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Abstract. This paper presents the synthesis and characterization of hydroxyapatite
(HAp) and hydroxyapatite embedded in a collagen matrix (C-HAp6). The aim of this
study was to investigate the influence of collagen on the structure and morphology of
hydroxyapatite. According to the XRD patterns, the samples have the structure
characteristic to hydroxyapatite. The FTIR and Raman spectra proved the successfully
embedding of hydroxyapatite in the collagen matrix. Morphologically, the collagen
increases the porosity of HAp. The collagen influences the structure and morphology
of the hydroxyapatite causing a decrease of the mean particle size and/or a decrease of
crystallinity while increasing the porosity.
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1. INTRODUCTION

With the development of modern medicine, the research field of tissue
engineering has emerged due to the constant need for new and improved materials
that could substitute human tissues and organs. Different diseases and injuries are
the main causes that lead to surgeries that entail the replacement of the original
tissue with an artificial one. In order for the surgery to be successful, the implanted
material has to mimic as closely as possible the natural human tissue. The material
must resemble the structural, mechanical and biological properties [1–2] of the
replaced tissue. In the case of orthopedic and dental surgeries, the most commonly
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used material for coatings is hydroxyapatite (HAp). Having the chemical formula
Ca10(PO4)6(OH)2, hydroxyapatite is found in natural human hard tissue, being the
main inorganic component of bone and teeth [3–5]. It has been proven that
synthetic hydroxyapatite exhibits properties such as osteoconductivity and
osteoinductivity which stimulate bone regeneration [6]. Because it is a
biocompatible material, it has been widely used as a coating material for implanted
devices [7–8]. Another important characteristic of HAp is its biodegradability.
Previous studies [9–14] have shown that hydroxyapatite tends not to trigger a
response from the immune system, embedding itself successfully in the
surrounding tissue and degrading over time as the host tissue begins to regenerate.
On the other hand, considering that the human bone consists of an organic
matrix formed of collagen reinforced with mineral hydroxyapatite, where the
collagen represents 90% of its content [15], it is obvious why researchers have
focused their attention on creating a new composite based on hydroxyapatite and
collagen, in order to create a material that could mimic as much as possible the
human hard tissue. Collagen is a biopolymer found in abundance in the structure of
different human tissues like bones, cartilages and blood vessel walls [16]. The main
properties that make collagen an interesting material are its ability to be resorbed
by the human body and its ability to promote cell attachment [16]. In this context,
previous studies [17–18] have proven that composites based on hydroxyapatite and
collagens are biocompatible in humans and animals. One of the main objectives is
to develop a material that can possess the properties of both hydroxyapatite and
collagen in order to create a composite which could be considered as a candidate
for clinical use.
The present study focuses on the synthesis and characterization of
hydroxyapatite embedded in a collagen matrix, the aim being to emphasize the
influence that collagen has on the structure and morphology of hydroxyapatite.
2. MATERIALS AND METHODS
2.1. SAMPLES

All the reagents used for the synthesis, including ammonium dihydrogen
phosphate [(NH4)2HPO4] and calcium nitrate [Ca(NO3)2⋅4H2O] were used as
purchased, without further purification. Type I fibrillar collagen in gel form (Coll)
with a concentration of 2.11% (w/w) was extracted from calf hide by acid and
alkaline treatments as previously described [19]. Glutaraldehyde was purchased
from Merck (Germany). Sodium hydroxide and phosphate buffer solution (PBS),
pH = 7.4 were of analytical grade.
The Ca10(PO4)6(OH)2 ceramic powder was prepared maintaining the molar
ration Ca:P = 1:67. Ca(NO3)2·4H2O and (NH4)2HPO4 were used as precursors in a
co-precipitation synthesis method. Firstly, a predetermined amount of ammonium
dihydrogen phosphate [(NH4)2HPO4] was dissolved in deionized. Then, a designed
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amount of calcium nitrate tetrahydrate was dissolved in deionized water. The two
solutions have been mixed and the new obtained solution has been stirred
constantly for 2 h by a mechanical stirrer at 100°C. The pH was constantly adjusted
and kept at 10 during the reaction. Afterwards, the deposited mixtures were washed
several times with deionized water and the final material (HAp) was dried at 100°C
for 72 h in an electrical oven.
In order to obtain the sample containing hydroxyapatite embedded in a
collagen matrix, 6 g of previously synthesized hydroxyapatite powder were added
to 100 ml of a solution containing collagen. The resulted mixture was stirred
continuously for 90 h and, finally, lyophilized using the Christ Model Delta 2–24
LSC freeze-dryer (Germany).
2.2. SAMPLE CHARACTERIZATION

