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OBJECTIVES Hydroxyapatite (HAp) is a biomaterial widely
used as a coating for dental implants due to its biocompat-
ibility and structural similarity to natural bone. METHODS
This study explores the synthesis of HAp using ale-ale shell
waste as a natural calcium source through the hydrother-
mal method. The synthesis was conducted by varying the
CaO/(NH,4)2HPO, concentration ratios (0.67; 1.67; 2.67) and
pH levels (11, 12, 13) to optimize crystal formation. FTIR anal-
ysis confirmed the presence of key functional groups char-
acteristic of HAp, while XRD analysis validated the forma-
tion of a crystalline structure matching standard hydroxya-
patite. RESULTS The results demonstrate that the hydrother-
mal method effectively converts ale-ale shell waste into
HAp with high crystallinity, suggesting its potential as a sus-
tainable biomaterial for biomedical applications. CONCLU-
SIONS The optimal synthesis conditions were achieved at
a CaO/(NH4)2HPO, concentration ratio of 2.67 and pH 13,
producing HAp with favorable properties for dental implant
coatings.

KEYWORDS ale-ale; dental implant; hydroxyapatite; hy-
drothermal

1. INTRODUCTION

Dental and oral health is still a problem in society that needs
attention. According to the latest data from the 2023 Indone-
sia Health Survey (SKI), the prevalence of oral and dental
health problems in Indonesia is 56.9%, reflecting a 0.7% de-
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crease from 57.6% in 2018. Additionally, the prevalence of
dental caries has also declined from 88.8% in 2018 to 82.8%
in 2023. Despite this decrease, the figures still indicate that
more than half of the Indonesian population experiences oral
and dental health issues. The most common attempt to im-
prove the function of these teeth is to use dental implants.
An implant material that is widely used in the field of ortho-
pedics and dentistry is a type of titanium alloy. Titanium (Ti)
has low density, high strength, and bioinert properties. How-
ever, titanium has its shortcomings, namely, that particles
and ions of Titan, as well as the components of the alloy, can
accumulate in the surrounding tissues due to corrosion and
weariness, resulting in inflammatory reactions (Souza et al.
2019). Given the level of danger caused by the use of titanium
alloy-based implants, many dental implants have been mod-
ified with coatings using biomaterials. Biomaterials that can
be used as coatings on dental implants are hydroxyapatites.
Hydroxyapatite (HAp), Caig(P0O4)s(OH),, is a major mineral
foundinbonesand teeth. One of the naturalingredients used
in the synthesis of hydroxyapatite is the shell because it has a
high calcium carbonate composition, i.e. about 89% that can
be used as a source of calcium to synthesize compounds con-
taining calcium metals such as hydroxyapatite (Affandi et al.
2015).

The ale-ale shell (Meretrix spp.) is a hard clams shell as a
freshwater mollusk endemic in Ketapang District, West Kali-
mantan of Indonesia. Ale-ale shells are known to have a high
calcium content of 87139 % (Fadhilah et al. 2015). This sig-
nificant calcium concentration makes Meretrix spp. shells
a promising raw material for hydroxyapatite synthesis, as
calcium is a key component in hydroxyapatite formation.
Among several methods of hydroxyapatite synthesis, the hy-
drothermal method is the most advantageous because it can
produce hydroxyapatite with high levels of crystallinity and
purity, as well as a homogeneous material size distribution.
Besides, the hydrothermal method is relatively simple with-
out the use of complicated and expensive equipment (Siani-
par et al. 2016). However, previous studies on hydroxyapatite
synthesis using the hydrothermal method have primarily fo-
cused on variations in temperature, pressure, and reaction
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time, without thoroughly exploring the effects of pH and the
CaO/(NH,4),HPO, concentration ratio, particularly when us-
ing calcium derived from ale-ale shells. This study aims to fill
this gap by investigating these specific parameters, thereby
contributing to the originality of the research and enhancing
the potential application of ale-ale shell-derived hydroxyap-
atite for biomedical purposes, such as dental implant coat-
ings that comply with ICDD standard 01-072-1243 (Interna-
tional Centre for Diffraction Data). Through this standard,
a comparison of the characteristics of synthetic hydroxya-
patite that can be used as a dental implant coating can be
made.

