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Hydroxyapatite (HAp) powder, one of the biomaterials derived from natural
sources, could be used in biomedical applications. In this research, the
synthesized-HAp powder from Anadara Granosa shells as raw materials had a
high calcium carbonate content with variations in deposition time using the
precipitation method. Variations of deposition time used were 0 (S0), 24 (S24),
and 48 (S48) hours. Fourier Transform Infrared (FTIR), X-Ray Diffractions
(XRD), and Scanning Electron Microscopy (SEM) were used to investigate the
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chemical structure, phase analysis, and morphology of the synthesized HAp
powder. FTIR results of the SO, S24, and S48 showed that the functional groups
P0O3~, CO%~, and OH~were formed at variations in the deposition time. The
XRD results showed that the smallest of crystallite size of S48 was 26.03 nm,
and the crystallinity degree of S24 was 38.74%. The grain dispersity of the
synthesized-hydroxyapatite powder from SEM results were uniform,
agglomeration, and spherical, irregular shape. The Ca, P, Mg, and Si

Corresponding Author:

Kartika Sari,
Email: kartika.sari@unsoed.ac.id

compositions were shown in the synthesized-hydroxyapatite powder. The
deposition time affects the synthesized-Hydroxyapatite (HAp) powder from the
Anadara Granosa shell, and it is a potential raw material for biomedical
applications.

Copyright © 2024 Author(s)

1. INTRODUCTION

Biomaterials are materials sourced from natural or man-made materials that are used as
substitutes for body tissues and can interact with the biological systems of the body (Sari & Yusuf,
2018). Synthetic biomaterials are used as a material for the healing or restoration of bone tissue and as
an implantation technology in orthopedic surgery, so they are expected to increase the growth of cells
in the replaced tissue (Ismail et al., 2021). One type of biomaterial is Hydroxyapatite (HAp) (Saharudin
et al., 2017; Dhanaraj et al., 2018).
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HAp ((Caw(PO4)s(OH): is one of the most widely used types of apatite or calcium phosphate in
the medical world because of its good compatibility and chemical and physical mineral content similar
to human bones and teeth (Siswanto et al., 2019; Bulut et al., 2023; Kareem et al., 2024). HAp sources
are often found in beef bones, clam shells, and crab shells (Afriani et al., 2020; Tjandra et al., 2023).
The availability of HAp is a major problem for dentists as the primary users of this biomaterial. So far,
HAp is still imported with a market price of one million rupiah per gram (Tanzi et al., 2019). HAp is the
primary inorganic component of bone hard tissue and accounts for 60-70% of the mineral phase in bones
(Fitriyana et al., 2019; Tjandra et al., 2023). HAp has biocompatibility, which is essential for biomedical
applications (Dhanaraj & Suresh, 2018; Taji et al., 2022). HAp has a high calcium content, a hexagonal
structure, and a constant or stable stable potassium phosphate crystalline phase. HAp has the advantages
of being hollow, non-corrosive, active for tissues, and a stable compound in body fluids compared to
other bone-forming compounds (Khoiriyah, 2018). HAp also has disadvantages, namely its brittle nature
(Pu’ad et al., 2019; Zainol et al., 2022). HAp is found in animal bones such as fish and beef bones. HAp
can be produced using various methods, including the hydrothermal method, continuous deposition, sol-
gel method, solid-phase reaction, and electrophoretic deposition (Azis et al., 2015; Odusote et al., 2019;
Kadir et al., 2022). HAp cannot be said to be a cheap biomaterial because the price per gram is one
million rupiah. The availability of HAp is a primary matter for doctors, especially dentists (Tjandra et
al., 2023).

