JURNAL Vol. 13 (No.1), Februari 2023, 85-96

DOI:

B/IOS LOGOS E-ISSN: 2656-3282

Accredited by Ministry of Research, Technology and P-ISSN: 2088-9569
Higher Education No. 105/E/KPT/2022

Synthesis and Characterization of Hydroxyapatite from Polymesoda placans
Shell using Wet Precipitation Method

Charlena™, Irma Herawati Suparto'and Daniel Putra Oktavianus Laia®
!Department of Chemistry Faculty of Mathematics and Natural Science
IPB University Bogor
“Halal Science Center, IPB University Bogor
Tropical Biopharmaca Research Center, IPB University Bogor

*corresponding author: charlena@apps.ipb.ac.id

(Article History: Received Feb 15, 2023; Revised Feb 27, 2023; Accepted Feb 28, 2023)

ABSTRACT

Hydroxyapatite (HAp) is a bioceramic material which has chemical component similar to
bone and teeth. Further development and exploration of calcium source continued to be
done to syntheze HAp. The purpose of this research was to synthesize HAp from shell of
Polymesoda placans using wet precipitation method. The synthesis used in this study was
by reacting calsium hydroxide from the shells and diammonium hydrogen phosphate as a
phosphate precursor with sintering temperature of 600, 800, 1000, and 1100 °C and pH
9, 10 dan 11. Based on the X-ray diffraction spectrum, the best sintering temperature was
1000 °C with pH of 10-11 because it revealed the highest crystallinity (90.1 %).
Functional groups analyzed by Fourier transform infrared showed that there were PO,
OH , and COz* groups in the HAp. Scanning electron microscope analysis showed
uniform granule particle with particle size of 0.3-1.6 pum.
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INTRODUCTION

Indonesia is a country that is rich in natural resources from both inland waters,
and sea waters. One of the islands in Indonesia that has the potential of its waters
is the island of Nias. This island is part of the province of North Sumatra with an
area of 5625 km? This island has mangrove areas. That produces various marine
biotas such as various types of fish and shellfish. One type of clam that usually
lives on the coast of mangrove forests is the lokan clam (Polymesoda placans).

Lokan clams meats are can be consumed as a source of animal protein, while
their shells are mostly underutilized. Shells generally contain calcium in the form
of calcium carbonate (CaCOs3) as crystals of calcite and aragonite (Soido et al.
2009). The size of the lokan clam shell can reach 110 mm, with hard and thick
shell. The harder the shell, the higher the calcium carbonate content. Calcium is
one of the elements for the formation of hydroxyapatite (HAp) so calcium from
lokan clam shells can be used as a Ca precursor in the development of HAp.

The HAp compound is a bio-ceramic material that is often used in bone and
dental implants with the chemical formula Ca1o(PO4)s(OH),. This is because HAp
has the same components in bones and teeth (Sadat-shojai 2013). Hydroxyapatite
has bio-compatible, osteoconductive, and bio-active properties (Zhou and Lee
2011, Danoux et al. 2014). Bio-compatible means are able to withstand corrosion
and not rejected by body tissues. Osteoconductive, which means it has the ability
to support the growth and formation of bone tissue while bioactive means it can
stimulate bone growth around implants (Takazaki et al. 2009, Hui 2010). The bio-
activity and biodegradability of HAp depend on the Ca/P ratio, crystallinity, and


mailto:charlena@apps.ipb.ac.id

Charlena et al., Synthesis and Characterization ...

phase purity. The ideal Ca/P ratio for HAp is 1.67 (Sooksaen et al. 2010, Zyman et
al. 2013) to 1.76 (Huang and Chu 2013).

Hydroxyapatite can be synthesized from various types of calcium-containing
materials. Some materials that can be used to synthesize HAp are various types of
shellfish such as rice field snail shells (Pujdiastuti 2015), green mussels
(Handayani 2013), kepah clams (Ningsih et al. 2014), ranga clams (Dahlan 2013),
blood clams (Muhara et al. al. 2015). This study used lokan clam shells originating
from South Nias. HAp synthesis method can be carried out by precipitation
method, hydrothermal method, hydrolysis method, and sol-gel method. The
quality of HAp is affected by the speed of stirring, variations in pH, temperature,
concentration, time, and others (Monmaturapoj 2008). Precipitation is a method
that is widely used because it is easy to use, the reaction is simple, and the by-
products are water and solvents that are not too expensive.

