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Hydroxyapatite is generally utilized in medical fields especially as a substitute to bone 
and teeth. Hydroxyapatite nanoparticles have been succesfully synthesized from 
green mussel shells as a source of calcium carbonate by hydrothermal method. The 
green mussel shells were calcined, hydrated, and undergone carbonation to form 
Precipitated Calcium Carbonate (PCC). The PCC of shells was then added with 
(NH4)2HPO4 with the mole ratio of Ca/P = 1.67. Hydrothermal reaction was carried 
out at 160oC with variations of the holding time (14, 16, and 18 hrs). The formation of 
hydroxyapatite was characterized using XRD and SEM-EDX. The XRD patterns showed 
that the products were hydroxyapatite crystals. The morphology of hydroxyapatite 
observed using SEM showed that the crystal uniformity of hydroxyapatite. The best 
result was obtained at 18 hrs holding time of hydrothermal because the 
hydroxyapatite produced has the highest purity without any impurities phase.  

Keywords:  
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1. Introduction 
 

Hydroxyapatite (HAp) is a bioceramic compound formed from the main elements of calcium and 
phosphorus with the formula Ca10(PO4)6(OH)2. The development of HAp began to be applied in the 
medical world because of its biocompatible and bioactive nature. The use of hydroxyapatite in the 
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medical world has great potential to cure various damages of human bones and teeth [1]. The 
development of hydroxyapatite as a bone implant material has great potential in Indonesia.  

It is due to the high number of bone surgery cases. The absence of hydroxyapatite producers in 
the country to meet these needs has made imported hydroxyapatite increased in high value. As 
recorded in 2016 - 2018, Indonesia has imported more than 5.5 million tons of hydroxyapatite. The 
high amount of demand is directly proportional to the amount of costs that must be incurred. 
According to the Indonesian Central Statistics Agency, the need for bone implants reaches Rp 23 
trillion in 2017 and is predicted to increase to Rp 27 trillion in 2018 [2]. Hydroxyapatite production 
in the future will be more economical due to the use of natural raw materials such as bovine bones, 
fish Scale and eggshells [2,3,4]. In addition to those three ingredients, the green mussel (P. viridis) 
can also be used as a raw material for making hydroxyapatite because the shell of the green mussel 
has a high Calcium Carbonate content [2]. 

Hamester et al., compared the chemical composition of oyster shells, green mussel shells, and 
commercial CaCO3. Table 1 shows the results obtained in the study. Based on Table 1, the content 
of calcium oxide (CaO) in commercial CaCO3 is greater than the content of calcium oxide (CaO) in 
green mussel and oyster. The content of calcium oxide (CaO) in commercial CaCO3, green mussel, 
and oyster are 99.1%, 98.2% and 95.7%, respectively. The content of calcium oxide (CaO) in the 
shells of green mussel is lowest because there were many impurities found [5]. 
 

Table 1 
Comparison of the chemical composition of commercial CaCO3, oyster, and green mussel [5] 
Oxide Content Green Mussel (%) Oyster (%) Commercial CaCO3 (%) 

CaO 95,7 98,2 99,1 
K2O 0,5 - 0,4 
SiO2 0,9 - - 
SrO 0,4 - - 
Fe2O3 0,7 - - 
SO3 0,7 0,7 - 
MgO 0,6 - - 
Al2O3 0,4 - - 

 
The use of green mussel shells as materials to make hydroxyapatite is supported by the high 

yield of green mussel production in Indonesia which reached 309,886 tons in 2018 [6]. The waste of 
green mussel shells reaches 70% of its total weight. Thus, it can be interpreted that the weight of 
green mussel shells waste produced is 216,902 tons. The green mussel shells is one of the natural 
raw materials that can be used for hydroxyapatite synthesis because of its high calcium content 
[2,7-12]. The use of green mussel shells waste as hydroxyapatite synthesis material can be used to 
reduce the potential for environmental pollution, increasing the economic value of waste, and 
reducing the cost of hydroxyapatite production [2]. 