2. MATERIALS AND METHODS

2.1 Materials

This research was conducted using an experimental quan-
titative method over four months at the Integrated Chem-
ical Laboratory of Tanjungpura University, Pontianak. The
primary material used was ale-ale shells obtained from Ke-
tapang District. Other materials included water, aluminum
foil, filing paper, ammonium phosphate ((NH,4),HPO,), am-
monium hydroxide (NH4OH), and wrapping plastic.

The instruments used in this study included a mortar
and pestle, 200-mesh sieve, stirring rod, Buchner funnel,
Erlenmeyer flask, furnace, beaker glass, measuring cylin-
der, analytical balance, oven, pH meter, pipette filler, drop
pipette, volumetric pipette, vacuum pump, hydrothermal
reactor, spatula, and characterization instruments such as
X-ray fluorescence (XRF), Fourier-transform infrared spec-
troscopy (FTIR), and X-ray diffraction (XRD).

2.2 Methods
2.2.1 Hard clams shell preparation

The preparation of the hydroxyapatite precursor followed the
method described by Fadhilah et al. (2015). Ale-ale shells
were first cleaned, boiled, dried, and ground to a particle size
of 200 mesh. The obtained powder was then calcined at 900
°C for 4 hours in an open-air atmosphere furnace to remove
volatile compounds and enhance calcium oxide (CaO) purity.
Gradual heating was applied to prevent structural degrada-
tion, followed by slow cooling inside the furnace to maintain
phase stability. The resulting material was analyzed using X-
ray fluorescence (XRF) to determine its elemental composi-
tion, ensuring optimal CaO formation for hydroxyapatite syn-
thesis.

2.2.2 Hydroxyapatite synthesis

The hydroxyapatite synthesis followed the procedure out-
lined by Affandi et al. (2015), in which a mixture of cal-

TABLE 1. XRF results of ale-ale shell.
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FIGURE 1. FTIR spectrum of HAp with CaO/(NH;)2HPO,, concentration ratio
of 0.67 and pH 11.

cium hydroxide (Ca(OH),) solution and diammonium hydro-
gen phosphate ((NH4),HPO,) solution was prepared with
CaO/(NH,4),HPO, concentration ratios of 0.67; 1.67; and 2.67.
These ratios corresponded to molar ratios of 2:3, 5:3, and 8:3,
respectively, resulting in Ca/P molar ratios of 0.67; 1.67; and
2.67. The molar ratio was determined based on the number
of moles of each precursor used in the reaction. Calcium
was sourced from Ca(OH), solution, with molar amounts of
0.075; 0.14; and 018 mol, corresponding to 5.544 g, 10.381 g,
and 13457 g of Ca(OH), powder, respectively. Meanwhile,
phosphate was derived from (NH4),HPO, solution, with mo-
lar amounts of 0.1125; 0.075; and 0.05625 mol, corresponding
t0 19.602 g, 14.652 g, and 11.88 g of (NH4),HPO4 powder, re-
spectively. The pH of the mixture was then adjusted to 11, 12,
and 13 by adding NH4OH to optimize hydroxyapatite forma-
tion. The prepared solution was transferred into a hydrother-
mal reactor and subjected to hydrothermal treatment at 180
°C for 20 hours in an oven. After the hydrothermal process
was completed, the resulting precipitate was collected, dried
in an oven at 100 °C for 1 hour, and then ground using a mor-
tar and pestle to obtain fine hydroxyapatite powder.

2.2.3 Characterization of hydroxyapatite

The synthesized hydroxyapatite was characterized using var-
ious analytical techniques. Fourier-transform infrared spec-
troscopy (FTIR) was performed to identify functional groups
present in the hydroxyapatite structure. X-ray diffraction
(XRD) analysis was conducted to assess the crystallinity and
phase purity of the synthesized hydroxyapatite, ensuring its
compliance with ICDD standard 01-072-1243 for biomedical
applications such as dental implant coatings.

