International Journal of Nanoelectronics and Materials @ _GN IVERSITI
Volume 12, No. 3, July 2019 [357-362] \ MALAYSIA
l! mnp PERLIS

Influence of Ca/P Concentration on Hydroxyapatite (HAp) from Asian
Moon Scallop Shell (Amusium Pleuronectes)

Firda Yanuar Syafaat and Yusril Yusuf *

Department of Physics, Faculty of Mathematics and Natural Science, Universitas Gadjah Mada, Sekip Utara,
Yogyakarta 55281, Indonesia.

Received 18 May 2018, Revised 30 August 2018, Accepted 13 March 2019

ABSTRACT

Hydroxyapatite (HAp) derived from the scallop shell was successfully prepared using a
precipitation method and varying the Ca/P concentration. Scallop shells were calcined at
1000°C to produce CaO. The precursors were a Ca(OH); suspension and an H3PO, solution,
and the HAp was synthesized by mixing the two precursors and calcining at 1050°C. The
aim of this study was to investigate the effect of Ca/P concentration. Samples were
characterized by XRD, SEM-EDX, and FTIR. The XRD patterns indicated an increase in
crystallinity with increasing Ca/P concentration ratio. The lattice parameter and the
density values of the 0.5/0.3 sample approached the theoretical value. The crystallite sizes
of HAp powders ranged from 79.750 #+ 0.066 to 90.932 + 0.071 nm. The Ca/P ratios of
0.5/0.3 and 1/0.6 were 1.68 and 1.67. The FTIR spectra confirmed the presence of
functional groups of PO+ and OH-.
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1. INTRODUCTION

The scallop, Amusium pleuronectes, is a shellfish species of the Pectinidae family endemic to
tropical seabeds [1]. It is an abundant species that is easy to find in many places in Indonesia.
The shell of this scallop contains 96.15% calcium oxide (Ca0) [2], making it an excellent source
of calcium for hydroxyapatite (HAp) synthesis.

Hydroxyapatite (chemical formula Ca10(P04)sOHz) is a calcium-phosphate mineral phase with a
Ca/P ratio of 1.67 [3,4] that shows good bioactivity, biocompatibility, and osteoconductive
properties [5]. Their bioactivity, biocompatibility, and osteoconductivity are demonstrated by
the ability to stimulate new bone ingrowth around implants, to perform an appropriate
response, and to provide a correct scaffold for bone formation [4-6].

HAp can be synthesized by several methods that can involve precipitation [7], hydrothermal [8],
sol-gel [9], or solid-state reactions [10]. The method chosen in the present research was a
precipitation method, as it is easily performed, requires no special equipment, and can be
conducted at low temperatures [10,11]. Several factors affect the process of HAp synthesis
through this method, including the reactants involved in the synthesis process, their
concentrations, the pH of the reaction solution, and the calcination temperature [12].

HAp is not formed directly; rather, its synthesis occurs through several phases involving
previously formed compounds, such as dicalcium phosphate dihydrate (DKFD) and octacalcium
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phosphate (OKF). Conversion of DFKD to OKF takes about 60 s, whereas conversion of OKF to
HAp takes at least 100 hours. According to Czernuszka, this long formation time is due to the
concentration of calcium and phosphate ions (2.4 mM) and the pH (pH 7.4) of the reaction
mixture. The higher the initial concentration of calcium and phosphate ion, the higher of
crystallinity and the faster of forming the time of HAp [13]. Therefore, knowledge of the
optimum ratios of Ca/P is needed to obtain HAp with good purity and the desired properties.
The aim of the present study was to investigate the effects of varying the Ca/P concentration
ratio on HAp synthesized by the precipitation method.

2. METHODS
2.1 Preparation of CaO

The raw material used for the manufacture of CaO was scallop shells. The shells were cleaned
and then dried in an oven at 100°C for 1 hour. The shells were smoothed with a ball mill and
then calcined at 1000°C for 5 hours in a furnace.

2.2 Synthesis of Hap

Ca(OH)2 and H3PO4 were used a calcium and phosphorous precursors, respectively. Ca(OH)>
suspension was obtained from the reaction between CaO of the scallop shell and H:0, as seen in
Equation 1.

Ca0 + H,0 - Ca(OH), (1)

The starting concentration of Ca(OH), was 0,5 M, 1 M, and 1,67 M, whereas HzP0O, was added
dropwise into the Ca(OH): suspension and the resultant mixture was heated at 602C. The
NH4OH solution was added to the mixture of Ca(OH). and H3PO, if the pH was less than 9. The
solution was allowed to the precipitate for 24 hours at room temperature. After this, the
solution was stirred for 30 minutes. The resultant of stirring was filtered and dried at 1002C.
The dried powder was calcined at 10502C.

2.3 Characterization of Hap

The HAp was characterized by X-ray diffractometry (XRD), Fourier transform infrared (FTIR)
spectroscopy, scanning electron microscopy (SEM), and energy dispersive X-ray (EDX)
spectroscopy. XRD was used to determine the crystalline phases, the lattice parameter, the
density, and the crystallite size of the HAp. The obtained crystalline phases were compared
against the Joint Committee on Powder Diffraction Standards (JCPDS). FTIR was used for the
identification of functional groups and interactions between molecules. SEM was used to view
the morphology of the particles, and EDX was used to determine the mass percentage of the
elements to obtain the Ca/P ratio of the HAp.