Hydroxyapatite synthesis can be carried out by the sol-gel, mechanochemical, wet-chemical, 
hydrothermal, emulsion, and solid-state methods. The hydrothermal method is widely used for 
hydroxyapatite synthesis because it is able to produce products with high stochiometric and 
crystallinity [13]. Synthesis materials with high stochiometric and crystallinity can be produced by 
the hydrothermal method due to the control of temperature and pressure increase in the reactor. 
This is what causes the hydrothermal method to be more expensive than other methods of 
synthesis [2, 14-16]. Azis et al., conducted a study about hydroxyapatite using calcium obtained 
from blood clam shells. The calcium obtained was purified through the precipitated calcium 
carbonate (PCC) method. The hydroxyapatite synthesis produced in their research was purer 
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because no other apatite compounds were found such as dicalcium phosphate, dibasic phosphate, 
tricalcium phosphate, and the amorph phase of calcium phosphate [9].  

It should be noted from the above literature review, however, that limited studies are available 
on hydroxyapatite (HAp) synthesis from green mussle shells as Indonesian consumable activity 
waste and this has motivated the present study. The objective of the present study was to 
synthesize pure hydroxyapatite crystals from green mussle shells. The synthesis of HAp used the 
hydrothermal method which basic ingredient was green mussel shells that have been purified 
through the precipitated calcium carbonate (PCC) method. 
 
2. Methodology  
 

Figure 1 shows the stages of the calcium carbonate purification process from the green mussel 
shells using the precipitated calcium carbonate (PCC) method. The waste of green mussel shells 
obtained is cleaned, and then dried in the sun. The size reduction of green mussel was done by ball 
milling and filtered with mesh 100. This process produced green mussel shells powder which was 
then calcined at 900°C for 5 hours using the Carbolite (R) furnace.  

The green mussel shells powder before and after calcination was characterized by SEM-EDX and 
XRD. In this study, PCC was made from 17 grams of calcined green mussel shells powder mixed with 
300 ml of 2M HNO3 stirred with a magnetic stirrer at 60°C for 30 minutes. Then NH4OH was added 
until the pH of the solution reached 12, and the solution was filtered using Whatman 42 filter 
paper. The CO2 gas was flowed to the resulting filtrate slowly to precipitate the filtrate. The 
resulting white milky filtrate is called a PCC product. It was then washed and filtered with distilled 
water to a pH value of 7 and then dried at 110°C for 2 hours [9,17]. The resulting PCC was then 
characterized by SEM-EDX and XRD. 

 

 
Fig. 1. The set-up experiments of green mussel shells purification with the PCC method 

 
Figure 2 shows the process of hydroxyapatite synthesis by the hydrothermal method. The 

hydroxyapatite synthesis stage was carried out by mixing precipitated calcium carbonate (PCC) and 
(NH4)2HPO4 with a molar ratio of Ca / P 1.67 and the pH of the mixture 12 adjusted using NH4OH 
25%. This synthesis process was carried out in an autoclave tube in a hydrothermal reactor with the 
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holding time variations of 14, 16 and 18 hours at a constant temperature of 160oC. Next is the 
filtration process used to filter the hydroxyapatite mixture from the rest of the reactants using filter 
paper. The precipitate obtained was then dried at 110oC for 2 hours. The hydroxyapatite produced 
was then characterized by SEM-EDX and XRD methods. 

 

 
Fig. 2. The experiment set-up of the making of hydroxyapatite synthesis by the hydrothermal method 

 
The green mussel shells powder before and after calcination, PCC product and final product 

synthesis (hydroxyapatite) was characterized by SEM-EDX and XRD. X-ray powder diffraction (XRD) 
characterization for amorphicity and crystalline analysis. The obtained materials were characterized 
by X-Ray diffraction using a Shimadzu X-Ray diffractometer model with CuKα radiation (λ = 1.54056 
Ǻ). The diffractograms were recorded in 2θ in the range of 25 to 70°, with step size of 0.05° and 
scan time of 2 s per step. Crystalline phases present in the samples were identified with the help of 
Joint Committee on Powder Diffraction Standards (JCPDS). The morphological structures of the 
synthesized products were obtained and analyzed using scanning electron micrograph (SEM). 
Energy Dispersive X-Ray Analysis (EDX) used to identify the elemental composition of materials [14].  
 