This study aims to synthesize HAp with a calcium source from lokan shells
through the wet precipitation method and to study its characteristics. The
characterization was carried out using an X-ray difractometer (XRD) to determine
the phase and crystallinity of the compound and a Fourier transform infrared
spectrophotometer (FTIR) to determine the functional groups. In addition,
scanning electron microscopy (SEM) was also used to observe the surface
morphology of HAp. The results of this study are expected to make lokan clams
an alternative source of calcium for the formation of HAp.

METHODS

Synthesis of Hydroxyapatite by Wet Method (modified by Santos et al. 2004
and Charlena et al. 2015). 0.5 M Ca(OH), solution was prepared as a calcium (Ca)
precursor and 0.3 M (NH4);HPO, solution as a phosphate (P) precursor.
Hydroxyapatite was synthesized by the reaction of Ca(OH), suspension and 0.3 M
(NH4)2HPO, solution. 0.3 M (NH4),HPO, solution was dripped into 0.5 M
Ca(OH), solution suspension with the temperature being kept constant (40+ 2) °C
while stirring using a magnetic stirrer. Synthesis was carried out at a pH of 10,
then stirred again, then the synthesis results were decanted for 24 hours. After
decantation, it was sonicated for 4 hours, then baked in the oven and further
centrifuged for 5 minutes at 4500 rpm. After the precipitate separated, the solution
was filtered to obtain the precipitate and washed three times with distilled water
then dried in an oven at 105 °C for 4 hours. The dried HAp powder was then
heated at 600 °C, 800 °C, 1000 °C, and 1100 °C. HAp samples were characterized
using XRD to determine the best HAp phase. After obtaining the best sintering
temperature, synthesis was carried out at pH 9 and pH 11 and then characterized
using XRD, FTIR and SEM.

RESULTS AND DISCUSSION
Identification Results of Lokan Shells

Calcium from lokan shells is used to synthesize apatite compound material.
Lokan shell powder was analyzed to determine the presence of CaCOj;
compounds. The results of CaCO3 powder analysis using XRD showed the highest
peaks at angles 20 26.3° 27.36°, 33.22°, 37.98°, 46°, and 2.54° (Figure 1).
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Figure 1. Ray diffraction patterns of lokan shells.

Identification by XRD and comparison with JCPDS showed that CaCOsj;
aragonite, calcite, and vaterite were present in the lokan mussel shells. Lokan clam
shells have a more dominant CaCO;3 aragonite phase than calcite and vaterite
phases. Each phase has a different morphology and structure. The aragonite phase
has a needle-shaped morphology with an orthorhombic crystal structure, calcite
with a rhombic morphology and a rhombohedral crystal structure, and vaterite
with a porous spherical morphology and a hexagonal crystal structure (Hadiko et
al. 2005). Of the three crystal forms, the calcite phase is the most stable at room
temperature, while aragonite and vaterite have metastable phases (Han et al.
2006).

The calcination process was carried out at 1100°C for 3 hours, this was done to
convert CaCO; to CaO and remove organic compounds in the sample. The
following is the reaction for the formation of CaO:

CaCOs(s) A CaO(s) + CO4(9)

The CaO X-ray diffraction pattern produces a diffractogram as shown in
(Figure 2). The diffraction peaks of CaO are at angles 20 32.34°, 37.48° 53.98°,
64.26° and 67.5°. The CaO diffraction peak has a high purity with a phase line
shape according to the JCPDS for CaO. The intensity of the diffraction peaks
increased after calcination, this indicated that there was a structural change from
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Figure 2. X-ray diffraction pattern of calcium oxide (CaO).
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The calcium oxide obtained after calcination is used to measure the calcium
content in the shell. The calcium level obtained after being analyzed using AAS
was 57.05%. The level of calcium in lokan clams is greater than that of clams
(protothaca) which is 44.39% (Trianita 2012). It can even be estimated that the
calcium levels will be greater if in an adult-sized shells. Therefore, the mussel
shells are very potential as a source of calcium for the formation of HAp.
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Figure 3. X-ray diffraction pattern of calcium hydroxide (Ca(OH),).

