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Hydroxyapatite has been used to manufacture bioma-
terials for bone tissue implantation because of its bio-
compatibility and bioactivity as well as for being the
most similar material to the inorganic component of the
hard tissues in bones [1, 2]. Human bone apatites are
not pure HA, containing small amount of CO%‘, Cl-,
Na*t, KT, Mg?* [3]. Although HA has been formed by
a variety of methods [4—7], such as solid-state reaction,
wet precipitation, hydrothermal reaction, sol-gel, most
methods require higher pH value (more than 10) and
higher sintering temperature (more than 600 °C, even
up to 1200 °C) in order to obtain a stoichiometric apatitc
structure. Chemical synthesis of HA powders in neutral
or slightly acidic aqueous media is more complicated
and difficult, furthermore high sintering temperature
leads to increasing the size of synthesized HA powders
[8].

Simulated body fluid (SBF), with ion concentrations
nearly equal to those of the inorganic constitutes of
human blood plasma, was used to prove the similarity
between in vitro and in vivo behavior of certain glass—
ceramic compositions [9]. Some investigators [10-12]
reported that SBF could be used as a tool to synthe-
size apatite-like powders in vitro. A. Ciineyt Tas [11]
reported that spherical HA powders with an average di-
ameter in the range of 35-50 nm were synthesized using
the calcium nitrate and diammonium hydrogen phos-
phate as starting materials Because NO; and NHI are
not in SBF and a large amount of NO; and NHj is
placed into SBF, the properties of SBF might change
and HA produced might contain the ions not in bones.
In our studies, using calcium chlorine and diapotas-
sium hydrogen phosphate as starting materials, platelet-
shaped and needle-like nanocrytalline hydroxyapatite
(HA) powders were directly synthesized in SBF at
37°C.

SBF [13-17] was prepared by dissolving NaCl,
NaHCO3, KCl, K2HP04‘3H20, MgC1'6H20, CaC12
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and Na;SOy4 in deionized water. Reagent was added,
one by one after each reagent was completely dissolved
in 2000 ml of deionized water, in the order given in Ta-
ble I. The concentration of prepared SBF is given in
Table II. The most significant differences of this study,
as compared to the previous workers, are that pH val-
ues were adjusted only by using 1N NaOH, not using
HCI and (CH,OH);CNH,. The HA synthesized flow
was following as Fig. 1.

The pH value of prepared SBF solution was mea-
sured as 8.31, prior to its use, at room temperature.
The SBF solution was placed in four glass bottles,
500 ml to each bottle. A measured amount of CaCl, and
K>HPO,4-3H,O was added to each bottle, under contin-
uous stirring, to produce depositions, the pH values of
the SBF solution in each bottle decreased to 7.19, then
were adjusted to 7.4 by using 1N NaOH. The bottles
were tightly sealed. They were kept at 37 °C for 2, 4, 6
and 8 days, respectively. The depositions in each bot-
tle were filtrated and washed six times with deionized
water, then dried at 50 °C for 24 hrs. The dried samples
were lightly ground by hand using an agate mortar and
pestle to obtain HA powders.

The levels of crystallinity and the phase purity of the
HA powders were studied by X-ray powder diffraction
(XRD) (Model: D-Max, Rigaku Co., Tokyo, Japan) at
the step size of 0.02° 26 and the speed of 10° 26 per
min. A Cu-K, tube operated at 40 KV and 80 mA was
used for the generation of X-rays. The HA powders ob-
tained at 37 °C for 2, 4, 6 and 8 days were denoted as
HA2, HA4, HA6 and HAS, respectively. Four of the
samples were determined by powder XRD to be poor
crystallinity (Fig. 2). HA2, HA4 and HA6 contained
HA (PDF, NO: 9-432) and trace other composition (be-
tween 14.4-21.4° 20). The trace composition gradually
decreased with the day increasing during the observa-
tion periods and finally disappeared at 8th day. Only
HA existed in HAS.
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TABLE I Chemical composition of SBF solution

Order 1 2 3 4 5 6 7
Reagent NaCl NaHCO3 KCl1 K,;HPO4-3H,0 MgCl - 6H,O CaCl, NaySO4
TABLE II Ion concentrations of SBF solution * + @)
— - _ _ * *x +
Ton Nat CI~ HCO; K* Mg?" Ca** HPO™ SO? A AV + vy N
NS
Concentration 142.0 147.8 4.2 50 1.5 25 1.0 0.5 v I e

(mM)
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Figure 1 Process flow for HA synthesis by the SBF route.