The properties and synthesis methods of HAp have been studied by several researchers, however
the process is expensive, complex, and time-consuming (Wu et al., 2023). Recently, there has been an
increase in interest in creating high-performance hydroxyapatite powders by the natural resource
synthesis of HAP. Nonetheless, research focusing on the simple and affordable production of HAp
utilizing biowaste resources is still limited. Therefore, there is much promise for research on HAp
synthesis from biowaste. The previous research has been carried out using abalone shells containing
hydroxyapatite, which are suitable as biomaterial candidates with the most optimum variation of settling
time, namely 48 hours based on crystal size, particle size, degree of crystallinity, and polydispersity
(Mtavangu et al., 2022). The source of hydroxyapatite is Anadara Granosa shells because the primary
content is calcium carbonate (CaCOs) which reaches 59.87%. Calcium carbonate can be broken down
into calcium oxide (CaO) and hydroxyapatite (Caio(PO)s(OH)2) (Pazarlioglu & Salman, 2019). Anadara
Granosa shells are easy to find in Indonesia. Utilization of Anadara Granosa shells can increase the sale
value of shellfish, reduce solid waste in the environment, and use natural materials to replace bone
components (Almukarrama & Yusuf, 2019; Srichanachaichok & Pissuwan, 2023).

In this work, the synthesis and characterization of HAp based on Anadara Granosa shells with
variations in deposition time using the precipitation method can be done. The characterization of HAp
based on Anadara Granosa shells with variations in deposition time using 0, 24, and 48 hours was
carried out to determine the functional groups using a Fourier-Transform Infrared Spectrometer (FTIR),
the crystallite size, degree of crystallinity, and lattice strain using X-Ray Diffraction (XRD), and grain
dispersity of the hydroxyapatite (HAp) powder using Scanning Electron Microscopy (SEM). The
synthesized-HAp powder from Anadara Granosa shells is simple, low-cost, eco-friendly, and a potential
raw material for biomedical applications.

2. METHOD

2.1 Materials and Tools

The main material used in producing HAp Powder in this research is Anadara Granosa Shells.
To produce HAp Powder, Calcium Oxide (CaO) and Ca(OH). (Calcium Hydroxide) must first be
synthesized from Anadara Granosa Shells. After obtaining the synthesis results, Hydroxyapatite
((Ca10(PO4)s(OH)2) powder can be produced. The synthesis process requires the following materials:
Aquades DM, Phosphoric acid (HsPO.) of about 85%, Sodium Oxide (NaOH), sieved paper, pH meter
sheets, specimen sheets, and Aluminum Foil.
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After the HAp powder is synthesized, the following process is the characterization process using
FTIR, XRD, and SEM. The FTIR is the Shimadzu 8201 PC FTIR spectrophotometer, the XRD is the
type Rigaku D/max 2500 V diffractometer, and the SEM is the type JEOL, JSM-6510LA.

2.2 Preparation Synthesis of CaO and Ca(OH), powder from Anadara Granosa Shells

Figure 1 illustrates the synthesis process of CaO powder, which commenced by separating the
shells of Anadara Granosa and thoroughly washing them until clean. The reaction of CaCO3 to CaO can
be seen in equation (1).

CaCO; — CaO+CO; (1)

Andara Granosa shells Drying box Grinding Milling machine
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sieve furnace

Figure 1 Synthesis of CaO Powder from Anadara Granosa Shells.

The cleaned Anadara Granosa shells were subsequently dried, baked, and ground to obtain
CaCO3 powder. This CaCO3 powder underwent calcination for 3 hours to yield CaO powder. Following
the calcination process, any remaining organic compounds in the sample were removed. The resulting
Calcium Oxide was then ready for use. The synthesis of Ca(OH). powder from Anadara Granosa Shells
is depicted in Figure 2 as the subsequent step.

Aquades (40 Powders Mixingwith Sieved using a Drying box Ca(OH, ) Powders

magneficstier  Whatian sheet

Figure 2 Synthesis of Ca(OH), Powder from CaO powder of Anadara Granosa Shells.

Figure 2 depicts that the synthesis stage of Ca(OH), powder was carried out by mixing CaO
powder and distilled water using a hot plate magnetic stirrer and filtering to obtain a residue for one
week. The residue is dried and becomes Ca(OH), powder. The reaction of CaO to Ca(OH); is as equation

2).
2Ca0 + 2H,0 —  2Ca(OH), 2

The formed-Calcium Hydroxide (Ca(OH),) will be used as a material for the synthesized-HAp powder.