3. Results  
 

Figure 3 shows the comparison of the results of the XRD test on green mussel shells powder, 
calcined green mussel shells powder, and PCC product. In the green mussel shells powder, it is 
shown that the peak of CaCO3 with the highest intensity found at an angle of 2θ respectively 33.1 °, 
31.1 °, and 52.4 °. The phases formed on the green mussel shells powder were predominantly 
aragonite with peaks produced according to JCPDS code 05-0453 [17]. The green mussel shells 
powder calcined at 900 °C has the highest intensity at an angle of 2θ respectively 34.1 °, 18.1 °, and 
50.8 °. The formed phase is Ca(OH)2 with the peak produced according to JCPDS 04-0733 [17]. The 
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PCC product showing the peak of CaCO3 with the highest intensity found at an angle of 2θ 
respectively at 27.1 °, 32.8 ° and 24.9 °. The phase formed in the PCC is dominated by the vaterite 
phase, with the resulting peak having an angle value of 2θ in accordance with JCPDS in code 13-
0192. In addition to that, there are calcite and aragonite crystalline phases according to JCPDS in 
codes 05-0586 and 05-0453 [17]. 
 

 
Fig. 3. The comparison of XRD charts for green mussel shells powder, calcined green mussel shells 
powder, and PCC product 

 
The synthesis of PCC in this study uses Ca (OH) as a base material. The synthesis was carried out 

at room temperature and low CO2 gas flow rates. This resulted in the PCC product forming 
aragonite, calcite and vaterite phases with vaterite being the dominant phase. Synthesis of PCC 
carried out at room temperature and at low CO2 gas flow rates will result in the formation of calcite 
and vaterite phases. In addition, at a low CO2 gas flow rate it will reduce the supersaturation of the 
solution due to the lack of availability of CO2 gas so that the supersaturation of the solution is low. 
At low supersaturation that causes aragonite particles to form [18-25]. 

The comparison of the chemical composition of the green mussel shells powder, green mussel 
after the calcination, and the PCC product are shown in Table 2. The chemical composition was 
obtained from the EDX test results. Shells of green mussels have Ca and C contents of 28.85% and 
17.56%, and there are 0.5% Na impurities. After going through the calcination process, Ca content 
increased and C content decreased. In this process, calcium decomposition occurred, where C 
bound with O to form CO2 gas, and Ca bound with O to CaO. In calcination 900 °C there was not 
found any impurities. PCC product has decreased the Ca content due to the carbonation process, 
namely the addition of CO2 into the solution as evidenced by the increase in the content of C and O. 
The vaterite phase was formed along with the increase in the flow rate of CO2 gas. It happened 
because the amount of CO2 gas added will increase and improve the solubility of CO2 gas in the 
solution [18]. 
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Figure 4 shows the morphological comparison of the green mussel shells powder, green mussel 
shells powder after calcination, and the PCC product. The green mussel shells powder before 
calcination has an irregular shape and resembles a small branching stem which is characteristic of 
aragonite crystals (Figure 4(a)). This is in accordance with research conducted by Huang et al., [19]. 
The crystalline phase on green mussel shells powder after calcination is non-uniform hexagonal 
(Figure 4(b)), which is typical of the portlandite or Ca(OH)2 phase. The morphology is in accordance 
with the research conducted by Jiang et al., [20]. Precipitated calcium carbonate (PCC) product has 
a uniform shape, in which there are spherical crystals that indicate the vaterite phase (Figure 4(c)). 
The results of the study are in accordance with the research conducted by Trushina et al., [21]. 
 
Table 2 
The comparison of the chemical composition of green mussel shells powder, calcined green mussel shells 
powder, and PCC product 

 Mass (%) 

Element Green Mussel Shells Powder Calcined Green Mussel Shells Powder (900℃) PCC product 

C 17.56 7.13 14.11 
O 53.09 51.21 52.41 
Na 0.50 - - 
Ca 28.85 41.66 33.48 
Total 100.00 100.00 100.00 

 

 
(a) 

 
(b) 

 
(c) 

Fig. 4. SEM test results (a) Green mussel shells powder; (b) Green mussel shells powder after 
calcination; (c) PCC product 