The process of converting CaO to Ca(OH), by hydration in an open space for
one week. This is done so that the water vapor is in direct contact with CaO to
form Ca(OH), through an exothermic reaction with water.

2Ca0 + 2H,0 —* 2Ca(OH);  AHf =-63.7 ki/mol

After hydration, the Ca(OH), powder was tested using XRD and produced a
diffraction pattern as shown in Figure 3. The Ca(OH), X-ray diffraction peaks
were at angles 20 18.06°, 29.4°, 34.1° 47.16° 50.9°, and 54.52°. Besides Ca(OH),,
there is also a CaCO3 phase at angles 20 39.32° 43.18° and 48.54°. The CaCO;
phase is formed because, during the hydration process there are impurities from
the air in the form of CO, so CaO turns into CaCOs. The presence of CaCOj3 can
cause the formation of type A apatite (AKA) and type B apatite (AKB). The
Ca(OH), phase that is formed will be used as a base material for synthesizing
HAp.

Hydroxyapatite Synthesis

HAp powder was synthesized according to the composition of the materials
used with a Ca/P concentration ratio of 1.67. The synthesized HAp powder was
identified using XRD to determine the contained phase. The diffractogram results
of HAp powder at various sintering temperatures (Figure 4) show the highest
diffraction pattern at an angle of 20 31.7°-31.8° which is characteristic of the HAp
peak. The temperature of 600 °C has the highest peaks at 25.8°, 32.98° and
31.98°. There is also B-TCP at peaks of 20 39.96° 46.62°, and AKB at 40.48°.
This happens because the temperature used was too low so that the apatite crystals
that are formed vary. The temperature of 800 °C has the highest peaks at 20
25.88° 31.76° 32.18° and 32.88°. The temperature of 1000 °C has the highest
peaks at angles 20 25.93°, 31.86° 32.26° and 32.97°. The temperature of 1100 °C
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has the highest peaks at angles 20 25.86°, 31.76° 32.18° and 32.88°
Determination of the diffractogram peaks from the XRD results was carried out by
matching the diffractogram (JCPDS).
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Figure 4. Diffraction patterns of various sintering temperatures at pH 10 (a) 600
°C, (b) 800 °C, (c) 1000 °C, and (d) 1100 °C.

The XRD test results from various sintering temperatures produced different
phase compositions and different crystallinity (Table 1). The higher the sintering
temperature, the higher the crystallinity, but at 1100 °C the crystallinity decreased.
This happens because the compound decomposes due to too high a temperature.
Murugan et al. (2005) stated that at temperatures of more than 1000 °C, HAp had
begun to decompose. Kamalanathan's research (2014) reported that at sintering
temperatures of more than 1250 °C HAp compounds would decompose into B-
TCP and TTCP with a calcium source, namely egg shells. The research by Khiri et
al. (2016) showed that at 1200 °C the HAp compound decomposed into B-TCP
with a blood clam calcium source (Anadara granosa). This indicates that the
sintering temperature has a certain limit to achieve phase purity. The presence of
B-TCP does not affect the usefulness of HAp as a bone-building compound, this is
because B-TCP is also an apatite compound that is similar to a bone-building
block (Tazaki et al. 2009). Even B-TCP is more absorbable (easily absorbed in the
body) than HAp (Shi 2003). Apart from B-TCP, the presence of AKB also occurs
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due to the presence of CaCO3 which joins in Ca(OH),. In addition to differences
in crystallinity, differences in phase composition in the synthesis results are also
influenced by uncontrolled synthesis techniques such as flow rates and stirring
rates. Monmaturapoj (2008), states that the quality of HAp is influenced by the
rate of stirring. The fast and constant stirring process can lead to good interactions
between reagents (Gomes et al. 2008).

