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Abstract. Synthesis of hydroxyapatite shells of blood clams (4nadara granosa) has been carried out using the
precipitation method. This research was conducted to determine the effect of variations in sintering temperature on the
synthesis of hydroxyapatite blood clam shells, namely 700, 800, 900, and 1000°C for 5 hours. Characterization was
carried out using XRF, FTIR, XRD and testing the mass efficiency of hydroxyapatite. The XRF analysis showed that the
blood clam shells was 99.92% CaCOs before calcination and 99.49% CaO after calcination. The hydroxyapatite contains
chemical compounds, namely CaO and P20s, with a CaO/P20s ratio of 1.51 - 1.77. The functional groups of phosphate
(PO4*), hydroxyl (OH"), and carbonate (CO3%*) were observed in the FTIR of hydroxyapatite. These functional groups
indicate that hydroxyapatite has been formed at each temperature variation. The XRD analysis showed that
hydroxyapatite has a hexagonal crystal structure. This result is the same as the crystal structure of commercial
hydroxyapatite. The purity of the hydroxyapatite produced is not optimum because there is still a secondary phase of
HAp decomposition. At a temperature of 1000°C, the average value of the hydroxyapatite crystal size is 15.40 nm.
Hydroxyapatite efficiency value decreased with increasing sintering temperature.

INTRODUCTION

The development of research is growing along with the increasing development of technology, one of which is
the development of research in the field of materials which has been proven to provide enormous benefits in human
life. The utilization of natural materials and wasted waste makes research in materials develop rapidly due to the
availability of abundant materials at low costs. One of the fields of material that is widely used as the object of
research at this time is bio-ceramics. Bio-ceramics are widely developed because they have many advantages,
including resistance to high temperatures and easy-to-obtain materials. They have several uses widely applied in the
health sector, one of which is an implant or replacement organ [1,2].

One of the synthetic materials being developed is hydroxyapatite bio-ceramic. Hydroxyapatite (HAp) is a
calcium phosphate compound that has the molecular formula Caio(PO4)s(OH). [3,4]. HAp is widely used in
biomedical applications, especially as bone substitutes and dental restorative materials, because of its good
biocompatibility, non-toxicity, environmental friendliness, good bioactivity, and osteoconductivity [5,6]. In addition,
the structure of HAp is chemically similar to the mineral phase of human bone and teeth [2,7]. The synthesis of
hydroxyapatite can be carried out by several methods, namely the precipitation method, hydrothermal method,
double emulsion technique, and the sol-gel method [8-11]. The synthesis method that can be used in this research is
the precipitation method. This method is widely used because the process is simple, low cost, relatively simple
chemical reactions, and the homogeneity of the particle size obtained tends to be quite good [5, 12-13].
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Hydroxyapatite can be synthesized from natural materials, namely egg shells, clam shells, coral, and animal
bones [14]. As a maritime country, one of the natural ingredients that can be developed into hydroxyapatite in
Indonesia is blood clam shell waste (Anadara granosa) [15]. Blood clam shell waste (4dnadara granosa) is rich in
calcium carbonate (CaCOs), which is about 98% and potential for hydroxyapatite (HAp) source of calcium [3].

The sintering process is a process that affects the synthesis of hydroxyapatite [16]. The sintering process is
heating (burning the material) without exceeding its melting point [14]. Based on previous research, HAp that
undergoes a sintering process forms a very coherent bond with bone tissue [17]. The grain size, porosity,
calcium/phosphorus (Ca/P) ratio, and mechanical properties of bio-ceramics are affected by the sintering
temperature [6]. The sintering temperature for HAp can reach 1250°C [18].

MATERIALS AND METHODS

The materials used in this study were: Blood clam shells (Anadara Granosa), diammonium hydrogen phosphate
((NH4)2:HPO.,), and distilled water.

The blood clam shells were cleaned using clean water to remove organic matter, and dirt adhering to the shells,
then dried for 6 hours. The cleaned shells were crushed using a hammer into small flakes, then crushed again by
grinding using a mortar to form smaller particles in a blender to form fine powder particles. The blood clam shell
powder was then sieved using a 200 mesh sieve. Then it was calcined at 900°C for 5 hours to get CaO powder.