 
The formation of hydroxyapatite with material with the vaterite crystalline phase is challenging 

given the amount in nature is not plenty [22]. The application of veterit as a calcium precursor for 
the synthesis of hydroxyapatite is not inferior to other calcium carbonate (CaCO3) minerals, even 
because of the small amount, the demand for vaterite minerals is quite high. That is due to the 
biodegredable nature of vaterite which enable it to be used in body fluids. Vaterite can also be used 
in tissue engineering and regenerative medicine as an implant and scaffold material [21]. Based on 
the hydroxyapatite diffractogram pattern synthesis of the XRD test results shown in Figure 5, the 
three variations of the hydrothermal holding time give a difference to the peak of each 
difractrogam. Based on the JCPDS data number 09-0432, it is shown that the results of the 
synthesis of hydroxyapatite diffractogram in the three hydrothermal variations are dominated by 
hydroxyapatite crystals. In hydroxyapatite synthesis 160oC with holding time of 14 hours and 16 
hours there are still impurities in the form of aragonite, whereas at a hydrothermal temperature of 
160oC for 18 hours pure hydroxyapatite synthesis is produced because no other apatite compounds 
such as dicalcium phosphate, dibasic phosphate, tricalcium phosphate, and amorph phase of 
calcium phosphate were found. These results are in accordance with the research conducted by 
Azis et al., [9]. 
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Fig. 5. The comparison of hydroxyapatite diffractogram graphic with hydrothermal 
holding time variations of 14, 16, and 18 hours 

 
At the hydrothermal holding time variations of 14 and 16 hours, the dominant crystal phase of 

HAp was produced. However, there were still aragonite crystals that had not transformed into HAp 
which was marked by a peak at 62.9o. Moreover, the intensity of the aragonite at peak positions of 
62,9° significantly decreased with increasing reaction time. This reveals that prolonged heating of 
aragonite crystal relaxes the lattice of aragonite to facilitate the formation of Hap. Then, the 
aragonite peaks disappeared due to the complete formation of Hap at a hydrothermal holding time 
of 18 hours [23]. Since hydrothermal reactions take place under constant material conditions, the 
precursors continue to dissolve and form a crystalline phase as the reaction progresses. 
Supersaturation of solutions also decreases gradually and tends to produce materials with a stable 
crystalline phase [24]. The increasing hydrothermal holding time is beneficial for the growth of 
hydroxyapatite crystals, the longer holding time will give longer time for crystal growth. The longer 
the reaction time, the purer the hydroxyapatite is formed [26]. Further prolong the hydrothermal 
holding time, the diffraction peaks become clearer and more integrated, especially on the peak 
peak positions of 31.7°, indicating that the crystallinity of HA is enhanced with the rise of 
hydrothermal holding time [26, 27]. 

Overall, the SEM method test results showed the morphology of the synthesis of hydroxyapatite 
which had clumped and shaped like a ball shown in Figure 6(a), 6(c) and 6(e). Hydroxyapatite 
produced has microsphere morphology. These results are consistent with research conducted by 
Bunaciu et al., Which stated that the precursor material has an important role in morphology, size, 
and composition [28]. The spherical form in the resulting hydroxyapatite synthesis occurs due to 
the mineral form of vaterite as a spherical calcium precursor. In Figure 6(b), 6(d) and 6(f) the 
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observation was carried out with a magnification of 20,000x, it appeared that hydroxyapatite has a 
single particle shape such as a small rod or needle [29]. According to Sadat-Shojai et al., Nano rod 
structures are formed when in an alkaline solution. At high pH, hydroxyapatite grows from spherical 
particles into small rods. Sadat-Shojai et al., added that the hydroxyapatite morphology that is 
generally formed is spherical, non-uniform, and rod-like [30]. 
 