Table 1. Crystallinity of HAp at various sintering temperatures

Temperature (°C) Crystallinity (%) Crystal Size (nm)
600 67.19 20.98
800 88.27 34.91
1000 90.10 69.09
1100 70.63 57.90

The value of crystallinity also affects the size of the crystal, the higher the
sintering temperature, the size of the crystal will also increase. Abidi and Murtaza
(2013), reported that increasing the sintering temperature would increase the
crystal size and create good crystallinity. Table 1 shows an increase in crystal size
as the sintering temperature increases, but at 1100 °C there is a decrease in crystal
size. This is because the temperature used has reached the optimum level. Yanhua
et al. (2005) explained that increasing the temperature in the synthesis of materials
will increase the grain size and crystal size to the optimum temperature.
Balamurugun et al. (2006) also reported that during the sintering process,
imperfect HAp crystals would easily decompose, so it was suspected that the
decomposed HAp compounds resulted in changes in the orderliness and size of the
crystals which caused the crystallinity and crystal size to decrease.

This HAp synthesis uses a fixed variable, namely sonication for 4 hours with
the aim of homogenizing the formed HAp particles. Pudjiastuti (2015) who carried
out sonication variations with various sintering temperatures showed that at 1000
°C and 4 hours sonication was dominated by HAp but there were still other phases
such as Ca(OH),. In addition, Charlena (2015) reported that 4 hours of sonication
produced HAp which was dominant but had other phases, namely Ca(OH),, AKA,
and AKB at 900 °C. However, when compared with the results of the HAp
synthesis that was carried out, at 1000 °C it produced the dominant HAp without
the Ca(OH), phase. This shows that sonication and sintering temperature affect the
uniformity of the synthesized phase.

Visually the four results of this synthesis show different colors. Color changes
occur with the increasing temperature where the color looks bluish-white,
greenish-white (light green) to bone white. The bluish-white color is thought to
have formed due to the influence of the materials used, such as uncleaned shells.
This can be seen when centrifuged there is a black precipitate. Furthermore, after
drying the HAp color will appear bluish-white before sintering. One of the results
of the four best temperature variations will be used for the synthesis of HAp with
a variety of pH to determine the best pH conditions for the formation of HAp. The
temperature used in the synthesis of HAp with various pH is 1000 °C because it
has the highest crystallinity, which is 90.1% of the four temperatures, and has a
lighter color texture.
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The HAp synthesis results at pH 9, pH 10, and pH 11 showed diffraction peaks
at the same 20 angle (Figure 5). HAp based on the results obtained showed that
the best pH conditions were between pH 10 and pH 11. Crystallinity at pH 9 was
lower, namely 89.7%, while pH 11 was the same as pH 10, which was 90.1%. The
pH parameter is carried out because, in several studies with different materials
using different pH conditions, it is necessary to treat the pH parameter to
determine the pH condition of the basic ingredients of lokan clam shells. In all
conditions, there is a CaO peak with very low intensity, namely at 26 37.3-37.50.
The presence of CaO is not harmful to the body because it is often used in the
medical field (Murakami et al. 2007).
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Figure 5. X-ray diffraction patterns of HAp pH 9 (a), pH 10 (b), and pH 11 (c).

The crystal size at various pH was 64.5-69.0 nm (Table 2). The difference in
crystal size is not much different according to the crystallinity data. The largest
crystal size is at pH 10. The crystal size is influenced by the maximum half-peak
width (FWHM). The greater the FWHM value, the smaller the crystal size. Crystal
size values are obtained from calculations using the Debye-Scherer equation.

Table 2. Crystallinity and size of HAp crystals in various pH conditions

pH crystallinity (%) crystal size (nm)
9 89.7 64.58
10 90.1 69.09

11 90.1 64.62
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Functional group identification using FTIR was carried out to determine the
PO,* and OH" functional groups in HAp. FTIR is a type of spectrophotometer
with an infrared spectrum that lies in the wavelength region of 0.78 to 1000 um or
wave number 12800 to 1 cm™. The synthesized HAp FTIR results are shown in
Figure 6.

— HA -lokan

T, HI _—

50—

%T |

75—

B0—

L e e e L LA B B S S S B B S By s s sy B By I s s By B B s B B BN
4000 3500 3000 2500 2000 1750 1500 1250 1000 750 500
H Ap (aldrich} 1icm

Figure 6. FTIR spectrum of local shell HAp samples (a) synthesized HAp, and
(b) standard Hap.