2.3 Preparation Synthesis of Hydroxyapatite powder from Anadara Granosa Shells

The synthesis stage of HAp powder from Anadara Granosa Shells is shown in Figure 3. The
reaction of Ca(OH), to HAp powder is as in equation (3).
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10C&(OH)2 + 6H3;POs — Calo(PO4)5(OH)2 + 18H,0 (3)
A BT
4 & &= ,
Ca(OH, ) Rowder Aquade o Mixing with the H.PO - o
Aquadest magnetic stirrer 3P4 Aquadest Dropped with NaOH

solution
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Figure 3 Synthesis of Hydroxyapatite Powder from Ca(OH)s.

Figure 3 depicts the synthesis of HAp powders, which involved mixing Ca(OH). powder and
distilled water using a hot plate magnetic stirrer. Subsequently, H3PO4 mixed with distilled water was
added dropwise to the mixture. The mixture was then adjusted to pH 10 by adding NaOH solution and
precipitated according to two different setting times: 24 hours (S24) and 48 hours (S48). After
precipitation, the resulting solution was dried, sintered, and sieved. The process of producing HAp
powder using the precipitation method is illustrated in Figure 4.

Figure 4 HAp Powder from Anadara Granosa Shells.

2.4 Characterization of HAp Powder from Anadara Granosa Shells

The HAp powder was characterized using FTIR, XRD, and SEM techniques. FTIR
spectrometry identified Ca-CO; functional groups. FTIR spectra of HAp Powder from Anadara Granosa
Shells (S0, S24, and S48) were recorded at 1 cm™ resolution in transmission mode (400-4000 cm™).
Samples were mixed with KBr powder and pressed into pellets. Furthermore, XRD determined crystal
size, crystallinity, and lattice strain, analyzing changes based on peak positions. XRD analysis utilized
with Cu-Ka radiation (1 = 1.54060 A), operating at 40 kV and 30 mA, with divergence slit/scattering
slit settings and a 0.3 mm receiving one. Then, SEM assessed grain dispersity by capturing the surface
of HAp Powder. Images from SEM were analyzed using Image J and Origin 10 software for sample
morphology and grain dispersity assessment.
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3. RESULTS AND DISCUSSION

The synthesized-HAp powder used a variation of settling time, namely 0 (S0), 24 (S24), and 48
(S48) hours, respectively. FTIR analysis is used to identify functional groups to determine PO,*, and
OH- groups in HAp powder. Result of FTIR spectra for HAp powder from Anadara Granosa shells with
a variation of deposition time is shown in Figure 5 and Table 1.

Transmitannce (a.u.)

1 1 1 1 1 1 1 1 1
4000 3600 3200 2800 2400 2000 1600 1200 800 400

Wave Number (cm)

Figure 5 FTIR Spectra of the Synthesized-HAp powder (a) SO, (b) S24, and (c) S48.

Figure 5 and Table 1 present the FTIR spectra of synthesized-HAp powder from Anadara
Granosa shells. The spectra reveal prominent chemical groups, notably COs?", OH-, and PO.*. In the SO
spectrum, distinct characteristics are observed in both the functional group and fingerprint regions. The
functional group region indicates the presence of the O-H functional group, while the fingerprint region
suggests the presence of CO3;> and PO,*. The phosphate group (PO.*) exhibits bending at 563.21 cm™,
typically observed in the 500 to 900 cm™* range. Carbonate groups (CO3?") are detected at wave numbers
ranging from 717.52 to 941.26 cm*. Another phosphate group (PO.*) is observed at 1080.14 cm™,
indicating stretching. Additionally, stretching of the (OH-) group is detected at 3448.72 cm™.

Table 1 The Resulting Spectrum of FTIR on Hydroxyapatite.

