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Abstract. Utilization of duck egg shells as a source of calcium for the synthesis of hydroxyapatite (HAp) has been carried
out by precipitation method. The precipitation method is the most commonly used option in terms of its convenience. This
study aims to determine the chemical components of duck egg shells before and after calcination, and to analyze the effect
of variations in sintering temperature on HAp. Characterization carried out using XRF and XRD as well as testing the mass
efficiency of HAp at sintering temperatures of 700°C, 800°C, 900°C, and 1000°C for 5 hours. XRF analysis showed that
the main components of duck egg shells before and after calcination were 99.02% CaCOs3 and 93.95% CaO, and the main
component of HAp contained CaO and P>0Os. XRD analysis showed that the phase formed was HAp with a hexagonal
crystal structure. The HAp sintered at various temperatures produced crystal sizes of respectively 14.18 nm; 20.87 nm;
30.56 nm; and 31.73 nm with a mass efficiency of 61.78%; 58.84%; 58.62%; and 57.47%. The best result was sintering at
800°C, which give the optimum condition for HAp for application as bone and dental implants.

INTRODUCTION

The development of research in the fields of industry and technology has an impact on increasing material
requirements. In the medical world, one of the uses of the material is an implant. Bio-ceramic is a synthetic biomaterial
that is continuously developed and is a well-known implant material because it has several advantages compared to
polymer or metal biomaterials, including having good biocompatibility with body cells, non-toxic and does not
damage cells in the human body [1]. The advantages of bio-ceramics make it a material that continues used in the
development of medical science, especially for bones and teeth caused by the increasing cases of fractures and tooth
decay [2]. Bio-ceramics can be synthesized from materials rich in calcium, such as beef bones, fish bones, clam shells,
and egg shells [3-7]. Duck egg shell is one of the materials that have the potential as a bio-ceramic material that is
easily obtained.

Generally, duck egg shells are considered as unused waste and have no economic value, so most of them are just
thrown away. Based on several references, duck egg shells contain high calcium carbonate (CaCOs3) up to 99% which
can be used as a source of calcium for the synthesis of hydroxyapatite (HAp) [2, 8-9]. Hydroxyapatite (Cai0(PO4)sOHy)
is a bio-ceramic compound formed from the main elements calcium and phosphorus with a Ca/P ratio of 1.667 [10-
12]. The advantages of HAp are that it has biocompatibility, non-toxic, non-immunogenic, non-inflammatory, and
bioactive properties and has the same crystal structure as hydroxyapatite in human bones and teeth [8,13-15].

The use of HAp material in the medical field has several characteristics such as crystal size, lattice parameters and
crystal structure. HAp has the same crystal size as bone and tooth HAp crystal size, which is in the range of 20-50 nm
[16-17]. The crystal structure of HAp can be monoclinic or hexagonal. The Hydroxyapatite with a monoclinic structure
was obtained under pure conditions with a stoichiometric composition, with a Ca/P ratio of 1.667 [10,18]. HAp has a
stable calcium phosphate crystal phase with lattice parameters, namely a=b = 9.42 A and ¢ = 6.88 A [19].

Based on research conducted by Agbabiaka et al [11], chicken egg shells can be used as a source of calcium for
the synthesis of HAp and orthophosphoric acid (HsPOs) as a source of phosphorus. The results showed that the best
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sample of HAp synthesized using the hydrothermal method was produced at a temperature of 1000°C. At this
temperature, the Ca/P stoichiometric ratio of 1.65 is close to the natural bone stoichiometric ratio of 1.667 [10].

Based on this explanation, a research was conducted on the synthesis of HAp from duck eggshell as a source of
calcium and di-ammonium hydrogen phosphate ((NH4)2:HPO.) as a source of phosphorus using the precipitation
method by varying the sintering temperature. The precipitation method is part of the well-known and most widely
used wet chemical method. It has several advantages, such as the price of the raw materials needed is cheaper, the
chemical reaction is relatively simple, the size and homogeneity of the particle size obtained tend to be better. The
byproduct is only water, does not pollute the environment and contamination during processing is very low so that in
the production process it produces a high level of purity [14, 20]. The presence of diffusion events at high sintering
temperatures causes the incorporation of powder particles, fine particle bonds formed between the powder surfaces.
The bond can increase the strength and physical properties of a sample. The sintering process is by heating the HAp
below its melting point of 1250°C [16, 21-22].

