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ABSTRACT

A biomimetic bioactive composite based on hydroxyapatite (HA) was prepared by using
inorganic precursors for the mineral structure of the composite and a gelatin aqueous
solution to provide the organic matrix as template for the HA crystal growth. The
samples of the HA were characterized before and after the sinterization process by FTIR,
XRD, SEM and EDAX analysis. The results indicate that the crystallization process ends
only after sinterization at high temperature. This sinterization process also has an effect
on the size and shape of the HA crystals.
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1. INTRODUCTION

In the last two decades an important part of the research on bone substitute materials was
focused on ceramic materials, like calcium phosphates [1] because of their biocompatible,
bioactive, biodegradable and osteoconductive properties [2-6].

The mineral phase of the bone tissue consists in natural hydroxyapatite crystals with a
general shape of needle or rod, that are distributed within the polymeric matrix of type I
collagen. Research shows that these natural nanoparticles formed in physiological
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environment exhibits a more dynamic response in comparison with other synthetic materials,
ofter with a larger crystal size [7]. Despite their small size, bone nanoparticles are stable and
resist to dissolution because of the interactions that occur between the acidic peptide sequence
in the extracellular matrix and the Ca>" ions present in the mineral nanocrystals [8].

Synthetic bone regeneration materials do not present problems regarding immunological
incompatibility, sterility or limited availability. This type of materials that are used as bone
substitutes include inorganic materials (i.e. calcium phosphates), polymers or polymer-
ceramics composite materials [9-11]. The ideal material that should be used in order to induce
complete bone regeneration should be: osteoconductive, osteoinductive, osteogenic,
biocompatible, bioactive and biodegradable [9].

Biomimetic preparation of synthetic bone materials [12] such as hydroxyapatite has
received an increased attention of the researchers and so they have tried to prepare
hydroxyapatite based composites using collagen, denatured collagen or other polymers as
template for the biomimetic synthesis.

In the current study, the biomimetic HA synthesis was carried out by wet-chemical
precipitation of inorganic precursor into an organic gelatin matrix. Many factors can influence
the properties of HA obtained by this method, for example the precursors, pH value, stirring
speed, temperature of preparation or ageing time.

2. EXPERIMENTAL METHOD

HA was prepared by wet-chemical precipitation method. In a round three-neck flask a
geletine aqueous solutions is added, under magnetic stirring at 50°C. After 30 min the
calcium solution was added to the biopolymer mix, under continuous stirring and then the
phosphate solutions was added dropwise with an 1 cm’ min™' flow. The pH value was set to
11-12 by adding NH,OH 25%. The reflux process was employed at 50°C for 3 h under
continuous stirring at 300 rpm. After 3 hours the white precipitate was washed and filtered
under vacuum for 20 min. The precipitate was aged at room temperature for 24h and then
dryed for another 48 h at 35°C. The sample batch was divided in two, so we could perform a
comparison between the characterization of HA and sintered HA at 900°C.

The Fourier Transform Infrared spectra of the samples were recorded on a Spectrum 100
Perkin Elmer device by U-ATR technique. They were used to determine if there are some
structural differences of HA samples before and after sinterization process.

The X-ray Diffraction difractograms were recorded on a X’Pert Pro MPD by Philips —
FEI company PANalitical BV, The Netherlands, operating at 65kV and 55 mA. This
difractograms are useful to characterize the crystallization phase of the ceramic composite
before and after the sinterization process.

Scanning Electron Microscopy and EDAX investigations were performed on a Fei
Quanta 250 electron microscope, at 15 and 20 kV, in order to determine the shape and crystal
size of the HA sample.
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3. RESULTS AND DISCUSSIONS
FTIR Spectrometry

Figures 1 and 2 show the recorded spectra of the HA, Ca o(PO4)s(OH),, samples before
and after the sinterization process. Spectrum has a peak at 3647 cm’ corresponding to —OH
stretching vibration and a peak at 668 cm™ due to bending vibration of —OH. Between 1209
and 1138 cm™ there are several peaks associated with P=0 vibration. There is a clear band
splitting, showing a high cristallinity of HA, between 1100-936 cm’ there are eight peaks
corresponding to stretching and bending vibrations of (PO,)* groups.

The main features observed in the spectrum for HA before sinterization and differing
from the spectrum recorded after sinterization are the broad band in the range of 3250 cm™,
attributed to absorbed water during the synthesis process, and the presence of only 2 peaks
corresponding to (PO,)* group vibrations at 1060 cm™ and 1042 cm™, respectively, showing
that HA is not fully crystallized at this stage.

Figure 1: FTIR spectrum for biomimetic HA: before sinterization
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XRD Analysis

The XRD patterns were recorded to determine if there is a higher degree of crystallinity
after sinterization. The difractograms for the sintered HA (Fig.4) show the expected increase
of the crystallinity for the sintered HA. Slightly broad peaks are implying small size
crystallites [4], in the range of some hundred nanometers. The pattern of HA also shows that
there are several directions for the growth of HA crystallites.

Figure 3: XRD patterns for biomimetic HA: before sinterization
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Figure 4: XRD patterns for biomimetic HA: after sinterization
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SEM and EDAX analysis

SEM micrographs of the HA before and after sinterization are shown in Fig.5 and Fig.6,
respectively. In the first case, due to the biopolymer matrix the crystallites have needlelike
shape and with nanodimensional size. After sinterization the nanocrystallites have needlelike
and spherical shape, most likely due to interaction between the organic matrix and the Ca*"
ions.

EDAX spectra (Fig.7) show that nitrogen atoms are present in the sample which confirms
the growing of the HA particles in the biopolymer matrix. After calcination (Fig.8) the
nitrogen is not present in the spectrum, which is expected because at 900°C organic matter
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volatilises. Carbon cannot be measured quantitatively, because the support of the sample is
also carbon based.

Figure 5: SEM image of biomimetic HA: before sinterization
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Figure 7: EDAX spectra of biomimetic HA: before sinterization
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Figure 8: EDAX spectra of biomimetic HA: after sinterization

4. CONCLUSION

A biomimetic prepared hydroxyapatite was synthesized and characterized by several
instrumental analytical methods: FTIR, XRD, SEM and EDAX. The results of the analyses
confirmed that stoichiometric hydroxyapatite was prepared in respect with the conditions
imposed by the molar ratio of calcium and phosphorous compounds (Ca:P = 1.67) used in the
synthesis process, according to data collected from the literature. The crystallization process
was not complete after the first step of the synthesis, only after the sinterization process at
900°C.
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