Oxides Concentration (%) Oxides Concentration (%)
Al; 03 0.608 TiO, 0.239

Si0; 1.59 V,05 0.008

P,05 0.899 MnO 0.025

Cclo 0.012 Fe,03 1.93

Cao 93.444 Others 1.243
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TABLE 2. Yield percentage of hydroxyapatite.
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Variation . . .
Initial mass (gram) Final mass (gram) Yield (%)
Ca/P concentration pH
0.67 11 25.146 6.88 27.36
0.67 12 25.146 7.13 28.35
0.67 13 25.146 7.45 29.62
1.67 11 25.033 11.85 47.33
1.67 12 25.033 12.48 49.85
1.67 13 25.033 13.59 54.28
2.67 11 25.337 16.42 64.81
2.67 12 25.337 16.83 66.42
2.67 13 25.337 17.38 68.59
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FIGURE 2. FTIR spectrum of HAp with CaO/(NH,)2HPO,, concentration ratio
of 0.67 and pH 12.

3. RESULTS AND DISCUSSION

The research was aimed at obtaining a biomaterial of hydrox-
yapatite (HAp) that will be used for titanium-based dental im-
plant coatings. Hydroxyapatite is synthesized from the shell
of the ale-ale (Meretrix spp.) by hydrothermal method. The
research was carried out through several stages, including
sampling preparation, and HAp synthesis.

The preparation of the ale-ale shell produces CaO ashes
that change color from brown to gray-white, resulting in a
loss of 146 grams to 9912 grams. Lol (Loss in Ignition) is 32.1
%. XRF analysis results can be seen in Table 1.
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FIGURE 3. FTIR spectrum of HAp with CaO/(NH,)2HPO,, concentration ratio
of 0.67 and pH 13.
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FIGURE 4. FTIR spectrum of HAp with CaO/(NH;)2HPO, concentration ratio
of 1.67 and pH 11.

The largest component found in ale-ale shell powderwas
calcium oxide (CaO) at 93.444 %, so it can be used as a calcium
precursor in hydroxyapatite synthesis.

Hydroxyapatite synthesis is carried out by hydrothermal
method, which is the formation of a material using water at a
temperature above the boiling point of water and high pres-
sure to change the structure of crystals and form a nanos-
tructure material. The hydroxyapatite, which has been suc-
cessfully synthesized by hydrothermal method, was then sin-
tered at a temperature of 800 °C for 4 hours (Byrappa K and
Yoshimura 2013). The percentage of yields on the sample is
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FIGURE 5. FTIR spectrum of HAp with CaO/(NH,)2HPO, concentration ratio
of 1.67 and pH 12.
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performed in Table 2.

The difference in the value of % yield is influenced by the
initial mass weight of the sample, which also varies with each
variation in the concentration of Ca/P. The resulting value is
an increasing percentage of yield with increasing concentra-
tion. This is because the lower the concentration then the so-
lution becomes more acidic so that the hydroxyapatite com-
pounds become more soluble and result in a low % yield at
low concentrations of Ca/P. At the variation of pH also re-
sulted in the value of % yield that increases as the pH in-
creases. This is due to the mobility of Ca?* and PO,3" ions
which will increase with the rise of the pH thus enhancing
the interaction between the molecules. The high intermolec-
ular interaction leads to more hydroxyapatites being formed,
so compared to the increased percentage of yield (Rodriguez-
Lugo et al. 2018).

The synthetic hydroxyapatite was characterized using an
FTIR spectroscopic photometer, with the result seen in Fig-
urel-9.

The formed groups PO43~ and OH" are functional groups
that are typical of HAp so indicate the HAp content in the sam-
ple. There are more sharp groups PO43", and OH" that in-
dicate more and more content of PO43". According to Fad-
hilah et al. (2015), the appearance of the groups PO43"and
OH" sharp indicate higher absorption intensity so indicat-
ing better HAp obtained. The appearance of the absorption
of the cluster CO32 indicates the presence of the carbon-
ate cluster of CaCO3 derived from the shell of the ale-ale
shell, in which the CaCO3; has not been completely decom-
posed. Carbonate groups (CO32") can be identified in hydrox-
yapatite structures because of the substitution of carbon-
ate ions with hydroxyl ions or phosphates, thus forming a
carbonate-hydroxyapatite structure. The formation of such
structures does not affect hydroxyapatite functions since the
calcium and phosphate compounds have undergone sinter-
ing at 800 °C so that they have a stable structure (Demirkol
et al. 2012). From the results of the FTIR analysis, the emer-
gence of the three groups of these functions indicates that
hydroxyapatites in the nine variations have been successfully
synthesized.