X-Ray Diffraction (XRD). The XRD patterns have been obtained using a
Bruker D8 Advance diffractometer, with a nickel-filtered Cu Kμ (λ = 1.5418 Å)
radiation, and a high efficiency one-dimensional detector (Lynx Eye type) operated
in integration mode. The patterns were collected in the 2θ range with a step of
0.02° and 34 s measuring time per step. The qualitative phase analysis was
performed with the EVA software package and ICDD- PDF-2-database
Scanning Electron Microscopy (SEM). In order to investigate the structure
and morphology of the samples, SEM studies have been performed using a
HITACHI S2600N-type scanning electron microscope (SEM), operating at 25 kV
in vacuum.
Fourier Transform Infrared Spectroscopy (FTIR). The functional groups
present in the structure of the prepared samples were identified by FTIR
spectroscopy using a Perkin Elmer, Spectrum BX spectrometer. The absorption
spectra have been obtained using tablets containing with 99% KBr 1% of the
studied nanopowder, the powder mixture being previously ground and pressed with
a load of 10 tones. The spectra were recorded in the range of 400 to 4000 cm-1 with
4 cm-1 resolution.
Raman Spectroscopy. Complementary to FTIR studies, Raman spectra have
been recorded with a FT Raman Bruker RFS 100 spectrophotometer which uses an
excitation wavelength of 1064 nm. The laser power was set at 100 mW and the
spectra were registered using up to 100 scans with a 4 cm-1 resolution.
Thermal Analysis. Differential thermal analysis (DTA) and thermal
gravimetric analysis (TGA) were used in order to study the thermal behavior of the
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prepared powders. For this purpose, a Shimatzu DTG-TA-50 and DTA 50 analyzer
has been used in the 25–800 oC temperature range, air environment, and Al2O3
reference.
3. RESULTS AND DISCUSSIONS

In Fig. 1 are reported the diffractograms of the HAp (a) and C-HAp6 (b)
samples. Both patterns show the characteristic peaks of hydroxyapatite, according
to the International Center for Diffraction Data database, ICDD-PDF 9-0432. The
XRD patterns indicate the presence of a majority phase corresponding to the
hexagonal singony – P63/m space group associated to pure HAp.

Fig. 1 – X-ray diffraction patterns of HAp (a) and C-HAp6 samples (b).
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In addition, no other minority phase has been detected. On the other hand, a
slight decrease of the peaks intensity could be observed in the case of C-HAp6.
This behavior could be caused to a decrease of the degree of crystallinity.
The morphology of the HAp and C-HAp6 powders was investigated by
scanning electron microscopy (SEM). The results are presented in Fig. 2a–b. The
HAp nanoparticles exhibit an acicular morphology. Moreover, the particles tend to
agglomerate due to their small dimensions. On the other hand, the C-HAp6
nanoparticles exhibit an increase of the porosity. This behavior is probably due to
the presence of the collagen matrix.

Fig. 2 – SEM images of HAp (a) and C-HAp6 samples (b).

The results obtained by SEM an XRD studies conduct to the same
conclusion: the presence of the collagen matrix leads to a decrease of the mean
particle size and/or a decrease of the cristalinity.
The chemical changes of the HAp and C-HAp6 samples were investigated by
thermal studies. The thermogravimetric analysis (TGA) and the differential
thermal analysis (DTA) curves of the HAp and C-HAp6 samples are shown in
Fig. 3 and Fig. 4 respectively. From the DTA curve analysis the temperature of the
maximum process speed was determined (exothermic peaks). In the DTA curve of
HAp sample (Fig. 3) two peaks can be observed. The first peak is at 161 oC and the
second, very wide maximum appears at around 700 oC. On the other hand, in the
DTA curve of C-HAp6 sample three peaks can be observed (Fig. 4). The first peak
is wide and appears at 161 oC. In the DTA curve of C-HAp6 sample, the second
peak appears at 330 oC and the third, very wide peak appears at around 730 oC. For
both samples, the first weight loss occurs for temperatures up to 161 oC (sample
HAp) and up to around 331 oC (sample C-HAp6) respectively. This loss may be
assigned to the water molecules that are physically adsorbed on the samples and
are weakly bound [20–21]. The first weight loss for the HAp samples is 2.46 %
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while for the C-HAp6 sample the first weight loss is around 6%. The second loss of
mass occurs after 620 oC (2.57%) for the HAp sample and corresponds to the total
loss of mass. In the case of C-HAp6, a major weight loss occurs between
330–620 oC (17.60%).

Fig. 3 – TGA and DTA curves of the HAp sample.