 
Fig. 6. The morphological comparison of SEM hydroxyapatite synthesis test results of 14 
hours (a,b), 16 hours (c,d) and 18 hours (e,f) 

 
4. Conclusions 
 

Hydroxyapatite synthesis made from green mussel shells using the hydrothermal method has 
been successfully carried out. In this study, the green mussel shells purified by the precipitated 
calcium carbonate (PCC) method produced the crystalline phase with the dominance of the vaterite 
phase. The holding time of hydrothermal in hydroxyapatite synthesis made from PCC product with 
the dominance of the vaterite phase affected the quality of the hydroxyapatite synthesis produced. 
At a hydrothermal holding time of 18 hours, high purity hydroxyapatite is produced because no 
other apatite compounds such as dicalcium phosphate, dibasic phosphate, tricalcium phosphate, 
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and amorph phase from other calcium phosphates were produced. Whilst in the 14 and 16 hours 
holding variations, the aragonite phase was still found in the final results of the synthesis process. 
 
Acknowledgement 
This research was funded by Ministry of Research and Technology/National Research and 
Innovation Agency of the Republic of Indonesia, Directorate of Research and Community Services 
(DRPM), for PDUPT Research Grant, No. 225-106/UN7.6.1/PP/2020. 
 
References 
[1] Wu, Shih-Ching, Hsueh-Chuan Hsu, Shih-Kuang Hsu, Ya-Chu Chang, and Wen-Fu Ho. "Synthesis of hydroxyapatite 

from eggshell powders through ball milling and heat treatment." Journal of Asian Ceramic Societies 4, no. 1 
(2016): 85-90. 
https://doi.org/10.1016/j.jascer.2015.12.002 

[2] Fitriyana, Deni Fajar, Rifky Ismail, Yanuar Iman Santosa, Sri Nugroho, Ahmad Jazilussurur Hakim, and Mohammad 
Syahreza Al Mulqi. "Hydroxyapatite Synthesis from Clam Shell Using Hydrothermal Method: A Review." In 2019 
International Biomedical Instrumentation and Technology Conference (IBITeC), vol. 1, pp. 7-11. IEEE, 2019. 
https://doi.org/10.1109/IBITeC46597.2019.9091722 

[3] Kattimani, Vivekanand Sabanna, Sudheer Kondaka, and Krishna Prasad Lingamaneni. "Hydroxyapatite–-Past, 
present, and future in bone regeneration." Bone and Tissue Regeneration Insights 7 (2016): BTRI-S36138. 
https://doi.org/10.4137/BTRI.S36138 

[4] Hamzah, Sofiah, Mohd Sabri Mohd Ghazali, Norhafiza Ilyana Yatim, Jamali Sukaimi, and Maslinda Alias. 
"Characterization Studies of Integrated Hydroxyapatite FROM Fish Scale and Polyether Sulfone Membrane for Ion 
Excahnge Membrane Preparation." Journal of Advanced Research in Applied Sciences and Engineering Technology 
17, no. 1 (2019): 1-12.  

[5] Hamester, Michele Regina Rosa, Palova Santos Balzer, and Daniela Becker. "Characterization of calcium carbonate 
obtained from oyster and mussel shells and incorporation in polypropylene." Materials Research 15, no. 2 (2012): 
204-208. 
https://doi.org/10.1590/S1516-14392012005000014 

[6] Cappenberg, H. A. W. "Some aspects of the Biology of the Green Mussel (Perna viridis, Linnaeus 1758)." (2008): 
33-40. 

[7] Vecchio, Kenneth S., Xing Zhang, Jennifer B. Massie, Mark Wang, and Choll W. Kim. "Conversion of bulk seashells 
to biocompatible hydroxyapatite for bone implants." Acta biomaterialia 3, no. 6 (2007): 910-918. 
https://doi.org/10.1016/j.actbio.2007.06.003 

[8] Bramhe, Sachin, Taik Nam Kim, Avinash Balakrishnan, and Min Cheol Chu. "Conversion from biowaste Venerupis 
clam shells to hydroxyapatite nanowires." Materials Letters 135 (2014): 195-198. 
https://doi.org/10.1016/j.matlet.2014.07.137 

[9] Azis, Yelmida, Novesar Jamarun, Z. Zultiniar, S. Arief, and H. Nur. "Synthesis of hydroxyapatite by hydrothermal 
method from cockle shell (Anadara granosa)." J Chem Pharm Res 7 (2015): 798-804. 