Qualitative analysis of hydroxyapatite concentration ra-
tios of 0.67;1.67; and 2.67 at pH variations 11, 12, and 13 can be
seen in Figure 11 - 12.

HAp with pH variations of 11, 12, and 13 at a concentra-
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FIGURE 6. FTIR spectrum of HAp with CaO/(NH,)2HPO,, concentration ratio
of 1.67 and pH 13.
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FIGURE 7. FTIR spectrum of HAp with CaO/(NH,)2HPO, concentration ratio
of 2.67 and pH 11.

tion ratio of 0.67 with the most optimum variation based on
the appearance of the sharpest PO43" group peak and the
number of appearances of the PO43" namely HAp with vari-
ations in the order of pH 13, 12, and 11. HAp with variations
in pH 11, 12, and 13 at a concentration ratio of 1.67 with the
most optimum variation based on the appearance of cluster
peaks PO,43" is the sharpest and the number of occurrences
of the PO,43 group is HAp with the order of pH variations 13,
12, and 11. HAp with pH variations 11, 12, and 13 at a concen-
tration ratio of 2.67 with the most optimum variation based
on the appearance of the sharpest peak of the PO43~ group
and the number of occurrences of the PO43 group namely
HAp with a pH variation sequence 0f 13,12, and 11. The results
of qualitative FTIR analysis on hydroxyapatite varied in con-
centration ratio 0.67; 1.67; and 2.67 with pH 11, 12, and 13, the
most optimum variation was obtained at the HAp concentra-
tion ratio of 0.67-pH 13; HAp concentration ratio 1.67-pH 13;
HAp concentration ratio 2.67-pH 13. The three variations in
concentration ratio are 0.67; 1.67;, and 2.67 has the most opti-
mum results at pH 13 which is the highest pH. Based on the
results of this research, it indicates that the higher the pH
of the reaction, the sharper the peak of the PO,3- group that
is formed. At higher pH levels, calcium hydroxide (Ca(OH),)
dissociates more readily, releasing a greater amount of CaZ*
and OH" ions. The increased availability of Ca?* facilitates
stronger interactions with PO43", accelerating the hydroxya-
patite (HAp) crystallization process and enhancing its struc-
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FIGURE 8. FTIR spectrum of HAp with CaO/(NH,)2HPO, concentration ratio
of 2.67 and pH 12.
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FIGURE 9. FTIR spectrum of HAp with CaO/(NH,)2HPO,, concentration ratio
of 2.67 and pH 13.

tural order. This results in sharper PO,3- and OH" absorption
peaksinthe FTIR spectrum, indicating improved crystallinity.
In contrast, at lower pH levels, the release of Ca?* ions oc-
curs more slowly, hindering HAp formation and leading to
broader PO,3" peaks. Optimal Ca(OH), dissociation occurs
at a pH range of approximately 12.5-12.8, promoting the for-
mation of well-defined HAp crystals with higher crystallinity
(Palanivelu et al. 2014).

FTIR analysis was conducted to quantify the carbonate
content (% carbonate) in hydroxyapatite by measuring the
absorbance of carbonate (CO32") and phosphate (P0O43") func-
tional groups. The spectra were recorded in the range of
4000-400 cm 7, focusing on carbonate peaks at 1420-1450
cm 1 (Type B substitution) and phosphate peaks at ~1030 cm
71 as a reference. The carbonate content was calculated us-
ing the ratio of the absorbance or integrated area of the CO32-
peak to the PO,3" peak using the Equation 1.

