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ABSTRACT

Calcium phosphate biomaterials can be classified as polycrystalline ceramics.
Hydroxyapatite is one kind of calcium phosphate biomaterials which is also a mineral
component in hard tissue, especially dental and bones. Hydroxyapatite has low chemical
stability at high temperatures and low durability in an acidic environment. On the other
hand, fluorhydroxyapatite has good chemical stability at high temperatures as well as the
nature of its bioactivity. Fluorhydroxyapatite is made by adding F to replace some OH
functional groups in hydroxyapatite. In this research, fluorhydroxyapatite was synthesized
through precipitation method and microwave assistant with sintering temperatures of
600°C, 800°C, and 1000°C. Based on the characterization using an x-ray diffractometer, the
results showed that at 1000°C sintering temperature, the samples have a higher intensity of
fluorapatite and fewer impurities than other samples sintered at 800°C and 600°C. Fourier
Transform Infra-Red (FTIR) analysis shows that similar functional groups appeared in the
samples with all sintering temperatures. Conductivity evaluation shows that the
conductivity values of the samples were inversely proportional to the sintering
temperatures. The morphology of the samples not so clearly seen due to agglomeration, but
it can be observed that fluorhydroxyapatite is flat-shaped needle-like or rod-shaped.
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1. INTRODUCTION

Calcium phosphate materials are widely applied as biomaterials [1], adsorbents [2], materials for
drug delivery [3], materials in chemical engineering and agriculture [4], and fiber reinforcement
[5, 6, 7]. All calcium phosphate compound that is currently developed has a polycrystalline
structure. This structure is derived from single-crystals which are very easily oxidized, then form
crystalline grains through the sintering processes [8]. Among these are hydroxyapatite [9], beta-
tricalcium phosphate [10], tricalcium phosphate [11] and calcium phosphate itself [12].

Hydroxyapatite is one kind of calcium phosphate functioning as a mineral component in hard
tissue, especially dental and bone tissue [13, 14, 15]. Synthetic hydroxyapatite is a biomaterial
that is most often used in the field of biomaterial science, to repair hard tissue [14] such as teeth
and bones due to its osteoconductive [15, 16] and high bioactive properties [17]. On the other
hand, hydroxyapatite has low chemical stability at high temperatures. This is indicated by the
appearance of other phases besides hydroxyapatite such as tricalcium phosphate and octa
calcium phosphate [18]. High dissolution conditions in a biological environment and low
resistance to damage in an acidic environment are also other characteristics of hydroxyapatite
[13].
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Fluorhydroxyapatite is a very unique material. This material is basically hydroxyapatite but some
OH functional groups are replaced by F ions. Hydrogen ions contained in hydroxyapatite are in
the gap of atoms adjacent to oxygen ions so that they form OH-groups that are randomly oriented
causing a disturbance in the hydroxyapatite structure. When this OH-group is partially
substituted by F ions, they will produce a neatly arranged apatite structure that increases
chemical stability and thermal stability of the apatite structure. When the F ion concentration in
the fluorhydroxyapatite reaches 50%, this causes a loss of interference with the hydroxyapatite
crystal structure [18]. Hence, making the fluorhydroxyapatite a promising material for increasing
the stability properties of hydroxyapatite in biomedical applications [14, 19]. In its development,
fluor is one of the most studied material in dental restoration problems because of its nature
which can prevent dental caries caused by bacteria and acidic environments [20]. In addition,
fluor can also increase mineralization and crystallization in bone formation [13, 20, 21].

Fluorhydroxyapatite can be synthesized by several methods such as wet chemical technique [18],
solid-state reaction [22], pH-cycling method [23], plasma spray process [19], mechanochemical
reaction [24] and sol-gel [25]. In this study, we reported synthesize and characterization of
fluorhydroxyapatite through precipitation method and microwave assistant with a range of
sintering temperatures. The use of microwaves in the synthesis of fluorhydroxyapatite may
increase efficiency and, therefore, reduce the cost. This method is effective and selective since the
power and holding time may be varied so that affects the speed of reaction [26]. The sintering
process is the most important part because it plays a role in the density of fluorine in the
formation of fluorhydroxyapatite [27]. Therefore, variations in sintering temperatures are
needed to determine the most optimum sintering temperatures in the synthesis of
fluorhydroxyapatite.