About 2.83 grams of CaO powder and 3.97 grams (NH4),HPO, mixing by precipitation method. The CaO
powder was dissolved in 100 mL of distilled water then stirred at a speed of 350 rpm using a magnetic stirrer for 10
minutes, marked as the first solution. ((NH4),HPO4 was dissolved with 100 mL distilled water and stirred at 350 rpm
using a magnetic stirrer for 10 minutes, marked as the second solution. The deposition method is carried out by the
titration method. The second solution drops into the first solution at a flow rate of 10 ml/minute and is stirred with a
magnetic stirrer using a speed of 350 rpm until the solution homogeny. The homogeny solution of (NH4),HPO;, is
then covered with aluminum foil and kept for 18 hours. The precipitate solution was filtered using Whitman paper,
washed with distilled water, and then heated at 110°C for 3 hours. The sintering process was carried out at 700, 800,
900, and 1000°C for 5 hours.

Hydroxyapatite mass efficiency was calculated using the formula [19]:

hydroxyapatite mass after sintering

Hydroxyapatite mass efficiency (%) = x 100% €]

initial mass of calcium and phosphoric acid

The chemical composition of blood clam shell (4rnadara Granosa) was carried out using X-ray fluorescence
(XRF) for before and after calcination, and the functional groups of HAp were analyzed using Fourier Transform
Infrared (FTIR). The structural properties, including crystallite size and lattice parameters, were analyzed from the
X-Ray Diffraction (XRD) spectra. The crystallite size calculated using the Scherer's equation as follows [20]:

09
B cosB

)

RESULTS AND DISCUSSION

X-Ray Fluorescence (XRF) Analysis

Blood clam shells were used as raw material in the preparation of hydroxyapatite. Based on research that
Awang-Hazmi has carried out at el. blood clam shells used as raw materials for the synthesis of hydroxyapatite have
a high calcium content in the form of calcium carbonate (CaCOs3), which is 98.7% [21]. XRF analysis results show
that the largest content of the blood clam shells is 99.92% of CaCOs and 0.08% of other chemical compositions. The
high calcium content in blood clam shells makes this material very potential to be used as raw material for the
synthesis of hydroxyapatite.

Calcination of clam shell powder at a temperature of 900°C for 5 hours using a furnace aims to convert CaCOs
compounds into CaO, with the reaction equation [22]:
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CaCO; — Ca0 + CO, 1 3)

Calcination can also remove organic compounds and impurities that interfere with the formation of HAp [16,
23]. The results obtained are white powder with a calcium oxide (CaO) content of 99.49% and other chemical
compositions of 0.51%. The presence of oxide compounds other than CaO is caused by other compounds that react
when the synthesis process is carried out [24].

The hydroxyapatite based on blood clam shells (Anadara granosa) using the precipitation method for various
sintering temperatures has been successfully carried out. The reaction equation for the formation of the compound
HAp is illustrated by a chemical in the following equation [4]:

10Ca(OH)z+6(NH4)2HPO4(S) +2H20(aq) - Ca10(PO4)6(OH)2(S) +12 NH4OH(aq) + 6H20(aq) (4)

TABLE 1. Results of XRF analysis of HAp powder (RT is room temperature).

Temperature Oxide compounds Ratio
CaO P20s Sro Other CaO/P20s

RT 60.08 39.72 0.10 0.09 1.51

700 °C 60.58 39.23  0.18 0.01 1.54

800 °C 62.94 36.87 0.18 0.01 1.70

900 °C 63.70  36.02 0.21 0.07 1.77

1000 °C 63.58 36.03 0.24 0.15 1.76

The resulting hydroxyapatite composition contains the main chemical compounds, namely CaO and P,Os, with
the ratio of 1.70 from hydroxyapatite with a sintering temperature of 800 C, which is closest to the stoichiometric
CaO/P,0s ratio of hydroxyapatite, which is 1.67 [25]. The key factor that causes deviations in the CaO/P,0Os ratio of
stoichiometry is the sintering temperature which is typical for bioceramics [26].