Functional Wave Number (cm™) Vibration
groups 0 hour 24 hours 48 hours Types
1. PO 563,21 563.21 563,21 Bending
2. CO3z* 717,52 717.52 717,52 Bending
3. COs* 941,26 948.98 948,98 Bending
4, PO 1080,14 1080.14 1087,85 Stretching
1080,1- 1080,1- 1087,8— .
5 c-0 1041.56 104156 104156  Bending
6. COz* 1442,75 1442,75 1458,18 Stretching
1635,6— 1635,6— .
7. Cc=0 144275 144275 1635,64  Stretching
8 p- 2368,5— 2368,59 — 2368,5— Bending
' 2337,72 2276 2337,72
O-H 3448,72 3448,72 3448,72  Stretching

92
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For S24 and S48 spectra, similar functional groups are detected in both the functional group and
fingerprint regions. The phosphate group (PO4*) is observed at 1087.85 cm™, with no significant
changes noted across time variations. Bending vibration occurs in the 700-900 cm- range, and carbonate
groups (COs?) are also detected. Furthermore, a stretching vibration of the phosphate group (PO4*) is
observed at 1087.85 cm, while the (OH-) group is detected at 3448.72 cm™. The intensity of HAp
groups at wave numbers 3448 and 941 cm suggests the presence of hydroxyl and phosphate groups.
Comparing deposition time variations reveals no significant changes in the spectra pattern. The
functional groups PO.*, COs%, and OH- are consistently present in the HAp powder, indicating its
composition. Although peaks are not sharply defined due to HAp's nature as an inorganic polymer,
sharper peaks of PO, and OH- groups suggest higher absorption intensity (Rizkayanti & Yusuf, 2018;
Mtavangu et al., 2022; Szterner & Biernat, 2022).

The intensity of absorption is directly proportional to the content of PO,*> and OH-. Higher
absorption intensity indicates a higher content of PO,* and OH-. Also, HAp exhibits good crystallinity
growth, indicated by the sharper peaks of PO, The analysis of precipitation time variations revealed
that the phosphate group (PO4*) exhibited a sharper peak at wave number 1087.85 cm- with a deposition
time of 48 hours compared to other variations. This condition suggests that the 48-hour variation
experienced better crystallinity growth. Since the functional groups CO3? and PO4* obtained from the
FTIR results overlap, the value of the stretching vibration can be determined as a force constant.

XRD characterization of the synthesized-HAp powder from Anadara Granosa shells was
conducted to determine phase structure, crystallite size, lattice strain, and crystallinity degree. The
crystallite size was determined using the Debye-Scherer equation (1), the degree of crystallinity was
measured using equation (2), and lattice strain was measured using equation (3). The diffraction peak
width of the HAp plane was measured at half of the maximum intensity.

kA 1)
D =
S cos 6
X = —2 5 100% @)
C A+ A,
B ©
4tan @

where D is the average crystallite size (nm), k is Scherrer constant (0.89), 4 is the X-ray wavelength (1.5
A), B is the line broadening at FWHM (radians), 6 is the Bragg’s Angle (degrees), X. is the degree of
crystallinity, Ac is crystalline, and A, is amorphous diffraction patterns, and ¢ is lattice strain.

()

Intensity (a.u.)
1
Cs

(a)

5 10 15 20 25 30 35 40 45 50 55 60 65 70 75
20 (deg)
Figure 6 XRD Difractogram of HAp powder (a) SO, (b) S24, and (c) S48.
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The X-ray diffraction (XRD) patterns of HAp powder derived from Anadara Granosa shells at
different deposition times (SO, S24, and S48) are presented in Figure 6. In Figure 6(a), the peaks of SO
are observed at 20 = 25 — 550. Moving to Figure 6(b), the peaks of S24 have shifted to the right side,
with the highest peak appearing around 20 = 53°. Finally, Figure 6(c) illustrates the reduced peaks of
S48, concentrated around 20 = 50 — 65°. The XRD phases of SO, S24, and S48 were identified as
hexagonal crystal forms based on comparison with the standard Joint Committee on Powder Diffraction
Standards (JCPDS Card No. 9 - 432). The crystallinity degree of SO, S24, and S48 is illustrated in Figure