This study aimed to determine the chemical composition of duck egg shells and the resulting HAp, as well as to
analyze the effect of sintering temperature on the structural properties and mass efficiency of HAp. To determine the
chemical composition, structure, crystal size, elements, and lattice parameters, analysis was using X-ray fluorescence
(XRF) and X-Ray Diffraction (XRD), as well as testing the mass efficiency of HAp. The resulting HAp is expected
use in the medical world as a bio-ceramic application.

MATERIAL AND METHODS

The duck egg shell, di-ammonium hydrogen phosphate ((NH4)2HPQO,), and distilled water are used as raw material.
Duck egg shells are washed thoroughly to remove dirt that is still attached to the shell. Clean egg shells are boiled for
30 minutes. Furthermore, in a warm state, the white layer (mammary layer and membrane layer) is separated from the
egg shell. Then, the egg shells are dried for 24 hours. The dried egg shells were mashed using a mortar and then sieved
using a 200 mesh. Furthermore, the egg shells were calcined in a furnace at a temperature of 800°C for 3 hours to
produce CaO.

A 2.83 grams of CaO was dissolved in 100 ml of distilled water was marked as the first solution. Then 3.97 grams
((NH4).HPOs) was also dissolved in 100 ml of distilled water and marked as the second solution. The first solution
was stirred for 10 minutes at a speed of 350 rpm, the same treatment applies to the second solution. After that, the
phosphate precursor solution was slowly mixed into the calcium hydroxide (Ca(OH),) suspension. The second
solution added by titration method at a rate of 10 ml/min into the first solution at 350 rpm until well mixed. After the
(NH4),HPO, solution mixed, the mixture covered with aluminum foil and allowed to stand for 18 hours to form a
precipitate. The resulting precipitate was then filtered using filter paper and washed with distilled water 3 times. After
that, it dried at 110°C for 3 hours. The sintering process carried out at 700°C, 800°C, 900°C, and 1000°C for 5 hours.
Hydroxyapatite that has synthesized using the precipitation method is then calculated using the equation [23-26]:

Hydroxyapatite mass

Hydroxyapatite mass efficiency = x100% (1)

initial mass of calcium and phosphoric acid

To determine the chemical composition, analysis using X-ray fluorescence (XRF) carried out on the entire sample.
The analysis uses an X-Ray Diffraction (XRD) instrument to identify the structure, crystal size, elements, and lattice
parameters of a material through the intensity peaks that appear. Crystal size can be calculated using Debye Scherrer's

equation as follows [27]:
_ 092
- Bcos 6 (2)

Debye Schrerrer's equation shows the relationship between crystal size values and FWHM values.

RESULTS AND DISCUSSION

The results of the preparation of duck egg shells were characterized using X-Ray Fluorescence (XRF) to determine
the chemical components contained in the egg shells. Based on the results of XRF analysis, duck egg shells contain
99.02% calcium carbonate (CaCOs) as the main component. These r esults are in accordance with research conducted
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by Sabir et al (2020) who reported that the main content of duck egg shells was CaCO3 99.63% [2]. The high CaCO3
content can be used as a source of calcium for the synthesis of HAp.

Calcium contained in duck egg shells is a compound of calcium carbonate (CaCQ3), and needs to be calcined to
obtain calcium oxide (CaO) [28, 29]. The CaO used as a calcium (Ca) precursor in the HAp synthesis process. The
reaction shown in the following equation [30]:

CaCOz — CaO + CO, (3)

The reaction shows that CaCO3; decomposes into CaO and COg, the carbon dioxide will evaporate in the air. Duck
egg shell calcination in this study was carried out using a furnace at a temperature of 800°C for 3 hours. The calcium
oxide powder produced from the calcination process characterized using XRF. Based on the results of XRF analysis,
duck egg shells after being calcined contained 93.95% CaO compounds and 6.05% other oxide compounds, namely
MgO, P,0s, SrO, TiO,, Nb2Os, and MoOs. The presence of oxide compounds other than CaO caused by the presence
of other compounds that react when the synthesis process takes place [31]. In addition, during the synthesis process,
duck eggshell powder may contaminated with other materials found in the laboratory.