Fourier Transform Infrared (FTIR) Analysis

The FTIR spectra of samples with varying sintering temperatures of 700, 800, 900, and 1000°C are presented in
Figure 1. Hydroxyapatite contains OH- group, COs* group, and PO4+* group [27].

=]
1000 C

V-

Transmittance (%)

T T T T T T T T T T T T T T
4000 3500 3000 2500 2000 1500 1000 500

Wavenumber (cm’l}

FIGURE 1. FTIR spectrum of hydroxyapatite of blood clam shells at various sintering temperatures.
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TABLE 2. Wave Number Result from the FTIR Spectrum

‘Wave Number (cm-1)

Functional groups

700°C 800°C 900°C 1000°C
565,580,608 565,580,608 565,580,608 565,580,608 PO4 asymmetry bending
1045, 1091 1045, 1091 1045, 1091 1045, 1091 POs* asymmetry
stretching
3564 3564 3564 3564 OH"
1450 1450 1450 1450 COs*

The spectrum for samples with various variations in sintering temperature showed the presence of an OH" group
absorption band at a wavenumber of 3564 cm™!. Venkatesan and Kim reported that the peak at wavenumber 3300-
3600 cm™! corresponded to the hydroxyl group [28]. The absorption band of the phosphate group (PO4*) has
stretching asymmetric vibrations, visible at wavenumbers from 1045 cm™ to 1091 cm™. The bending vibration band
of PO4* group at the wavenumbers 565 cm!, 580 cm™ and 608 ¢cm™’. Mondal et al. reported the hydroxyapatite
compounds at the wavenumbers of 1000-1100 cm’!, stretching asymmetric and bending asymmetric vibrations of
PO,* at wavenumbers 576.30 cm™ [29]. Walendra (2012) stated PO4> and OH" groups that appear with sharper
peaks indicate a higher absorption intensity. The higher the absorption intensity, the more PO4>- and OH- content so
that the crystallinity level is getting better, which means that the hydroxyapatite obtained is getting better. The
detection of the OH- and PO4* groups became the initial benchmark that hydroxyapatite in this study was formed at
every temperature variation [30].

The synthesized carbonate (COs2) absorption band was detected at a wavenumber of 1450 cm™'. Venkatesan and
Kim stated that the absorption bands detected at wavenumbers 1414 cm™ and 1457 cm™! were carbonate groups [28].
The presence of carbonate ion cannot be avoided as long the HAp synthesis process is carried out in the room with
open-air [31]. In general, the carbonate groups found in synthetic hydroxyapatite will replace hydroxyl or phosphate
ions. This will result in a HAp of a different type than desired. The carbonate that replaces the OH  group will
produce type A hydroxyapatite carbonate. Besides that, it can form type B hydroxyapatite carbonate when the
carbonate replaces the PO4> group [32].

X-Ray Diffraction (XRD) Analysis

XRD analysis was performed to determine the crystallinity of the sample. The XRD spectrum of the
hydroxyapatite compound without sintering and the different sintering temperature variations of 700, 800, 900, and
1000°C are shown in Figure 2. Based on the XRD curve of the sample without sintering, the HAp phase formed is 20
= 44.332° with a value of hkl (400) adapted to Joint Committee on Power Diffraction Standards (JCPDS) no. 01-
072-1243. In addition to HAp in the hydroxyapatite sample without sintering, there was another phase, namely A-
type carbonate apatite (AKA). The results in this study are similar to the study reported by Balgies et al. (2011) for
the emergence of AKA at the low temperature of 110°C [33].
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Figure 2. Hydroxyapatite XRD curve without sintering and sintering temperature variations 700, 800, 900, and 1000°C.