38 - 3Ee107
- " ’
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— 3 6w10? W ! _
K34 v 4 E
=
8 | F 34x107 4 Y ! ®
o - i\ U y M
530 E \ A i "
> B 32104 i ¢ 2
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O 24 4 ) AT
2] 2,8010° 4 Yt~
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30 g24 348 0 janm 24 jam 48 jarm
Sample Sampel
(@) (b)

Figure 7 Cristalinitity Degree of HAp powder (a) and Crystallite Size and Lattice Strain of HAp Powder (b) of
S0, S24, and S48

The crystallinity degree of HAp powder and the crystallite size and lattice strain of SO, S24, and
S48 are examined (Figure 7). The crystallinity degree for SO, S24, and S48 is recorded as 20.84%,
25.57%, and 38.75%, respectively. The deposition time is observed to influence an increase in
crystallinity degree due to the homogeneous dispersion of HAp powders. Conversely, the crystallite size
and lattice strain of SO, S24, and S48 are measured as 40.40 nm, 28.43 nm, and 26.03 nm, respectively.
The deposition time tends to decrease the crystallite size while significantly increasing the lattice strain.
Longer deposition times result in smaller lattice strain values, as larger grain sizes lead to closer atom
distances within the crystal, thereby reducing lattice strain.

Figure 8 SEM pattern of Hydroxyapatite powder (a) SO, (b) S24, and (c) S48.

Consequently, the crystallite size of hydroxyapatite powder exhibits an inverse relationship with
the lattice strain value. The obtained lattice strain indicates the occurrence of tensile strain within the
crystal lattice. The relationship between the crystallite size of the synthesized-HAp powder and lattice
strain is crucial in the welding process, where powder deformation causes a decrease in lattice strain
value and an increase in crystallite size. Lattice deformation arises from lattice and crystal defects due

94 Jurnal Ilmu Fisika, 16 (1), March 2024, pp. 88-96



Sunardi et al.: The Synthesized-Hydroxyapatite Powder from Anadara Granosa Shells using Deposition ...

to plastic deformation resulting from atom movement and positional changes within the crystal structure,
commonly called dislocation movement.

Figures 8 depict the surface morphology of SO, S24, and S48 derived from Anadara Granosa
shells, exhibiting variations in deposition time. The grain dispersity of SO, S24, and S48 appears
homogenous initially. However, as the deposition time increases, the homogeneity of grain dispersity
diminishes. The results suggest highly agglomerated particles with relatively dispersed characteristics.
The particles exhibit spherical-shaped morphology and are prone to agglomeration. Furthermore, the
variation in deposition time can impact the material's particle size distribution, resulting in reduced
empty spaces within the sample.

4. CONCLUSION

The results of the study can be concluded that the synthesis of hydroxyapatite from Anadara
Granosa shells using the precipitation method with a variation of deposition time of the SO, S24, and
S48 hours was successfully carried out. The functional groups present in the hydroxyapatite synthesis
of the SO, S24, and S48 hours indicated the presence of PO3~, C0%~, and OH~ groups which indicated
the presence of hydroxyapatite. Pure hydroxyapatite (SO) was not obtained due to the presence of CO-
contaminants, so it was substituted with carbonate (CO%7) in the hydroxyapatite crystal lattice. The
hydroxyapatite crystal structure resulting from the precipitation method with variations in deposition
time is obtained in the form of crystals. The crystallite size, crystallinity degree, and lattice wave of the
S0, S24, and S48 hours resulted in a greater value. From XRD results the deposition time can affect the
decreased crystallite size, and increased crystallinity degree, but significantly increase the lattice strain.
The results of SEM are the grain dispersity of S0, S24, and S48 dispersed homogen. The research
concluded that variation in deposition time has affected the surface morphology, cross-section
morphology, and mechanical characteristics. HAp derived from Anadara Granosa shells is simple, low-
cost, eco-friendly, and a potential raw material for synthesizing hydroxyapatite for biomedical
applications.
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