Based on the FTIR spectral band of HAp that has been synthesized, there are
functional groups that makeup HAp such as OH™ and PO,> groups. The results
show PO,> absorption at 472 (v2 PO,%), asymmetric bending absorption bands at
593 and 601 (v4 PO,>), symmetric stretching absorption bands at 962 (3191 PO,%),
asymmetric stretching vibration absorption at 1050 cm™(v3 PO,*). When
compared with other studies (Herawaty et al. 2014) PO,* absorption was found at
470, 567, 601, 960, and 1041 cm™, these results showed the same PO,> absorption
while the OH™ group was at absorptions 3421 and 3568 cm™. Ragu et al. (2014),
reported FTIR absorption data with PO, uptake at 565, 603, and 1063 cm™ and
OH™ at a peak of 3498 cm™. The FTIR absorption peak can be affected by the
heating temperature, the higher the heating temperature, the weaker the absorption
peak (Abidi and Murtaza 2013).

OH™ absorption is at 630, 3575, and 3641 cm™. Muntamah (2011) reported that
using the wet method showed the same absorption and peaks, namely at wave
numbers 631, 3570, and 3644 cm™. The absorption of 3570 and 3644 cm™ is an
asymmetrical absorption peak which indicates the formation of crystals in the
synthesis results. This is consistent with the high crystallinity of HAp. In addition
to the presence of PO,* and OH™ groups as HAp constituent groups, there is also a
COs> group at 1475 cm™. The existence of the COs* group occurs due to the
reaction between HAp and CO; in the air during synthesis. The presence of CO3*
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will form carbonate-HAp which is a natural substitution of PO,% or often called
type A and type B apatite due to the influence of temperature. The presence of
CO3? can be said to be an impurity because the synthesis process is not controlled.
Besides CO3?, there is also an H,O group at wave number 1966 cm™. This occurs
due to condensation during preparation due to uncontrolled air in the preparation
room. Figure 6b represents the standard of HAp and when compared with the
results of the synthesis, the difference can be seen from the resulting peak
intensity. The OH™ absorption has a small and separate intensity, this is
presumably due to the high heating temperature so that the OH™ group will
experience decomposition. Hardiyanti (2013) showed that the higher the heating
temperature, the OH™ group would disappear and B-TCP would form.

SEM morphological analysis was carried out at one of the best results of HAp
synthesis, namely pH 11. The results of SEM identification with a magnification
of 10,000 times (Figure 7) showed granules that form an aggregate with a smooth
surface, uniform particle shape, and irregular roundness.

i ok m& # - 3&
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HAP pH 11 0000 24 Oct 2016

Figure 7. SEM identification results for hydroxyapatite.

Research Jamarun et al. (2015) also used pH 11 conditions to produce a round
and uniform HAp. Uniform size and shape indicate the regularity and density of
crystals so that they are in accordance with the XRD results which have high
crystallinity. Sadat-Shojai et al. (2013), explained several forms of HAp particles.
There are round, irregular round, stems, needles, tubes, sheets, flowers, and others.
One form of HAp, namely an irregular spherical shape with a size of 5 nm-200
pum can be obtained by precipitation, sol-gel, hydrothermals, solid-state, and high-
temperature processes. This is in accordance with the results obtained in the
synthesis with a particle size of 0.3-1.6 pm and pores measuring 0.1-0.3 pm with
an even distribution of pores.

CONCLUSION

HAp synthesis using the wet precipitation method has been successfully
carried out with varying sintering temperatures of 600, 800, 1000, and 1100 °C
and variations in pH (9, 10, and 11) to determine the conditions for HAp
formation. Based on the XRD results, the overall HAp phase was formed but there
were also other phases, namely B-TCP, CaO, and AKB. The optimum condition
for HAp synthesis is at a sintering temperature of 1000 °C and a pH of 10-11. The
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FTIR results detected the presence of PO, and OH functional groups as
functional groups in HAp. The SEM results showed uniform and spherical
irregular particle shapes at 10,000x magnification with a size of 0.3-1.6 um.
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