C. However, in this hot press-
ing process, the sintering temperature of BCP ceram-
ics can be kept under 800 °C while obtaining dense ce-
ramics. The relations between the development of mi-
crostructure and the hardness of the dense BCP ceram-
ics sintered in the temperature range 700—1100 °C can
be clearly seen in this research. The maximum hardness
of dense HA ceramics reached 4.86 GPa which is higher
than that of BCP ceramics produced previously by the
hot pressing process under the same sintering condi-
tions. In addition, after immersion in simulated body
fluid (SBF) apatite layer was formed on the surfaces of
the samples hot-pressed at 800 and 900 °C confirming
strong interaction of BCP ceramics and SBE.
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