[10] Alif, Matlal Fajri, Wandha Aprillia, and Syukri Arief. "A hydrothermal synthesis of natural hydroxyapatite obtained 
from Corbicula moltkiana freshwater clams shell biowaste." Materials Letters 230 (2018): 40-43. 
https://doi.org/10.1016/j.matlet.2018.07.034 

[11] Chen, Jingdi, Zhenliang Wen, Shengnan Zhong, Zihao Wang, Jiulin Wu, and Qiqing Zhang. "Synthesis of 
hydroxyapatite nanorods from abalone shells via hydrothermal solid-state conversion." Materials & Design 87 
(2015): 445-449. 
https://doi.org/10.1016/j.matdes.2015.08.056 

[12] Khiri, Mohammad Zulhasif Ahmad, Khamirul Amin Matori, Norhazlin Zainuddin, Che Azurahanim Che Abdullah, 
Zarifah Nadakkavil Alassan, Nur Fadilah Baharuddin, and Mohd Hafiz Mohd Zaid. "The usability of ark clam shell 
(Anadara granosa) as calcium precursor to produce hydroxyapatite nanoparticle via wet chemical precipitate 
method in various sintering temperature." SpringerPlus 5, no. 1 (2016): 1206. 
https://doi.org/10.1186/s40064-016-2824-y 

[13] Laonapakul, Teerawat. "Synthesis of hydroxyapatite from biogenic wastes." Engineering and Applied Science 
Research 42, no. 3 (2015): 269-275. 

[14] Fitriyana, D. F., Hazwani Suhaimi, R. Noferi, and Wahyu Caesarendra. "Synthesis of Na-P Zeolite from Geothermal 
Sludge." In NAC 2019, pp. 51-59. Springer, Singapore, 2020. 
https://doi.org/10.1007/978-981-15-2294-9_5 

https://doi.org/10.1016/j.jascer.2015.12.002
https://doi.org/10.1109/IBITeC46597.2019.9091722
https://doi.org/10.4137/BTRI.S36138
https://doi.org/10.1590/S1516-14392012005000014
https://doi.org/10.1016/j.actbio.2007.06.003
https://doi.org/10.1016/j.matlet.2014.07.137
https://doi.org/10.1016/j.matlet.2018.07.034
https://doi.org/10.1016/j.matdes.2015.08.056
https://doi.org/10.1186/s40064-016-2824-y
https://doi.org/10.1007/978-981-15-2294-9_5


Journal of Advanced Research in Fluid Mechanics and Thermal Sciences 

Volume 80, Issue 1 (2021) 84-93 

93 
 

[15] Sulardjaka, Sulardjaka, Deni Fajar Fitriyana Deni Fajar Fitriyana, and A. P. Adi. "Synthesis of Zeolite from 
Geothermal Waste." Applied Mechanics and Materials 660 (2014): 157-161. 
https://doi.org/10.4028/www.scientific.net/AMM.660.157 

[16] Fatimah, M., A. Shaaban, and S. Seliman. "Overview: Process Parameters for Hydrothermal Synthesis of Hap." J. 
Adv. Manuf. Technol 5, no. 2 (2012): 47-59. 

[17] Ismail R, Fitriyana D F, Santosa Y I, Nugroho S, Hakim A J, Al Mulqi M S, Jamari J, Bayuseno A P. "Precipitated 
calcium carbonate made from green mussel (Perna Viridis) shells for a candidate of biomaterial." 2020. 

[18] Lailiyah, Qudsiyyatul, Malik Anjelh Baqiya, and Darminto Darminto. "Pengaruh Temperatur dan Laju Aliran Gas 
CO2 pada Sintesis Kalsium Karbonat Presipitat dengan Metode Bubbling." Jurnal Sains dan Seni ITS 1, no. 1 (2012): 
B6-B10. 