The synthesis of hydroxyapatite (HAp) was carried out using calcium oxide (CaO) compounds from calcined duck
egg shell powder. The CaO compound was reacted with (NH4)HPO4 as a source of phosphorus using the precipitation
method. The precipitation method is a HAp synthesis method in which an acid-base reaction occurs and produces a
crystalline solid [32]. The reaction for the formation of HAp described in the following reaction equation [33]:

10C&(OH)2+6(N H4)2. HPO4+2H20—>Ca10(PO4)6(OH)2+6H20+12N H4sOH (4)

The results of XRF analysis for HAp synthesis carried out with several variations of sintering temperature shown in
Table 1.

TABLE 1. Results of XRF analysis of HAp powder

Sintering Oxide Compounds (%) CaO0/P20s
Temperature (°C) Ca0 P2Os Sro Zno Nb2Os Other Ratio
700 60.56 39.36 0.04 001 0.01 0.02 1.538
800 62.56 37.29 0.06  0.03 0.01 0.05 1.677
900 62.52 37.15 0.06  0.25 0.01 0.02 1.682
1000 61.68 38.19 0.06  0.04 0.01 0.01 1.615

Based on the results of XRF analysis in Table 1, the chemical composition of HAp contains the main chemical
compounds CaO and P205. HAp sintered at 800°C for 5 hours produced a CaO/P,0s ratio of 1.677, which was close
to the HAp stoichiometric ratio value, which was 1.667 [10]. This value is a specification of HAp is identical to
calcium apatite in bones and teeth [8, 13-15]. The table show the sintering temperature affects the ratio of CaO/P,0s,
this is because CaO and P»Os at increasing sintering temperature are unstable [11].

HAp powder synthesized by precipitation method was analyzed using X-Ray Diffraction (XRD) is shown in Fig.1.
XRD characterization results show diffraction peaks in the form of hexagonal structures formed at 26 = 31.766°;
32.195°; 32.897°; 34.063°; and 39.791° with hkl (211), (112), (300), (202), and (130) (JCPDS No. 01-074-0566). The
dominant phase formed is HAp which is indicated by the numbers 1,2,3,4,5 on the curve and the lattice parameters
formed area=b=9.424 A andc=6.879 A,

Based on the results of the study, HAp which was sintered at 900°C and 1000°C produced new peaks formed in
the 26 range between 30°-34° which was also HAp (5). This is evidenced by the research of Charlena et al [34] which
states that the higher the sintering temperature, the more HAp formed, this result is due to the more regular
arrangement of atoms.
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FIGURE 1. HAp diffractogram at sintering temperatures of 700°C, 800°C, 900°C, and 1000°C for 5 hours

Debye Schrerrer's equation shows the relationship between crystal size values and FWHM values. The smaller the
crystal size value, the higher the FWHM value, and vice versa [28]. The crystal size of HAp sintered at several
temperatures was calculated using equation 2.

TABLE 2. Crystalline size of hydroxyapatite (HAp)

Sintering Temperature (°C) Crystal Size (nm)
700 14.18
800 20.87
900 30.56
1000 31.73

Based on Table 2, the variation of the sintering temperature carried out has an effect on the size of the resulting
crystal. HAp crystal size has the same size as HAp crystal size in teeth and bones, which is in the range of 20-50 nm
[16]. The table also shows that the increase sintering temperature will increase the size of the crystals formed, because
the energy received by the atoms is greater for diffusion and agglomeration. The size of the crystals formed is getting
bigger and the bonds between atoms are getting stronger and more regular [16].

The mass efficiency of the resulting HAp was calculated using equation 1 with an initial mass of calcium and
phosphoric acid of 6.8 grams.