2. EXPERIMENTAL SECTION
2.1 Materials and Methods

Synthesis of fluorhydroxyapatite was carried out using the precipitation method. CaO powder
obtained from the calcination of chicken eggshells [28] was deposited into a beaker glass and 100
ml distilled water was added to make 0.5 M concentration. 0.3 M H3PO, solution was mixed with
NH4F solution with a molarity ratio [P]/[F] of 4. In order to obtain the composition of
Ca10(P04)6F1.50Hys, a total of 50 ml of 0.3 M H3P0O. and 50 ml of NH4F solution were then dropped
into CaO suspension accompanied by a stirring process during the precipitation process at a
speed of 300 rpm. Then the suspension was put into a microwave oven and exposed to 200 W
microwave irradiation for 45 minutes. After the microwave irradiation processes, the samples
were then dried at 100°C using a furnace for 45 minutes and then sintered with variations in
sintering temperatures of 600°C, 800°C, and 1000°C for 2 hours.

2.2 Analysis and Characterization

Samples obtained were characterized and analyzed using XRD, FTIR, SEM and LCR Meters. X-ray
diffractometer (X-ray diffraction (XRD) Shimadzu XRD-7000, and Rigaku MiniFlex) was used to
determine the phase and parameters of the lattice. The data taken are in the 26 interval of 10° to
80° with a scan speed of 0.05 and time per step of 1 second. Data obtained from XRD analysis are
in the form of diffraction peaks which are then matched with literature data, namely the Joint
Committee on Powder Diffraction Standard (JCPDS) numbers 15-0876 (Fluorapatite) and
number 09-0432 (Hydroxyapatite). It is worth mentioning that the fluorhydroxyapatite structure
shown in the XRD results is the transition structure from hydroxyapatite to fluorapatite.
Unfortunately, the structure of carbonate substituted by F is not found in the ICDD database [18].
Fourier transform infrared spectroscopy analysis using Perkin Elmer Spectrum One FT-IR
Spectrometer was carried out by means of 1 mg of the sample mixed with 300 mg KBr and then
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formed into transparent pellets. These pellets were then analyzed using FTIR with a wavenumber
range of 400 to 4000 cm-1.

Samples that will be characterized using SEM firstly should be coated with gold using the
sputtering method. The sample was then tested using SEM (JEOL JSM-6510LA) with an
acceleration voltage of 15 kV. Conductivity of the samples was measured by using a HITESTER
3522-50 LCR Meter. The measurement was carried out using a frequency interval of 50 Hz to 5
MHz. The sample to be tested was placed between two electrodes. The electrode was connected
to the LCR meter for scanning using the probe.

3. RESULTS AND DISCUSSION
3.1 The XRD Characterization

Figure 1 shows the XRD patterns of the samples. From the figure, it can be seen that all samples
show the presence of the fluorapatite phase but with different intensities. The higher sintering
temperature shows the fluorapatite phase dominates. This proves that fluorine ions have
substituted some of the hydroxyl groups in hydroxyapatite to form fluorhydroxyapatite [14]. It
may be said that the fluorhydroxyapatite structure shown in the XRD results is the transition
structure from hydroxyapatite to fluorapatite. Unfortunately, the structure of carbonate
substituted by F is not found in the JCPDS database.
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Figure 1. XRD spectra for all samples with variations in sintering temperatures of 600°C,
800°C, and 1000°C.

The Ca(OH): phase appears from the three samples with high intensity. For samples with the
600°C sintering temperature, the highest peaks owned by Ca(OH),, although the majority phase
is still owned by the fluorapatite. The Ca(OH); phase in each sample decreases in intensity as the
sintering temperature increases. It shows that the higher the sintering temperature used, the
more fluoride ions will replace the hydroxyl group. In addition, the CaO phase also appears in the
sample. Actually, this phase also exists in all samples as Ca(OH): as shown by the results of the
FTIR test in Figure 2. However, on the XRD patterns, it only appears at a temperature of 1000°C.
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Figure 2. FTIR spectra for all samples with variations in sintering temperatures of 600°C,
800°C, and 1000°C.

3.2 FTIR Evaluation

The functional groups in the sample with three different sintering temperatures (600°C, 800°C,
and 1000°C) are shown in Figure 2. All three samples show that they have the same functional
groups. The infrared spectral assignments for fluorhydroxyapatite with various sintering
temperatures are given in Table 1. Specific (OH..F) functional groups possessed by
fluorhydroxyapatite from all samples can be observed around the wavenumber 3540 cm-1. This
shows that the hydroxyl group on hydroxyapatite was partially replaced with fluoride ion. OH-
stretching mode shifts to the new band produced by a bond of OH...F. This proves that there is an
interaction of OH...F in the compound [23]. Furthermore, the results of FTIR spectroscopy can be
used to measure fluorine levels in the fluorhydroxyapatite sample [29]. The intensity of the
stretch OH band in the region of 3480-3650 cm-1 can be used to measure fluorine levels in the
fluorhydroxyapatite sample. The intensity of OH stretching band (s) in the 3480-3650 cm- !
region can be used to estimate the number of fluoride ions in fluorhydroxyapatite samples. At the
concentrations of about 75% this band centers at 3547 cm- 1, while at the concentration of 50%
and lower its center lies near 3541 cm- 1. The OH functional group ...F of the three samples appears
at wavenumbers of 3548 cm-1, 3546 cm-1, and 3544 cm-! which may indicate that at least 75%
of the hydroxyl groups have been replaced by fluorine ions. This is in accordance with the ratio
of concentrations of P and F used to obtain the chemical formula of fluorhydroxyapatite namely
Ca10(P0O4)6OHo5F15