3. RESULTS AND DISCUSSION
3.1 Calcination of a Scallop Shell

Table 1 The mass efficiency of a calcined scallop shell

Mass (gr)
Before calcination After calcination
55.215 31.464 56.98

Efficiency
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The efficiency of shell mass conversion after calcination is shown in Table 1. Mass Conversion in
Table 1 indicates a reduction in shell mass after calcination. This reduction occurs because the
shell undergoes decomposition that caused by the heat[14]. Water is physically adsorbed at 90-
120°C, the decomposition of magnesium carbonate (MgCO3) and hydrocarbon combustion
occurs at 250-400°C, the decomposition of CaCO3 occurs at 750-850°C, and the decomposition
of CaCOs3 to CaO occurs at 1000°C [15]. The reaction of the calcination process is shown in
Equation 2.

CaC0O; - Ca0 + CO, T (2)
The reaction in Equation 2 is known as a thermal decomposition reaction. the atom moves
rapidly and causes the chemical bond of CaCOs; to decompose into CaO and CO; when the

compound is heated.

3.2 Characterization of HAp from a Scallop Shell

O HAp — O
& Apatit Karbonat Tipe-B (iii) 1,67:1

Intensity (a.u.)

25 30 35 40 45 50
20 (deg.)
Figure 1. XRD pattern of HAp with Ca/P concentration (i) 0.5:0.3, (ii) 1:0.6, and (iii) 1.67:1.

The crystal phase was identified by XRD, and the resulting peak pattern was compared to the
JCPDS standard reference for HAp (JCPDS 9-432). The XRD pattern for the HAp sample, after
sintering at 1050°C, is shown in Figure 1. All the samples showed peaks corresponding to HAp.
However, the XRD pattern shows the presence of B-type carbonate apatite, and this peak
increases as the Ca/P concentration ratio increases. In general, the carbonate apatite in HAp
exhibits a higher resorbability and better osteoconductive properties than does pure HAp [16].
However, the high content of B-type carbonate apatite causes too much absorption in the
human body and degrades the strength of artificial bone replacements [17].

The crystallinity of HAp increases as the concentration ratio increases, and this increased
crystallinity is characterized by increasing diffraction peaks[18], as indicated in Figure 1, where
the HAp peak becomes sharper and narrower. Syafaat and Yusuf also confirmed that HAp
crystallinity is better for HAp with a high concentration ratio than with a low concentration
ratio [19].
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Table 2 Lattice parameter, density, crystallite size, and Ca/P ratio of Hap

Sample a (I:&a)ttlce Paracr‘n((gt)e r Density (gr/cm?3) Crystallite size (nm) Ca/P ratio
0.5/0.3 9.413 6.878 3.17 79.750 + 0.066 1.68
1/0.6 9.361 6.841 3.22 87.198 + 0.091 1.67
1.67/1 9.298 6.792 3.29 90.932 +0.071 2.08

HAp has a Ca/P ratio of 1.67 and a density value of 3.16 (gr/cm3) [20]. The synthesized HAp has
a hexagonal crystal structure with a symmetry distance between the P63/m groups and the
lattice parameters of a=b=9.418 A c=6.881 A, and y=120 [21]. As shown in Table 2, the value of
the lattice parameters and the density that approximates the theoretical result is the HAp
sample with the concentration ratio of 0.5/0.3. The corresponding Ca/P ratio, in theory, is the
Ca/P ratio of HAp with a concentration of 0.5/0.3 and 1/0.6.

Table 2 shows that the lattice parameters a and b become smaller as the concentration ratio
increases. This shrinkage will occur because the porosity of the surface becomes smoother [22].
By contrast, the density and crystallite size of the HAp increases when the Ca/P concentration
ratio increases.
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Figure 2. FTIR spectrum of HAp at Ca/P concentration (i) 0.5:0.3, (ii) 1:0.6, and (iii) 1.67:1.

The functional groups and interactions between molecules were identified by FTIR. The FTIR
spectrum of the HAp sample after sintering at 1050°C is shown in Figure 2. According to
Mobasherpour et al., HAp has main peaks of PO43- and OH- [23]. Therefore, the final formed
sample was confirmed as HAp with Ca/P concentration of 0.5/0.3. A sample with a Ca/P
concentration ratio of 1/0.6 indicates the presence of a functional group of COs2-. The presence
of CO3% is due to the replacement of the functional group of PO43- with the functional group of
CO32- [24].
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Figure 3. SEM of HAp at Ca/P concentration (i) 0.5:0.3, (ii) 1:0.6, and (iii) 1.67:1.

The morphology of the HAp sample after sintering at 1050°C, as determined by SEM, is shown in
Figure 3. The SEM images for HAp with Ca/P concentration ratios of 0.5/0.3 and 1.67/1 indicate
that the HAp particles have a uniform size and a regular shape. By contrast, the HAp with a Ca/P
concentration ratio of 1/0.6 shows the presence of spherical agglomerates formed by small
round grains. morphology of particles in HAp with a low ratio of Ca/P concentration (0.5/0.3
and 1/0.6) is a spherical shape as opposed to the morphology of particles in HAP with a high of
Ca/P concentrations is an elongated shape.

4. CONCLUSION

The HAp synthesized with varying concentrations of the reactants were characterized by XRD,
FTIR, and SEM-EDX. The Ca/P concentration ratio affected the final crystallinity, lattice
parameter, density, crystallite size, Ca/P ratio, size, and shape of the HAp, as well as its
functional groups. A higher concentration of Ca/P resulted in higher HAp crystallinity, density,
and crystal size. The lattice parameters of HAp show shrinkage when the Ca/P concentration
ratio increases.
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