TABLE. 3. Effect of sintering temperature on mass efficiency of HAp

Sintering Hydroxyapatite Hydroxyapatite
Temperature (°C) Mass (gr) Mass Efficiency (%)
700 4.2008 61.78
800 4.0010 58.84
900 3.9859 58.62

1000 3.9077 57.47

Based on Table 3, the mass of HAp after sintering was smaller than the initial mass of calcium and phosphoric
acid because during the washing process there was wasted HAp. This shows that the higher the sintering temperature,
the lower the mass efficiency of the HAp produced, and vice versa. The decrease in efficiency is due to the water
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content and organic matter lost during the sintering process [35]. The mass efficiency value of HAp in the range of
60% or less will be white which indicates that the resulting HAp is purer [36]. These results are in accordance with
the research conducted by Yuliana et al. who reported that the sintering temperature affected the mass efficiency of
the HAp produced [35].

CONCLUSION

The results of XRF analysis showed that the main component in duck eggshell before calcination was calcium
carbonate (CaCO:s), and after calcination it produced calcium oxide (CaO) compounds, and the main component of
HAp contained chemical compounds CaO and P,Os. Based on the results of XRD analysis, the formed HAp has a
hexagonal crystal structure with lattice parameters a = b = 9.424 A and ¢ = 6.879 A. The sintering temperature affects
the crystal size and mass efficiency of the resulting HAp. The increase the sintering temperature will increase the
crystal size and decrease the HAp mass efficiency. The best HAp was produced at a sintering temperature of 800°C
with a crystal size of 20.87 nm and a CaO/ P.Os ratio of 1.677. This value is a specification of HAp, which is identical
to calcium apatite in bones and teeth.

ACKNOWLEDGMENTS

The author is grateful to the members of the Department of Physics, Faculty of Mathematics and Natural Sciences,
University of Hasanuddin, especially the Materials and Energy Laboratory for providing space and place to complete
this research.

REFERENCES

[1] B. Mondal, S. Mondal, A. Mondal, and N. Mandal, Materials Characterization 121 112-124 (2016).

[2] A. Sabir, H. Abbas, A.Y. Amini, and S. Asmal, IOP Conf. Series: Materials Science and Engineering 1242 1-8
(2020).

[3] A. Ruksudjarit, K. Pengpat, G. Rujijanagul, and T. Tunkasiri, Current Applied Physics 8 270-272 (2008).

[4] A.Pal,S. Paul, A.R. Choudhury, V.K. Balla, M. Das, and A. Sinha, Materials Letters 3 89-92 (2017).

[5] M. Sariand Y. Yusuf, International Journal of Nanoelectronics and Materials 11 357-370 (2018).

[6] N.A.S.M. Pu’ad, J. Alipal, H.Z. Abdullah, M.I. Idris, and T. Lee, Materials Today: Proceedings 42 1172-177
(2021).

[71 N. Rauf, D. Tahir and M. Arbiansyah, IOP Conference Pro.1719 030030 (2016).

[8] N. Tangboriboon and J. Suttiprapar, Applied Mechanics and Materials 851 8-13 (2016).

[9] G.K. Luckita, Y. Azis and F. Akbar, Jom FTEKNIK 5 1-6 (2018).

[10] O.G.C. Pineda, W.H. Kao, M.I.L. Bastarrachea, Y.V. Pantoja, J.V.C Rodriguez, and J.M. Cervantes-Uc,
Materials Science and Engineering C 40 157-163 (2014).

[11] O.G. Agbabiaka, 1.0. Oladele, A.D. Akinwekomi, A.A. Adediran, A.O. Balogun, O.G. Olasukanm, and T.M.A.
Olayanju, Scientific African 8 1-12 (2020).

[12] D. Darwis and Y. Warastuti, Jurnal Iimiah Aplikasi Isotop dan Radiasi 4 143-153 (2008).

[13] J.A. Ranamanggala, D.I. Laily, Y.N. Annisa, and S.E. Cahyaningrum, Jurnal Kimia Riset 5 1-10 (2020).

[14] S.E. Cahyaningrum, N. Herdyastuty, B. Devina, and D. Supangat, IOP Conference Series: Materials Science
and Engineering 299 1-5 (2017).

[15] J.S. Al-Sanabani, A.A. Madfa, and F.A. Al-Sanabani, International Journal of Biomaterials, 2013 1-12 (2013).

[16] I. Salsabila, Irhamni, and Z. Jalil, J. Aceh Phys. Soc. 7 157-161 (2018).

[17] A. Haris, A. Fadli, and S.R. Yenti, JOM FTEKNIK 3 1-10 (2016).

