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 Hydroxyapatite (HAp) is a biomaterial containing calcium phosphate with the chemical 

formula  Ca10(PO4)6(OH)2 which is similar to the structure of human bone, so it is good for 

the purpose of healing human bones and teeth. HAp synthesis has several methods that can 

affect the results of HAp synthesis, such as the method of mixing CaO with phosphate, 

namely mixing with ultrasonic machines and magnetic stirrers. However, the discussion 

about the difference of HAp results with the mixing method of ultrasonic machine and 

magnetic stirrer is still rarely done. Therefore, it is important to examine and compare the 

characteristics of HAp synthesized by ultrasonic and magnetic stirrer mixing. The result of 

XRD test shows that HA1 has a purity of weight percentage (wt.%) of HAp crystal of 99.8%, 

while HA2 has a weight percentage (wt.%) of HAp crystal of 97.7%. For the FTIR test results 

of both specimens detected the presence of phosphate groups, and hydroxide, where both are 

the basic form of hydroxyapatite. Carbonate groups were also detected in the test, but it 

cannot be said to be bad because carbonate is a natural substitute for phosphate. 
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INTRODUCTION 

 

Hydroxyapatite (HAp) is a biomaterial 

containing calcium phosphate with the chemical 

formula Ca10(PO4)6(OH)2  which is similar to the 

structure of human bone, so it is good for the 

purpose of healing human bones and teeth (Irfa et 

al., 2024; Pu’ad et al., 2020; Rachmantio & Irfai, 

2023). Due to its biocompatible, bioactive, and 

osseointegration properties, hydroxyapatite is 

widely used in orthopedics and dentistry as a bone 

substitute and implant coating (Mahdi et al., 2024). 

In addition, HAp has a high specific adsorption 

capacity, so it is useful for developing treatment 

methods in the field of orthopedics (Gade et al., 

2025). 

Various methods have been developed for 

the synthesis of hydroxyapatite, such as wet 

precipitation, sol-gel, and hydrothermal methods. 

However, these methods often require long process 

times and strict parameter control to obtain results 

with suitable morphology and crystal size 

(Laonapakul, 2015). Therefore, an alternative 

approach    utilizes    micro - wave   technology   with 
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Figure 1. HAp synthesis steps. 

 

ultrasonic solution mixing and magnetic stirrer 

stirring. 

The use of ultrasonics in synthesis 

processes plays an important role in accelerating 

chemical reactions through cavitation effects, 

improving the homogeneity of the mixture 

(Nikolaev et al., 2018; Poinern et al., 2009). Mixing 

with a magnetic stirrer maintains the stability of the 

solution and prevents uneven precipitation during 

the reaction process (Perwiranegara, 2022). Mixing 

with magnetic stirrer has been widely used in HAp 

synthesis, while ultrasonic is still rarely used by 

researchers. 

This study aims to synthesize 

hydroxyapatite using the micro wave method with 

ultrasonic mixing and magnetic stirrer and evaluate 

the characteristics of the synthesized results, such as 

morphology, crystal size, to see the potential 

application in biomedicine. 

 

MATERIALS AND METHOD 

 

This research utilized green mussel shells 

collected from the north coastal area of Semarang 

City, Central Java, Indonesia. Before use, the shells 

were cleaned of any remaining meat. Next, the 

shells were dried in the sun until completely dry. 

After drying, the shells were crushed using a crusher 

and sieved to reach a mesh size of 80. The crushed 

powder was then ready to undergo the calcination 

process. The calcination process was carried out 

using a Thermolyne Chamber F6010 Furnace at 

temperatures of 900°C for five hours. 

Figure 1 describes the hydroxyapatite 

synthesis process using the calcination of green 

mussel shells, where the calcination results in the 

form of CaO. The composition of 2.94 grams of 

CaO was mixed with 20 mL of distilled water. The 

mixing process was carried out using ultrasonic and 

magnetic stirrer to compare the hydroxyapatite 

synthesis results. The mixing was carried out for 20 

minutes while the diammonium phosphate mixture 

that had been dissolved with distilled water was 

added. After mixing is complete, then synthesize 

Hydroxyapatite by heating the mixture in the 

microwave at 450 Watt power for 3 minutes. The 

synthesized liquid is then soaked using distilled 

water until its pH reaches a neutral number, namely 

pH 7. After that, the solution is filtered using filter 

paper to reduce water content. The last step is the 

drying process which is carried out using an oven at 

a temperature of 110°C for one hour, or until 

completely dry HAp. The specimen code of this 

research is HA1 for HAp with ultrasonic mixing, 

and HA2 indicates HAp mixing magnetic stirrer.  

Characterization methods used are X-Ray 

Diffraction (XRD), and Fourier Transform Infra-

red (FTIR). XRD is used to characterize the phase 

and crystal structure of a material, both crystalline 

and non-crystalline. Crystalline structure analysis in 

this study used XRD testing with a Malvern 

Panalytical X'PERT3 Powder X-Ray diffractometer 

(Malvern Panalytical, Netherlands). The crystalline 
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phase contained in the sample was identified with 

the help of HighScoor Plus version 3.0e. 

Meanwhile, FTIR was used to analyze the chemical 

compounds contained in HAp. FTIR testing using 

FTIR 8201PC Shimadzu brand with the analysis 

area at wave numbers (4000 − 400 𝑐𝑚)−1. FTIR 

testing was conducted at the UNNES Physics 

Laboratory. 