A
%Carbonate = (&> x 100 ()
Apo,

Where Aco, represents the absorbance of the carbonate
peak and Apg, represents the absorbance of the phosphate
peak. The results were compared with standard values of bi-
ological apatite (2-8% carbonate) to evaluate the influence of
synthesis parameters on carbonate incorporation in hydrox-
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FIGURE 10. Qualitative analysis of FTIR spectrum of HAp at pH variations
11, 12, and 13 with a concentration ratio of 0.67.
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FIGURE 11. Qualitative analysis of FTIR spectrum of HAp at pH variations
11, 12, and 13 with a concentration ratio of 1.67.

yapatite (Rehman and Bonfield 1997). The calculation results
of % CO32" can be seen in Table 3.

The results of quantitative FTIR analysis reveal that hy-
droxyapatite with each concentration ratio variation is 0.67,
1.67; and 2.67 at pH 13 has the smallest %C032" value. This is
because at alkaline pH there will be higher diffusion and sol-
ubility of CO32” when compared to acidic pH. The low solubil-
ity of CO32" causes carbonate ions to enter the crystal lattice,
thus affecting the Ca/P ratio value of hydroxyapatite and also
the crystal plane. Carbonate ions that enter the hydroxyap-
atite crystal lattice will replace hydroxyl ions (OH") or phos-
phate (PO,43") and produce carbonated-HAp (CHAp) (Afshar
et al. 2003). If carbonated-HAp is formed, the carbonate ion
content in hydroxyapatite will increase.

Based on the calculation of % CO3% the result is that
the greater the concentration ratio, the larger the value of %
CO3?" is obtained. This is due to the fact that this study uses
anirregular Camass. The greater the concentrationratio, the
more the CaO mass is used, so that the value of % CO32 will
be greater. As CaO is used more and more, it is likely that the
greater is the content of the carbonate group (CO3%") in the
hydroxyapatite. This is in line with the theory that the exis-
tence of carbonate groups COs?" is derived from CaCO5 from
the shell of ale-ale shells that have not been perfectly com-
posed into CaO (Wathi et al. 2014). Through the results of the
quantitative analysis of FTIR, it was concluded that the most
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FIGURE 12. Qualitative analysis of FTIR spectrum of HAp at pH variations
11, 12, and 13 with a concentration ratio of 2.67.
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TABLE 3. Percentage of CO3%".
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Variation
No. % COz%
Ca/P Concentration pH

1 11 0.459
2 0.67 12 0.44
3 13 0.402
4 11 1.145
5 1.67 12 1.024
6 13 0.831
11 1.488

2.67 12 1.464

13 1.323

(a) ICDD No. 01-072-1243
(b) HAPp 2,67 pH 13
(¢) HAp 1,67 pH 13
(d) HAp 0.67 pH 13
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FIGURE 13. X-Ray Diffractogram of Samples with Ca/P Concentration Varia-
tions of 0.67; 1.67; and 2.67 at pH 13.

optimum hydroxyapatite synthesis was performed at pH 13.
The results were in line with the qualitative analysis, with the

TABLE 4. 26 Angle from XRD Analysis of Hydroxyapatite.

optimum result at pH 13, then XRD analysis was done on the
hydroxyapatite pH 13 with variations in the concentration ra-
tio of 0.67; 1.67; and 2.67 to determine the most optimal hy-
droxyapatite based on the 2 theta angle parameters obtained
through the analysis of XRD.

X-ray diffractograms on samples of Ca/P concentration
variations of 0.67; 1.67; and 2.67 pH 13 in succession showed
pattern compliance with ICDD HAp standard No. 01-072-
1243. The XRD diffractogram pattern can be seen in Figure
13.

The three variations of hydroxyapatite have a hexago-
nal crystal shape. Table 4 shows the five highest peaks of
XRD HAp diffractogram results compared to HAp based on
ICDD 01-072-1243, but the HAp formed is not pure, as there is
still another phase of tricalcium phosphate (TCP) in the syn-
thesized HAp. At concentration variations of Ca/P 0.67 pH
13 identified TCP (Caz(PO,) at 26 31.1524°and 34.5312°corre-
sponding to the COD standard 00-009-0169. In a vessel of
concentration of Ca /P 1.67 pH 13, identified TCP (Casz(Po,) at
10 311821°. In addition to the 5 highest peaks on the XRD
diffractogram, there are other angles of 26 with low inten-
sity values so that it is detected as another phase accord-
ing to the Match! program which is then considered to be a