[18] F. Miculescu, C. Lut, A.E. Constantinescu, A. Maidaniuc, A, Mocanu, M. Miculescu, S.I. Voicu, and L.T.
Ciocan, Journal of Functional Biomaterials 11 1-10 (2020).

[19] S.J. Kalitaand S. Verma, Materials Science and Engineering C 30 295-303 (2010).

[20] F. Mubarak, A. Fadli, and F. Akbar, Jom FTEKNIK 3 1-6 (2016).

[21] M.A. Khairullah, Yelmida, and Komalasari, Jom FTEKNIK 6 1-5 (2019).

[22] G. Muralithran and S. Ramesh, Ceramics International 26 221-230 (2000).

[23] G.S. Hutabarat, D.T. Qodir, H. Setiawan, and A.R. Noviyanti, Jurnal Penelitian Kimia 15 287-301 (2019)

020008-5

#pd 29Z€€10°S L 800020/8¥9292/1/L9ZEEL0'S/E901 0L /1op/pd-ajoie/doe/die/Bio-diesqnd)/:dpy woy papeojumoq


https://www.sciencedirect.com/science/journal/22147853/42/part/P1
https://doi.org/10.1016/j.matchar.2016.09.034
https://doi.org/10.1016/j.cap.2007.10.076
https://doi.org/10.1016/j.matlet.2017.05.103
https://doi.org/10.4028/www.scientific.net/AMM.851.8
https://doi.org/10.1016/j.msec.2014.03.064
https://doi.org/10.20473/jkr.v5i2.22479
https://doi.org/10.1155/2013/876132
https://doi.org/10.3390/jfb11040082
https://doi.org/10.1016/j.msec.2009.11.007
https://doi.org/10.1016/S0272-8842(99)00046-2
https://doi.org/10.20961/alchemy.15.2.32062.287-301
https://doi.org/10.1016/j.sciaf.2020.e00452

[24] R.F. Siregar and E. Sulistyowati, Eksergi 16 59-63 (2019).

[25] A.E.Wardiana, F.G. Shalli, E.C. Saputra, and S.E. Cahyaningrum, UNESA Journal of Chemistry 8 62-66 (2019).

[26] Mutmainnah, S. Chadijah and W.O. Rustiah, Al-Kimia 5 119-126 (2017).

[27] B.D. Cullity, Elements of X-Ray Diffraction (America: Addison-Wesley Publishing Campany) p 99 (1959).

[28] N.S. Wardani, A. Fadli and Irdoni, JOM FTEKNIK 2 1-6 (2015).

[29] N.D. Malau and F. Adinugraha, Journal of Physics: Conference Series 1563 1-8 (2020).

[30] P.Hui, S.L. Meena, G. Singh, R.D. Agarawal, and S. Prakash, Journal of Minerals & Materials Characterization
& Engineering 9 683-692 (2010).

[31] E. Kurniawan, A. Asril and J.R. Ningsih, Jamb. J. Chem 1 50-54 (2019).

[32] B.S. Purwasasmita and R.S. Gultom, Jurnal Bionatura 10 155-167 (2008).

[33] D. Prema, S. Gnanavel, S. Anuraj, and C. Gopalakrishnan, Materials Today: Proceedings 5 8868-8874 (2018).

[34] Cherlena, S. Bambang, and P.A. Lestari, Prosiding SEMIRATA BKS PTN-B 284-293 (2015).

[35] R. Yuliana, E.A. Rahim, and J. Hardi, KOVALEN 3 201-210 (2017).

[36] J. Venkatesan and S.K. Kim, Journal Materials 3 4761-4772 (2010).

020008-6

#pd 29Z€€10°S L 800020/8¥9292/1/L9ZEEL0'S/E901 0L /1op/pd-ajoie/doe/die/Bio-diesqnd)/:dpy woy papeojumoq


https://doi.org/10.31315/e.v16i2.3082
https://doi.org/10.24252/al-kimia.v5i2.3422
https://doi.org/10.34312/jambchem.v1i2.2453
https://doi.org/10.22487/j24775398.2017.v3.i3.9329
https://doi.org/10.3390/ma3104761
https://doi.org/10.4236/jmmce.2010.98049
https://doi.org/10.4236/jmmce.2010.98049