The results of the analysis of hydroxyapatite samples with a sintering temperature of 1000°C contained the
hydroxyapatite phase at the peak of 20 = 32.195° 32.897°; 34.063°; 42.325° and 43.876° which correspond to
JCPDS card no: 01-074-0566 with hkl values (112), (300), (202), (302) and (113) respectively. The results of the
diffractogram of HAp synthesis using the precipitation method showed that the dominant phase formed was
hydroxyapatite, which was seen at the peaks of high and low-intensity angles. The crystal structure of HAp is
hexagonal with lattice parameters is a = b = 9.4240 and ¢ = 6.8790, which is similar to the crystal structure of
commercial HAp [34]. The purity of the resulting HAp is not yet optimum because there is still a secondary phase of
HAp decomposition. The secondary phase consists of other compounds such as Ca(OH) and tri-calcium phosphate
(TCP) [35,36]. Other research conducted by Kamalanathan et al. found the emergence of a secondary phase due to
insufficient use of calcium or phosphorus precursors [37]. At temperature 1000°C, Ca(OH), was detected at
26=33.990° (JCPDS card no: 01-076-0570). Meanwhile, tricalcium phosphate for a temperature of 1000°C was
detected at an angle of 26=40.227° (JCPDS card no: 01-070-0364).

Tricalcium phosphate (TCP) is a calcium phosphate compound that can be used as a bone substitute with the
chemical formula Ca3(PO4), [38]. The phase composition of HAp/TCP occurs due to the decomposition of several
HAp into the same TCP phase as reported in other studies. Partial decomposition of HAp is associated with changes
in the value of the Ca:P ratio due to deficiency of calcium, phosphate, or both elements in the sample at high
temperatures [39]. After comparison, it can be concluded that the synthesized HAp diffractogram has almost the
same value and is similar to the standard HAp diffractogram [40].

Table 3. Effect of sintering temperature on HAp crystal size

Temperature (°C) FWHM (deg) Crystal Size (nm)
700°C 0.012613 11.71
800°C 0.010415 14.22
900°C 0.011717 12.36
1000°C 0.009841 15.40

The average value of crystal size shows the relationship with the XRD curve of Hydroxyapatite with sintering
temperatures of 700, 800, 900, and 1000°C. The higher peak intensity of XRD spectra, the higher crystallite size
HAp for the small value of FWHM and vice versa [41], and similar reported by Balgies et al. [33].

Mass Efficiency of Hydroxyapatite

The mass efficiency of hydroxyapatite compounds from CaO and compounds (NH4);HPO4 can be calculated
using equation 1. We can see that the mass of hydroxyapatite compounds after sintering is much smaller than the
total mass of CaO and (NH4);HPO4 compounds which is 6.8 grams. It is because mixing the two compounds into
powder requires heating using a furnace which results in the evaporation process of the compound in liquid form
vaporizing into a gas. In addition, there was some mass wasted by distilled water during the washing process.
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TABLE 4. Effect of sintering temperature on hydroxyapatite mass efficiency [42]

Temperature Hydroxyapatite mass after Hydroxyapatite mass
(°O) sintering (gram) efficiency (%)
700°C 4.6619 68.55
800°C 4.5888 67.47
900°C 3.9036 57.40
1000°C 3.7734 55.49

As shown in table 4, the increase in sintering temperature causes the efficiency of hydroxyapatite to decrease.
Venkatesan and Kim also stated that the efficiency of about 60% indicated that pure hydroxyapatite [28]. The mass
efficiency of hydroxyapatite is higher when the sintering temperature is lower. The decrease in the value of
hydroxyapatite efficiency in the sintering process is thought to be due to the loss of water content and organic matter
contained in the hydroxyapatite powder material of blood clam shells which causes a decrease in hydroxyapatite
mass after sintering which similar reported by Riyanto et al. and Al-Sokanee ef al. [43,44].

CONCLUSION

The main chemical oxide for blood clam shells before calcination is CaCOs is 99.92% and decreases after
calcination in the form of CaO about 99.49%. The high calcium content in blood clam shells makes this material
very potential to be used as a raw material for the synthesis of hydroxyapatite. The resulting hydroxyapatite
composition contains the main chemical compounds, namely CaO and P,0s, with a CaO/P,Os ratio of 1.51 - 1.77.
The functional groups show the presence of phosphate (POs*), hydroxyl (OH ), and carbonate (COs*) indicates
hydroxyapatite was formed. The results of the XRD analysis showed that hydroxyapatite has a hexagonal crystal
structure. This result is the same as the crystal structure of commercial hydroxyapatite. The purity of the
hydroxyapatite produced is not optimum because there is still a secondary phase of HAp decomposition.
Hydroxyapatite efficiency value decreased with increasing sintering temperature.
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