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Titanium and fluoride-containing hydroxyl apatite were synthesized through precipitation method
following by a hydrothermal stage at 1000C for 6 hours. XRD analysis of the sample scalcinedat6500C
for 1 hour revealed that all samples have pure apatite structure. The existence of Fluoride substitution
in apatite structure was confirmed by FTIR(Fourier Transform Infrared Spectroscopy) analysis.

Surfaces of the samples were studied by zeta potential measurements. Investigating cell parameter and
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also FWHM (Full Width at Half Maximum) of phosphate vl peak in Raman spectra showed some
different behaviour in samples with titanium and high fluoride concentration attributed to different
position of titanium in these samples. Scanning electron microscopy (SEM) was used for investigating
the morphology of samples. The Morphology of particles was not affected by adding titanium and

1. INTRODUCTION
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Because of apatite structures, extensive substitutions are
possible in all atomic sites. Some of them can be
produced in synthesize stage and others by ion
exchange among solid apatite and solutions. Calcium
sites can be occupied in some extent by monovalent
(Ag'y) , divalent ( Fe’[2] and Sr[3] ),
trivalent(Ce*'[4]) anions while VO, °. AsO,[7],
Si0,*[8, 9], SO~ [10Jand CO;*[11]can be located at
phosphate positions, but the latter are also found in
OH’ positions. The apatite will incorporate half of the
elements in periodic table[12]. Titanium incorporation
in apatite structure was studied by different researchers
[13-15]. Although the position of titanium in apatite is
controversial, the possibility of the incorporation of
titanium in apatite structures accepted by all researchers
[13, 16-19]. Wakamura introduced Ti substituted
hydroxyl apatite as a photo catalyst[20-22]. It is also
reported that TiHAp has potential to be used as an
alternative bioactive coating on metallic prostheses,
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dental and orthopaedic applications and bioactive
scaffolds [23]. On the other hand, flourohydroxyl
apatite is another promising biomaterial due to
dissolution-resistant ~ property = and  comparable
biocompatibility to hydroxyl apatite. Considering these
studies, it seems that cosubstitution of these ions could
have an interesting characteristics to be used in different
applications. The most common methods to synthesize
substituted hydroxyl apatite are coprecipitation and ion
exchange  methods.  Sugiyama[l8] used both
coprecipitation and ion exchange methods to synthesize
TiHAp. Huang[23] and Ergun[14]also studied synthetic
TiHAp by using tetraethylorthotitanate as titanium
source. There are numerous researches about the role
of titanium in hydroxyl apatite and many researches
about the fluoridated hydroxyl apatite, though the
effects of both ions are hardly reported[24]. This
compound could have been used in environmental era as
adsorbent or photo catalyst to remove pollutants.
Although it is required more investigations and
researches, it could also use as a biomaterial.

The purpose of this work is to use coprecipitation
method followed by hydrothermal stage to synthesize
titanium and fluoride substituted hydroxyl apatite and
characterize influences of these substitutions on each
other and also on hydroxyl apatite properties.

2. EXPERIMENTAL PROCEDURES

2.1. Synthesize route Since Titanium salts are
hydrolysed instantly in aqueous solutions, titanium
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isoporpoxide  (Aldrich, Germany, 20527) and
triethanolamine (Sigma- Aldrich, Germany, 90279)
were mixed in the molar ratio of 2:1 to form hydrolysis
resistant complex [25] and this complex was used as a
source of titanium. Titanium-containing HAp (denoted
as TiHAp in the following) Xp;=(Ti+P)/P=0.05 were
synthesized by coprecipitaion method based on reaction
between calcium nitrate(Sigma- Aldrich, Germany,
237124) and di ammonium hydrogen phosphate(Merck,
Germany, 101207). Ti Complex and Calcium solution
were added gutty to phosphorus solution under
continuous stirring while the temperature was
maintained at 50+2°C. The amount of Ca+Ti and P were
0.1 and 0.06 mole respectively, so the ratio
Ca/(P+Ti1)=1.67 was satisfiable. pH was adjusted to 10
by adding ammonia solution. The TiHAp gel was aged
for 6 hours at 100°C. The products were filtered,
washed several time with ethanol and water then dried
at 70°C for 24 hours and eventually milled.

The obtained powder was calcined at 650°C for 1 hour
(with heating rate of 5 (°C/min)). The fluoride-
containing samples were synthesized by mentioned
processes and by adding fluoride solution to primary
solution. The amount of fluoride adjusted in order to
fill 0.25 and 0.75 of hydroxyl positions and these
samples were denoted as TIHApF0.25 and TiHApFO0.75,
respectively.

