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Abstract

The aim of this study was to investigate the sbbgpthesis of HA/FA nanoparticles and the possible
formation of TCP phase or unstoichiometric calcideficient hydroxyapatite (CDHA) from the precursors
with a Ca/P ratio of 1.62. In order to preparesbk the solutions of Triethyl phosphite, ammoniilmoride
and calcium nitrate in ethanol were used respdgta®P, F and Ca precursors.The crystallinitytiplarand
crystallite size, powder morphology, chemical stuoe and phase analysis were investigated by SEHRD,X
FT-IR and Zeta sizer experiment. A multiphase coamgbcontaining hydroxyapatite (HA) and fluoroapatit
(FA) nanoparticles and calcium deficient hudroxyapa CDHA) agglomerates was obtained. The size of
the crystallites estimated from XRD patterns ustoperrer equation and the crystallinity of HA phasze

about 5 nm and 66% respectively. The zeta sizperaxents for the dispersed particles in its own
conditions showed an average size of 98 nm.
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1. Introduction

Hydroxyapatite [HA, Ca(PQOs)s(OH);] is one of the types of calcium phosphates,
which has extensive applications in the healinparfie and tooth, due to biocompatibility
and similar composition to that of natural bon&€]1Pure fluorapatite [FA, GaPQu)sF]
has more chemical and structural stability in congoa to HA[3,4].HA has more chemical
and structural stability and lower resorption kiogtin comparison to several calcium
phosphate phases such @3CP (Ca(PQy),) and TTCP (C#.0g) under physiological
Conditions [5].The calcined dense HA implants esdlgcof high crystallinity does not
show a significant sign of biodegradability in viewen years after implantation. There are
even reports about the formation of thick fibroager which is considered as a negative
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response of surrounding tissue to implant [6]. Reigg the characteristics of HA and a-
TCP, a composition of these two phases (BCP) isidered to be more bioactive and more
efficient than HA alone for the repair of bone at$e In the recent years, less chemically
stable compounds such as BCP, CDHA, ACP and bisdiase been widely investigated
for cellular as well as growth factor-based tissngineering [7,8]. In this study, the sol-gel
processing was used to synthesize the calcium phatsmpowders. The advantages of sol-
gel method over other methods are precise contfolcamposition,low processing
temperature, better homogeneity etc [9,10].Takingp iaccount the role of chemical
composition, choosing the Ca/P ratio of less th&7 In the starting materials might be
considered as an alternative to investigate in{greparation of the powders containing
bioactive TCP/CDHA/FHA nanoparticles. The compahygleemical composition factor to
control the bioactivity and feasibility of prepaginery fine particles increases the hope for
the production of suitable bioactive powders fontdétissue applications.

2. Materials and methods

In order to prepare the sol, the solutions of (TEE2Hs0)sP]; Merck), (NHF;
Merck), (Ca(NQ)..4H,O; Merck) in ethanol were used respectively as Pand Ca
precursors with a nonstoichiometric Ca/P ratio étpal, 1/5, 1/62, 1/72.

First, NH,F was added to TEP in ethanol (P/F=6) and in aragpaontainer, calcium
nitrate tetrahydrate was dissolved in ethanol. Tésulted solutions were vigorously
agitated for 24 h. Subsequently, the Ca contaisoigtion was added to the P containing
one. The resulted sol was kept at room temperdture’2 h and then aged at room
temperature for a period of 24 h. The samples weeel at 70° for 3 days and heat treated
at 550 for 1 h.

Microstructural characteristics, powder morphologgrticle size, chemical structure
and phase analysis were performed by scanningr@heahicroscopy (SEM), X-ray
diffraction (XRD), Fourier transform infrared (FR) and Zetasizer experiments.

3. Results and discussion

The results of X-ray diffraction and Fourier Tramsh Infrared spectroscopy (FT-IR)
of powder sample are shown in theures land?2 respectively.
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Fig.1. FT-IR patterns of the powder sample
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Fig.2. X-ray diffraction pattern of the powder sample

The typical characteristic P-O bands of apatiecstire in the range of 550-610 and
950-1100 crit were identified. The peak in 3550 ¢rindicates the presence of hydroxyl
group appeared due to hydrogenic bond with fluoimtes. The presence of carbonate
group in 1420-1453 cthshows the sample is carbonated. The similar sué obtained
by Kim et al. [11] and Anastasioat al [12] for the synthesis of HA/FA from stoichiometri
Ca/P ratio.

The characteristic peaks of apatite in the rarfg20e25-35° was identified in the
XRD pattern. This pattern showed the powder sam@e not perfectly crystalline and
composed of HA, CDHA and FA. Despite of Ca/P ratid..62 used in this study, no trace
of B-TCP andu-TCP was identified. In the equilibrium conditian,TCP amount of 54% is
deduced from the CaO,Bs phase diagram for a given Ca/P ratio of 1.62.

The degree of HA crystallinity was calculated eguation below [13]:

1. Xc=1-(V11213001300)

In this equation, ¥ is the degree of crystallinity, 1¥o/300iS the depth of the valley
between the characteristic peaks correspondingetglanes of (112) and (300) ang lis
the intensity of (300) planes. The size of the aljises estimated from XRD patterns using
Scherrer equation and the crystallinity of HA phasee about 5 nm and 66% respectively.

The SEM image of powder sample is shown in fiigure 3 The EDAX analysis
(Figure 9 revealed the phase composition of granular natiofes (zone A) and
nongranular smooth agglomerates (zone B) could A&A and CDHA respectively. The
similar HA/FA particle morphology was obtained fdéine stoichiometric Ca/P ratio
elsewhere [11].
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Fig.3. SEM image of powder sample.
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Fig.4. EDAX analyses of zond. (left) and zoneB. (right).

Considering the SEM image, it seems the agglomeraéee sufficiently dispersed in
the Zeta sizer testing conditions. The Zeta sizpeements for the dispersed patrticles in
its own conditions showed patrticle sizes rangiognfi90 to 180 nm with an average size of
98 nm.

4. Conclusion

Phase characterization and chemical structure seslgonfirmed the presence of
apatite phases (Flourapatite and hydroxyapatite) escium deficient hydroxyapatite
(CDHA). Despite of the Ca/P atomic ratio equal t62Lused in this work, no trace of
tricalcium phosphate was identified. FT-IR analysigealed also that the FHA was slightly
carbonated. The crystallinity of HA component estied by XRD was found to be about
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66%. Very fine distribution of the nanosized FHAaigis as well as the calcium deficient

hydroxyapatite agglomerates were identified in M studies. XRD-based estimation

revealed the crystallite sizes were about 5 nm.Zéta sizer experiments for the dispersed
particles in its own conditions showed an average af 98 nm.
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