 

RESULTS AND DISCUSSION 

 

Figure 2 displays the results of X-Ray 

Diffraction (XRD) analysis of HA1 and HA2 

specimens. Specimen HA1 shows the presence of 

Hydroxyapatite (HA), calcite and portlandite 

crystal phases, while HA2 indicates hydroxyapatite 

and pirtlandite crystal phases. The presence of HAp 

crystals in all specimens was validated using the 

Crystallography Open Database (COD) with 

reference code 96-900-6838. HA1 shows HAp 

crystals, as seen in the diffraction peaks at angles 2θ 

= 22.844°, 25.689°, 28.997°, 31.795°, 39.897°, 

44.481°, 46.665°, 49.288°, 53.185°, 64.064°. While 

HA2 diffraction peaks at angles 2θ = 22.848°, 

25.830°, 28.931°, 32.155°, 41.990°, 43.803°, 

48.603°, 50.484°, 53.084°, 66.370°. It also shows 

that the crystalline phase is a hexagonal crystal 

system with lattice constants a = b = 9.4000 Å, and 

c = 6.9300 Å in HA1. While HA2 shows a 

hexagonal crystalline phase with lattice constants a 

= b = 9.4210 Å and c = 6.8930 Å.  According to 

Asra, Yauma et al., (2018), the crystal structure is 

formed by a unit cell, which is a collection of atoms 

arranged periodically in a lattice (Yauma et al., 

2018). The phases indicated at the 2θ angle can 

provide information about the direction of the hkl 

plane (Ali et al., 2022). 

The analysis confirmed in Figure 3 which 

indicates the weight percentage (wt.%) of HAp of 

99.8%, portlandite crystals of 0.1%, and calcite 

crystals of 0.1% for HA1. While HA2 contained 

HAp crystals of 97.7%%, and portlandite contained 

2.3%, and no calcite crystals were detected. 

 

 

 
Figure 2. XRD pattern of HA specimen. 
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(a) 

 
(b) 

Figure 3. Results of rietveld analysis on (a) HA1, and (b) HA2. 
 

This research shows that HA1 is better 

than HA2. This is due to the less than optimal 

synthesis method and processing conditions 

(Charlena et al., 2022). Both specimens can be said 

to be in accordance with medical use standards, 

where the medical standard set is 95% for HAp 

content (Charlena et al., 2022; Fitriyana et al., 2024; 

Rimus et al., 2024).  

Fourier Transform Infra-red (FTIR) 

provides details on the carbonate substitution in the 

phase. FTIR spectrophotometer is a tool that can be 

used for the identification of functional groups. The 

FTIR spectra of HA1 and HA2 specimens are 

shown in Figure 4. In general, HA is characterized 

by various vibrational modes of hydroxyl (OH-) and 

phosphate (PO4
3−). 

All specimens showed vibration modes 

corresponding to phosphate, hydroxyl and 

carbonate groups. Groups PO4
3− have four 

vibration modes, namely symmetrical stretching 

(υ1) at a wave number of about 956 cm-1, symmetric 

bending (υ2) at 430–460 cm-1, asymmetric 

stretching (υ3) at 1040–1090 cm-1, and asymmetric 

bending (υ4) at 575–610 cm-1 (Yauma et al., 2018). 

he results of FTIR analysis show that phosphate 

vibrates at υ2 470.68 cm-1, 464.09 cm-1. υ4 

transmission band at wave numbers 471.14 cm-1, 

557,97 cm-1. The υ3 and υ4 bands of the phosphate 

are asymmetric bands indicating that the specimen 

is not completely amorphous. The hydroxyl bond 

strain was observed in the range of 3645.92 cm-1, 

3498,52 cm-1 in all samples. Carbonate substitution 

in apatite was identified by the characteristic peaks 

of carbonate ion around 866.76 cm-1 (asymmetric 

strain) and 1416.82 cm-1 (symmetric bending). 

Carbonate groups are thought to replace phosphate 

groups and cause contraction in lattice parameters 

(Fitriyana et al., 2024; Gnanasekaran et al., 2024). 
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Figure 4. FTIR spectra of HA1 and HA2. 

 

CONCLUSION 

 

This research shows that HA1 has better purity than 

HA2 which is known through XRD test. HA1 has 

99.8% purity of HAp crystal, while HA2 has 97.7% 

purity of HAp crystal. The purity of both specimens 

meets the standard of medical use, where in its 

application the purity of HAp used is at least 95%. 

The crystalline phase obtained is hexagonal, HA1 

with lattice constants a = b = 9.4000 Å, and c = 

6.9300 Å. While HA2 shows a hexagonal 

crystalline phase with lattice constants a = b = 

9.4210 Å and c = 6.8930 Å. FTIR test results 

detected the presence of PO4
3− (phosphate) groups, 

where phosphate is an important component in the 

formation of HAp. Hydroxide was also detected in 

both specimens. In addition to these two contents, 

both specimens also detected the presence of 

carbonate groups. This cannot be said to be bad, 

because carbonate can be a natural substitute for 

phosphate in bone. The results show that the 

ultrasonic mixing method is more homogeneous 

than the magnetic stirrer. Ultrasonic mixing can 

break particle agglomeration more effectively, 

resulting in a better and more homogeneous 

mixture. The use of ultrasonic mixing is a better 

method for hydroxyapatite synthesis applications. 
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