2.2. Characterisation Powder X-ray diffraction
method was carried out with a Philips diffractometer
(PW 3710), Cu K, radiation, in the 26 range of 25-45°.
In order to have an accurate studies of peaks positions,
the measurements carried out by step size of 0.0005°and
step time of 1 second at room temperature.
Ramanspectroscopy measurements were performed by
using the 532 nm line of a linearly polarized He—Ne
laser, equipped with an Olympus microscope with x10,
x50 ,x100 andx150 objectives, a motorized x—y stage
and auto-focus. Laser power was controlled by means of
a series of density filters. The position, FWHM and
other parameters of peaksin X-ray diffraction and
Ramanpatterns were then determined by fitting with
Voight functions using the Fityc software[26], after
linear background removal. Cell parameters were
obtained by Unit cell program[27]. FTIR measurements
were carried out by using Perkin-Elmer (Spectrum 400)
in the wave number range of 450-4000cm™,

Zeta potentials of the samples were measured by Zeta
sizer, Malven Enstrumetn Ltd. Each suspension ejected
twice and measurements were carried out three times for
every injected sample and the average of six
measurements is reported here.

3. RESULT AND DISCUSSION

XRD patterns of the pure hydroxyl apatite, TiHAp,
TiHApF0.25 and TiHApFO0.75are reported in Figure 1.

All peaks are assigned to the single hydroxyl apatite
phase (JCPDS86-0740). No remarkable differences are
observed in the XRD patterns of the samples by
introducing Titanium and fluoride, It indicated that the
apatite crystal lattice is not affected by the presence of
Titanium and fluoride.
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Figure 1. XRD Patterns of the samples, HAp, CaTi,
CaTiF0.25, CaTiF0.75.

Figure 2(a). shows FTIR spectra of the samples
calcinedat 65°C. Figure 2(b). shows the extended region
of wave number 3400-3700 cm™ of the same spectra.
The bands at 3571 and 631 cm™ corresponded to the
stretching and vibration modes of hydroxyl groups,
respectively. Intense bands at 1085, 1014 and 961cm™
are corresponded to P-O stretching vibration modes and
two peaks at 593 and 572 cmare attributed to O-P-O
bending mode. TiHAp shows no peaks other than
hydroxyl apatite peaks. By introducing Titanium the
intensity of hydroxyl peak decreases but no other
particular difference was observed in FTIR spectrum.
Decreasing the OH intensity is caused by decreasing
the crystallinity of the sample. Moreover, Since the
phosphate groups have three negative charges which is
more negative compare to titanium tetrahedralswithfour
negative charges, decreasing the OH intensity is also
occurred by releasing the OH groups for maintaining the
charge balance in case of the replacement of Titanium
in phosphate position.

Splitting and shifting of the OH™ peak at 3570cm™ is
observed in fluoridated hydroxyl apatite indicative of F-
substitution in OH" positions. By increasing the fluoride
concentration the intensity of the new peak at ~3548cm’™
increased. This new peaks arise from OH...F bond.

The XRD and FTIR results proved that titanium and
fluoride placed in hydroxyl apatite structure. There are
some very low intensity peaks at the wave number
about 3600cm™ in FTIR spectrum of CaTiF0.75 Figure
2(b). This bands were reported to form due to increasing
the surface binding of the ions with hydroxyl ions, for
instance the surface P-OH binds which formed with
protonation of the surface [22] or Ti-OH surface
binds[15].

Raman spectra of the samples calcined at temperature
650°C in the frequency region 100-1400cm™ were
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reported in Figure 3. The extended image of the
phosphate v; peak is also showed in this figure.
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Figure 2. FTIR spectra of the samples calcined at 600°C a:
Wavenumber of 400-4000 and b: extended image of the
selected part.

All Samples showed the pure apatite structure. In pure
apatite, the 1076 cm’l, 1052 cm'l, 1047 cm’l, 1040 cm™
l(sh), and 1028.5 cm ' bands arise from V3 PO4'3, the
very strong 962 cm ! band are attributed to 2 PO4'3, the
614 cm',607 em ', 590 cm', and 579 ¢cm ' bands are
associated tov, PO,>, and the 447 cm™ and 431 cm™
bands corresponded tov, PO,~. The groups of weak
intensity bands in the 50 cm ™' to 329 cm ' region derive
from translations of the Ca’’, PO, and OH ions and
liberations of the PO,”~ ions. The 329 cm ™' are assigned
to vibrations of the 2[(Call)3-(OH)] sub lattice of
hexagonal HAp, and the band at 285 cm—1 primarily to
libratory phosphate motions[28].
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Figure 3. Raman spectra of HAp, TiHAp, TiHAp0.25 and

TiHApO0.75 samples. Phosphate v, peak of the samples were
shown in a small picture at right above of the figure.
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Figure 4. Position and FWHM of phosphate vl peaks in
Raman spectra of HAp, TiHAp, TiHAp0.25 and TiHAp0.75
samples.

By adding Titanium and fluoride no new peak was
observed in Raman spectra but the position and FWHM
of the phosphate peak changed. The results of the fitting
processes were shown in Figure 4. Adding titanium
into Hap led to broadening of the phosphate peaks in
Raman spectrum and also shifting the position of the
peaks toward lower wave number. Broadening and
shifting of the Raman peaks was due to disorder
structure and microscopic strain in the structure. In
TiHAPF0.25 and TiHApF0.75 the FWHM of the
phosphate peak increased, however in latter sample the
increase wasn’t remarkable. In TIHApFO0.25 sample, the
phosphate v, peak at ~961 cm'shifted to higher, but in
TiHApFO0.75 it shifted to lower Raman shift which is
not supported by effects of fluoride substitution in
hydroxyl apatite on Raman spectrum which is reported
by other authors indicating the blue shift of the
phosphate v, peak in Raman spectrum[29].
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Figure 5. Cell parameters of HAp, TiHAp, TiHAp0.25 and
TiHAp0.75 samples.