There is a functional group of CaO at a wavenumber of approximately 3644-3646 cm-! of all
samples. The same was found in a similar study by Joughehdoust et al. [30]. His results also
indicate the presence of CaO impurities in the synthesis of fluorhydroxyapatite. This data
supports the x-ray data which shows the presence of CaO phase in all three samples.

In addition, the carbonate functional groups also appeared from the three samples around the
wavenumber 1420 cm-l. This is possible because of carbon dioxide contamination from the
atmosphere towards the samples.
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Table 1 Assignments and frequencies (in cm-1) of bands in infrared spectra of Fluorhydroxyapatite with
variations in sintering temperatures of 600°C, 800°C, and 1000°C.

Infrared Frequency (cm™) of
Literature 600°C 800°C 1000 °C

OH 744[31] 744 748 748
v3 PO, 1048[31] 1039 1048 1048
v, PO 970[31] 965 965 967
CO,> 1473[31] 1465 1476 1474
v, PO, 568[31] 566 566 576
[31]
[31]
[32]
[31]

Assignment

v, P0O,> 605[31] 606 609 606
HPO,” 870[31] 868 867 878

CaO 3640 [32] 3644 3645 3646
OH..F 3546 [31] 3548 3544 3545

3.3 Conductivity Evaluation

Figure 3 shows the conductivity value of each sample. It can be seen that the higher the sintering
temperature, the lower the conductivity of the sample. This shows that at higher purity of
fluorhydroxyapatite, the conductivity value decreases, or it can be said that fluorhydroxyapatite
material is a non-conductive material and therefore another treatment is needed to make
fluorhydroxyapatite material become a conductive material. In addition, from all samples, it can
also be seen that the conductivity increases with frequency. Theoretically, conductivity occurs
because of ion jumps. In fluorapatite, the conduction mechanism is related to the release of
fluoride ions along the c-axis in translation from the unit cell to the lattice in the interstitial state
and back again. The fluoride ion must move to another position by forming a defect, where this
defect can occur through thermal activity such as the Schottky defect which requires high
activation energy due to the nature of the stoichiometric fluorapatite material [33].
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Figure 3. Conductivity as a function of frequency for three samples with variations in sintering
temperature of 600 °C, 800 °C and 1000 °C.

At high frequency, conductivity and frequency have a linear relationship. This may be explained
by the theory that the frequency response is in accordance with the resistor-capacitor (RC) model.
The ion contained in the material is a complex network of the conductive and capacitive state.
Conductivity analogous to a resistor that is independent of frequency, while the AC conductivity
of the capacitive state is linearly related to the frequency (analogous to a capacitor, since g, =
2nfC) [34].
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3.4 SEM Analysis

The microstructure of the sample was observed through SEM testing results. Figure 4 shows the
results of SEM micrographs. It can be seen that the morphology of the samples cannot be clearly
seen due to agglomeration, but it can be observed that fluorhydroxyapatite is flat-shaped needle-
like or rod-shaped. The same structure was found by Nathanael et al. [35] at the same
temperature which is also rod-shaped. Sintering temperatures do not seem to affect the
morphology. Research conducted by Khan et al. [36] at a temperature of 800°C and Eslami et al.
[18] at a temperature of 1000°C, both produced rod-shaped fluorhydroxyapatite. Rod-like or
needle-like shaped is needed because that shape that will fit in natural bone tissues [37].

Figure 4. SEM micrograph for a sample with a sintering temperature of 600°C.

4. CONCLUSION

Fluorhydroxyapatite was synthesized through precipitation method and microwave assistant
with varied sintering temperatures. The XRD results indicate that all samples show the presence
of the fluorapatite phase but with different intensities. The samples sintered at higher sintering
temperatures show that the fluorapatite phase dominates. The Ca(OH). phase appears from the
three samples. The Ca(OH). phase in each sample decreases in intensity as the sintering
temperature increases. The XRD results also show that at higher sintering temperatures, more
fluoride ions replace the hydroxyl group. FTIR results show that the three samples have almost
the same functional groups. Conductivity evaluation shows that the higher the sintering
temperatures applied, the lower the conductivity value of the samples obtained. The morphology
of the samples cannot be clearly seen due to the agglomeration. Despite that, it can be observed
that fluorhydroxyapatite is flat-shaped needle-like or rod-shaped.
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