[19] Huang, Zeng-Qiong, Gang-Sheng Zhang, and Yuan Tan. "Gelatinous Siphon Sheath Templates the Starfruit-Shaped 
Aragonite Aggregate Growth." Journal of Nanomaterials 2019 (2019). 
https://doi.org/10.1155/2019/7328478 

[20] Jiang, Jinyang, Qi Zheng, Dongshuai Hou, Yiru Yan, Heng Chen, Wei She, Shengping Wu, Dong Guo, and Wei Sun. 
"Calcite crystallization in the cement system: morphological diversity, growth mechanism and shape 
evolution." Physical Chemistry Chemical Physics 20, no. 20 (2018): 14174-14181. 
https://doi.org/10.1039/C8CP01979G 

[21] Trushina, Daria B., Tatiana V. Bukreeva, Mikhail V. Kovalchuk, and Maria N. Antipina. "CaCO3 vaterite 
microparticles for biomedical and personal care applications." Materials Science and Engineering: C 45 (2014): 
644-658. 
https://doi.org/10.1016/j.msec.2014.04.050 

[22] Konopacka-Łyskawa, Donata. "Synthesis methods and favorable conditions for spherical vaterite precipitation: a 
review." Crystals 9, no. 4 (2019): 223. 
https://doi.org/10.3390/cryst9040223 

[23] Balu, Satheeshkumar, Manisha Vidyavathy Sundaradoss, Swetha Andra, and Jaison Jeevanandam. "Facile biogenic 
fabrication of hydroxyapatite nanorods using cuttlefish bone and their bactericidal and biocompatibility 
study." Beilstein Journal of Nanotechnology 11, no. 1 (2020): 285-295. 
https://doi.org/10.3762/bjnano.11.21 

[24] Zhu, Yan, Lingling Xu, Chenhui Liu, Caoning Zhang, and Nan Wu. "Nucleation and growth of hydroxyapatite 
nanocrystals by hydrothermal method." AIP Advances 8, no. 8 (2018): 085221. 
https://doi.org/10.1063/1.5034441 

[25] Ramakrishna, Chilakala, Thriveni Thenepalli, and Ji Whan Ahn. "A brief review of aragonite precipitated calcium 

carbonate (PCC) synthesis methods and its applications." Korean Chem. Eng. Res.(화학공학) 55, no. 4 (2017): 

443-455. 
[26] Manafi, S., Joughehdoust, S. “Synthesis of Hydroxyapatite Nanostructure by Hydrothermal Condition for 

Biomedical Application.” Iranian Journal of Pharmaceutical Sciences 5, no. 2 (2009): 89-94. 
[27] Jin, Xiaoying, Xiaohu Chen, Yute Cheng, Longshen Wang, Bing Hu, and Junjun Tan. "Effects of hydrothermal 

temperature and time on hydrothermal synthesis of colloidal hydroxyapatite nanorods in the presence of sodium 
citrate." Journal of colloid and interface science 450 (2015): 151-158. 
https://doi.org/10.1016/j.jcis.2015.03.010 

[28] Bunaciu, Andrei A., Elena Gabriela UdriŞTioiu, and Hassan Y. Aboul-Enein. "X-ray diffraction: instrumentation and 
applications." Critical reviews in analytical chemistry 45, no. 4 (2015): 289-299. 
https://doi.org/10.1080/10408347.2014.949616 

[29] Rahim, Toibah Abd, Fatimah Misran, Zaleha Mustafa, and Zurina Shamsudin. "Eggshell Derived Calcium 
Phosphate and Its Conversion to Dense Bodies." Journal of Advanced Research in Fluid Mechanics and Thermal 
Sciences 65, no. 2 (2020): 334-341. 

[30] Sadat-Shojai, Mehdi, Mohammad-Taghi Khorasani, Ehsan Dinpanah-Khoshdargi, and Ahmad Jamshidi. "Synthesis 
methods for nanosized hydroxyapatite with diverse structures." Acta biomaterialia 9, no. 8 (2013): 7591-7621. 
https://doi.org/10.1016/j.actbio.2013.04.012 

https://doi.org/10.4028/www.scientific.net/AMM.660.157
https://doi.org/10.1155/2019/7328478
https://doi.org/10.1039/C8CP01979G
https://doi.org/10.1016/j.msec.2014.04.050
https://doi.org/10.3390/cryst9040223
https://doi.org/10.3762/bjnano.11.21
https://doi.org/10.1063/1.5034441
https://doi.org/10.1016/j.jcis.2015.03.010
https://doi.org/10.1080/10408347.2014.949616
https://doi.org/10.1016/j.actbio.2013.04.012