Figure 5. shows cell parameters of different samples. It
shows increasing of the “a” parameter and decreasing of
the “c” parameter for TiHAp sample and inverse
behaviour in TIHApFO0.25. In this sample replacing of F
decreases the cell parameter. As it is reported by many
authors, the inverse correlation of fluoride content of
hydroxyl apatite with cell parameter is well known [30,

31]. In sample TiHApFO0.75,a” parameter increases
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again confirming the different behaviour in this
samples which also seen in Raman analysis. Since the
only difference of this sample with TiHAp is in fluoride
content and contracting effect of fluoride on the
hydroxyl apatite unit cell is well known it leads to
conclusion that by adding the fluoride, titanium acts
completely different. Position of titanium in apatite
structure is a debate and there are some suggestions
including the replacement in phosphorus or calcium
positions [14, 32]. Comparing two Ca(I) and Ca(Il)
position by taking into accountthe total energy
evaluation and structural optimisation Ti position led to
predicting of existence of Ca(I) in hydroxyl apatite[33],
but there isn’t any theoretical study about the
substitution of titanium in phosphorus position.
However, considering the substitution of vanadium
which has close ion radiation and electro negativity to
titanium (ionic radius of titanium and vanadium are 0.6
and 0.59(A°), respectively) in phosphate position it is
not so unlikely to consider phosphate place as a
candidate to titanate group substitution. These
explanations lead to assumption of titanium placed
dominantly in phosphate or Ca(I) position in hydroxyl
apatite structure. By adding fluoride it could be changed
in these positions. However, clarification of the
mechanism of this behaviour is hard to understand, but
this situation is considered to be similar to uranium
substitution in chlor apatite and fluor apatite which
were studied by Luoet al. [34].

Uranium distributed almost equally between two Ca(I)
and Ca(Il) sites in chlor apatite, but in fluor apatite
uranium partitions dominantly into Ca(Il) site and also
in this case the capacity of fluor apatite for
uranium(2.09wt%) is higher than the one for flour
apatite(2.02wt%)[34]. The other possibility is changing
the band length by adding fluoride in a way that more
titanium could substituted in structure of fluoridated
hydrxy apatite without changing the position of it. In
this case, the electronegative fluoride and Ca(Il) atoms
possess strong and shorter bond length and this will
make the Ca(I) octahedron and phosphate locations
more hospitable for titanium.

The results of zeta potential of the samples at pH=7.9
are shown in Figure 6. As it is seen in this figure, pure
apatite structure has negative charge on the surface and
by introducing titanium it become positive. Positive
charge of the surface increases in TIHApF0.25 sample
and it decreases again in TiHApF0.75.

In pure HAp anions such as HPO,> and also unsatisfied
oxygen ion charged [35]lead to negative charge of the
surface. By adding titanium some part of the titanium
ions absorb on the surface. Since, not all of the titanium
substituted in apatite structure and this situation will
cause the existence of extra Ca>" ions in the solution and
adsorbing of Ca®*, Ti*" and other Ti containing cationic
groups made the surface charge positive. On the other
hand, substituted titanium changes the cell parameters

and also broadening and shifting of Raman peaks. In
low concentration fluoride surface charge doesn’t
change significantly.
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Figure 6. Zeta potentials of the samples at pH 7.9.

By increasing the fluoride amount in TiHApFO0.75 the
high electronegativity of fluoride might cause the
affinity toward positively charged ions on the surface of
the apatite, increasing the Ti concentration on the
hydrated layer and increase the probability of the
trapping of the Titanium ions by hydroxyl apatite during
the maturation time and changing the position of the
substituted titanium.

Figure 7. shows SEM micrographs of the different
samples. It is obvious that neither titanium nor fluoride
changed the morphology of the particles

C

Figure 7. SEM images of the samples: a) HAp, b) TiHAp, ¢)
TiHApF0.25, d) TiHApF0.75.

4. CONCLUSIONS

Titanium-containing hydroxyl apatite with two of
concentrations of fluoride were synthesized and
characterized. XRD, Raman and FTIR results showed
that titanium incorporated to hydroxyl apatite structure.
Calculating the cell parameters indicated the increasing
of the cell parameter “a” by titanium introduction and
decreasing of this parameter in TiHApF0.25 and
increasing again in TiHApF0.75. Raman shift of the
phosphate v; peak in TiIHApF0.75 also showed different
changes from TiHApF0.25. Different position of the
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titanium in the fluorohydroxy apatite and hydroxyl
apatite could explain these results.
Zeta potential of pure apatite was negative while other

three samples had positive

surface charges. The

morphology of hydroxyl apatite was not changed by
adding Titanium and fluoride.
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