Furier-transformed infrared spectroscopy (FTIR)
(Model: DX-510, Nicolet CO.) was used in the wave
number range of 4000-400 cm~'. Experimental spec-
tra of solid samples were obtained by preparing KBr
plates with a 100:3 ‘KBr-to-HA powders’ ratio. The
FTIR spectras of four HA samples were given in Fig. 3.
No marked difference has been observed in the four
samples. This is a typical spectrum for stoichiometric
HA. The PO?[ bands were detected at 472 (v,), 565
and 602 (v4), 961 (v1), 1032 and 1087 (v3) cm™!. The
CO%‘ ion peaks were visible at 1415 (v3), 1457 (v4
or v3), 1547 (v4) cm~'. The water associated with HA
is present at 3430 and 1632 cm~!. The OH™ stretch-
ing vibration was observed at 3569 cm™!, but the OH
bending vibration (631 cm™!) was not apparent. It has
been reported [18] that the absorption band at 1072—
1032 cm~! is attributed to chloride ions in the lattice
of HA crystals and the chlorapatite formation results in
weakening of the absorption bands assigned to the hy-
droxyl group at 631 cm~!. We also believe that chloride
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Figure 2 X-ray diffraction pattern of four HA samples.
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Figure 3 The FTIR spectras of four HA samples.

ions incorporated into HA crystals because the concen-
trations of chloride ions in the prepared SBF solutions
were very high. It has also been reported [3] that the
extents of CO? and CI™ are 5.36 wt% and 0.23 wt% in



(a)

Figure 4 TEM image of HA8 powders.

human bone in the range of 20-30 years, respectively.
Therefore, a further study is required for a quantitative
determination of the amounts of CO%f and CI™ ions
present in such samples.

Morphology and sizes of the HA powders were in-
vestigated by Transmission electron micrograph (TEM)
(Model: H800, Japan). The morphology and size of
HAS powders were investigated by TEM (Fig. 4). Most
HA crystals were platelet-shaped, with irregular edges
(Fig. 4a). The mean lengths and widths of crystals were
50 and 30 nm, respectively. A small amount of crystals
were needle-like with the 100 nm in length and 10 nm
in width (Fig. 4b). The morphology of synthesized HA
is very similar to that of HA crystals in human woven
bone that were reported [19], but its size is larger. To the
authors’ knowledge, such nanocrystalline HA powders
have never been reported before for synthetic HA pow-
ders manufactured using the SBF route, except for the
HA produced by the ceramic coating soaking in SBF.

The pH value changes for the four prepared SBF
solutions during observation periods are shown in Ta-
ble III. The pH values of the SBF solutions slowly de-
creased with time. The measured pH decrease of the so-
lutions may be due to the following chemical reaction
Equation 1.

2H,0 + 10CaCl, + 6K,HPO4
— Cajo(POy4)6(OH), + 12KC1 + 8HCl (1)

It is known that the synthesis of HA in pure wa-
ter using the starting chemicals Ca(NO3),-4H,O and
(NH4),HPOy requires high pH values in excess of 10.
Our experimental findings indicate that, in the case of
using SBF, the pH values needed for HA synthesis de-

TABLE III pH values of SBF solutions

Days 0 2 4 6 8

pH 7.40 6.51 6.47 6.45 6.41

(d)

creases considerably. Thus, we think that ions in SBF
may play an important role in inducing the formation
of HA. Further work on this field will be required.

Without  high-temperature calcification, HA
nanocrystalline powders were successfully synthe-
sized in SBF solutions at 37°C for 8 days, using
calcium chlorine and diapotassium hydrogen phos-
phate as starting materials. The pH values in SBF
changed from 7.40 to 6.41 during HA formation. These
nano-powders were found to be platelet-shaped and
needle-like. The morphology of synthesized HA are
very similar to those of HA crystals in human woven
bone. Further study will be carried out on reaction
mechanism, mechanical properties and bioactivity of
the HA synthesized by using the SBF route.
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