HAp pH 13
HAp ICDD 01-072-1243
0.67 1.67 2.67
26 (°) 1/1g (%) 26 (°) 1115 (%) 26 (°) /1o (%) 26 (°) 1/1o (%)
31.74 100 31.74 100 31.67 100 31.64 100
32.86 56.4 32.90 60.86 32.83 65.39 32.83 76.45
32.17 45.3 32.09 66.94 32.10 73.77 32.02 69.54
25.87 36.1 25.87 47.99 25.82 44.35 25.68 34.97
49.46 30.5 49.48 28.12 49.38 31.54 49.31 34.67
TABLE 5. Particle size of hydroxyapatite.
HAp pH 13 20 Crystallinity (%) Crystal size (nm)

0.67 31.74° 87.28 35.25

1.67 31.670° 91.67 123.39

2.67 31.64° 95.09 55.81
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corrosion in hydroxyapatite. The forming TCP compounds
are not a big problem because the most commonly used
calcium phosphate is hydroxyapatite and tricalcium phos-
phates. HAp and TCP are bioactive and have bio-absorbable
properties when implanted into the body, but HAp tends to be
non-resorbable. Ideally, bio-ceramics are not only bioactive
butalsobio-resorbable, to give new bone tissue growth space.
The combination of the bio-active properties of HAp, and the
bio-resorbable characteristics of TCP with a specific compo-
sition, can better control the resorption and substitulation of
bone biomaterials (Sumadi 2022).

Based on the results of the X-ray diffractogram, the crys-
tallite size of the synthesized hydroxyapatite (HAp) can be cal-
culated using the Scherrer equation 2

KA

- Bcost @

where D represents the crystallite size, K is the Scherrer
constant (typically 0.9), A is the X-ray wavelength (1.5406 A for
Cu Ka radiation), B is the full width at half maximum (FWHM)
of the diffraction peak in radians, and 6 is the Bragg angle
(Benataya et al. 2020). The crystallite size of the synthesized
hydroxyapatite, determined from the FWHM of the most in-
tense diffraction peak, is presented in Table 5.

Crystal size less than 100 nm has better bioresorbable
and bioactivity (Sumadi 2022). The magnitude of the crystal
size obtained at a concentration variation of Ca/P 1.67 is due
to the agglomeration or clumping of the synthetic HAp. The
formation of agglomeration in the HAp result of the synthesis
inthis study is due to the hydrothermal processes carried out
not using the condensation system so that the distribution of
particles is less homogeneous.

The optimum HAp in this study was obtained at a concen-
tration ratio of Ca/P 2.67 which has a crystallinity of 95.09 %,
where this is the largest crystallinity value of the other two
concentration ratios. In addition, the hydroxyapatite of the
concentration rate of Ca/P 2.67 has a particle size of 55.81 nm,
which is >100 nm, so it has better bioresorbable and bioactiv-
ity. InHAp, the concentrations ratio Ca/P 0.67 has smaller par-
ticle sizes than the HAp ratio ca/P 2.67, which is 35.25 nm, but
HAp has a small crystalline value of 87.28 %.

4. CONCLUSION

Based on the results of the research, it can be concluded that
hydroxyapatite-based shell of ale-ale (Meretrix spp.) contain-
ing calcium (Ca) of 93444 % has been successfully synthe-
sized using hydrothermal methods. The XRF data on the cal-
cined ale-ale shell indicates the presence of CaO that can
be used as a precursor for the substance of Hap synthesis.
Based on the FTIR analysis of each sample of synthetic HAp,
there are PO43", OH", and CO32 groups indicating the hy-
droxyapatite content of the sample. The formation of ma-
jor HAp peaks on XRD data that corresponds to ICDD 01-072-
1243 standard data has reinforced the truth related to the for-
mation of HAp. Hydroxyapatite synthesis with ale-ale shell
waste raw materials by hydrothermal method gives the best
results at a concentration ratio of Ca/P 2.67-pH 13 with a crys-
tallinity of 95.09% and a hexagonal crystal size of 55.81 nm.
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