Fig. 4 – TGA and DTA curves of the C-HAp6 sample.
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For both samples the weight loss remains constant after 620 oC. The weight
loss that occurs around 620 oC is approximately 0.12 % for the HAp sample
(Fig. 3) and approximately 0.80% for the C-HAp6 sample. The second weight loss
(17.60 %) observed in the C-HAp6 sample (Fig. 4), between 300–620 oC, can be
attributed to the release of water related to collagen and to the release of small
molecular products produced by the thermal degradation of collagen. According to
previous studies conducted by Tegza et al. [22] the second mass loss may be
caused by thermal and oxidative destruction processes characterized by a more
rapid decomposition.
The functional groups present in the prepared samples were investigated by
aid of FT-IR studies (Fig. 5). The spectra registered for the hydroxyapatite and
hydroxyapatite with collagen showed the apatite characteristic bands. The presence
of phosphate group
is highlighted by the 472 cm-1 band associated to the
double degenerated bending mode [23–26] and the bands found at 568 and
600 cm-1 characteristic to the vibration mode [27–30].

Fig. 5 – FT-IR spectra of HAp (a) and C-HAp6 samples (b).

Furthermore, the band registered at 962 cm-1 is evidence of the
nondegenerated symmetric stretching mode of the P-O bond [23–25, 31–32] and
the bands found at 1036 and 1095 cm-1 are associated to the
vibration mode of
the
functional group [27–29]. On the other hand, the
functional group
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is highlighted by the presence of several vibration bands. At around 870 cm-1 can
be found the band characteristic to the
vibration mode [27–28, 30] and the
stretching vibrations of the
group are highlighted by the 1415 and 1450 cm-1
bands [23–28, 33]. The band present at 1550 cm-1 is also proof of the presence of
functional group in the studied samples. The hydroxyl group from the
structure of the samples is emphasized by the 631 cm-1 band [34]. Moreover, the
bands present in the region 1600–1700 cm-1 are characteristic to the H-O-H bonds
of water lattice. In the case of the spectrum registered for the C-HAp6 sample, it
can be clearly observed that in the 1600–1700 cm-1 region, the band is wider. This
behavior can be explained by an overlapping of the water lattice band and the band
associated to C=O stretching mode of the amide I present in the FT-IR spectrum of
collagen [35]. Also, in the spectrum of hydroxyapatite with collagen, at 1548 cm-1
can be observed a vibrational band associated to Amide II [36]. Comparing the two
spectra it can easily be observed that the influence of collagen causes a decrease of
the peak intensities and a general widening of all the bands.
Complementary to FTIR studies, Raman Spectroscopy measurements have
been registered. In Fig. 6 are evidenced the two spectra of hydroxyapatite and
hydroxyapatite embedded in a collagen matrix samples. It can easily be observed
that the two spectra follow the hydroxyapatite characteristic spectrum.

Fig. 6 – Raman spectra of HAp (a) and C-HAp6 samples (b).

Therefore, through Raman studies have been revealed the bands
characteristic to PO4 functional group. The asymmetric and symmetric stretching
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modes of the PO4 group are highlighted by the bands found at around 1076 cm-1,
1046 cm-1, 1030 cm-1 and 961 cm-1 respectively [29, 35, 23]. On the other hand, the
triply degenerated bending mode of the O-P-O bond is evidenced by the bands
located around 610 cm-1, 594 cm-1 and 582 cm-1 [29, 35, 23] while the doubly
degenerated bending mode determines the presence of 433 and 447 cm-1 bands
[23]. An additional band can be noticed in the spectrum of the sample containing
collagen at around 1254 cm-1 characteristic to Amide III [37]. Like in the case of
FTIR spectra, the influence of the collagen determines a decrease of the peak
intensities as well as a widening and a smoothing of all the peaks.

4. CONCLUSIONS

The results of this study emphasize the influence of embedding
hydroxyapatite in a collagen matrix. For this purpose, the structure, morphology
and chemical changes of the prepared samples have been studied. The XRD
patterns suggest that both samples have the hydroxyapatite characteristic structure,
although the collagen seems to induce a decrease of the crystallinity. The decrease
of the sample crystallinity has also been observed in the SEM images. A decrease
of the mean particle size and an increase of the porosity could also be observed in
the SEM images. Regarding the functional groups present in the obtained samples,
the FTIR and Raman spectra suggest the presence of HAp characteristic bands
associated mainly to phosphate, carbonate and hydroxyl groups, the addition of
collagen inducing a decrease of the peak intensities as well as a widening and a
smoothing of all the peaks. Thermal studies have been also performed in order to
determine the chemical changes of the HAp and C-HAp6 samples. Analyzing the
DTA curves, the exothermic peaks have been highlighted. HAp has two peaks at
161 oC and 700 oC while for the C-HAp sample three peaks are observed at 161 oC,
330 oC and 730 oC respectively. Also, the major weight loss for both samples
occurs before 620 oC, for higher temperatures the weight loss remaining constant.
In conclusion, this study showed that embedding synthetic hydroxyapatite in
a collagen matrix leads to the formation of a new compound with a HAp
characteristic structure, with a smaller mean particle size than pure HAp, which
exhibits a higher porosity and a lower crystallinity.
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