
1.  Introduction: biomaterials, calcium phosphate has the properties 

that are very much similar to natural bone. Four Biomaterials are the materials that interact with 
main type of calcium phosphate are hydroxyapatite the living cells with in the body. These are the major 
(HA), tri-calcium phosphate (TCP), calcium materials of a concern of the current research era. 
deficient hydroxyapatite (CDHA) and biphasic They have a wide variety of applications in human 
calcium phosphate (BCP) [5, 6]. Based on the body because of their excellent biocompatibility and 
properties of bioactivity, ion release and mechanical bioactivity [1-3] along with improved mechanical 
strength, hydroxyapatite and tri-calcium properties. They are used as an implant material, 
phosphate are mainly used. Osteoconductive and bone fixation plates and screws, scaffolds and 
osteoinductive features make HA a promising dental cement as a filling material. Main types of 
material for bone regeneration application [7]. biomaterials are metals, composites, polymers and 

The synthetic hydroxyapatite [is an alternate to ceramics [4, 5]. Among the many ceramics based 

natural bone because of its non-toxicity and non-
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inflammatory features [8]. The stoichiometric Ca/P three stage heating of eggshells to obtain calcium 

ratio of HA should be of 1.67. Sol-gel process, wet oxide (CaO) powder followed by addition of distilled 

chemical technique and hydrothermal method are water and vigorous stirring. Phosphoric acid was 

the noble  techniques  for the production  of added and the solution was filtered to obtain 

hydroxyapatite powder [9, 10]. A lot of research has hydroxyapatite powder. Pu'ad et al. [23] used a 

been conducted and geared up in improving the complicated lengthy process to synthesize 

properties of hydroxyapatite alongside its cost- hydroxyapatite from eggshells. Crushed calcium 
ocutting production techniques in bulk quantity. carbonate was calcined at 900 C and then mixed 

Natural materials or inorganic sources are the main with distilled water. The solution is treated with 

raw materials used for the synthesis of synthetic phosphoric acid to obtain hydroxyapatite. The 

hydroxyapatite [11, 12]. Many researchers have obtained solution was aged for 24 hours and stirred 

studied cost effective natural organic sources as and aged again for same 24 hours. The solution was 

calcium salts, coral, eggshell, fish bone, seashells, then filtered and dried and then calcined at 

plants for the synthesis of hydroxyapatite [13-17]. different temperatures. Ramesh et al. [24] used di-

Among them, chicken eggshell is of common calcium hydrogen phosphate dehydrate (DCPD) for 
ointerest in this research because of its readily homogeneous mixing to treat with 700 C calcined 

availability at no cost, rich in calcium [18] and can calcium hydroxide instead of phosphoric acid 

produce hydroxyapatite powder that is capable of followed by wet attri tion,  drying and heat 

promoting greater bone reformation [19]. The treatment. 

characteristics of hydroxyapatite like phase In this research work, simple and cost cutting 
composition, particle size, crystallinity, mechanical technique was used to synthesize hydroxyapatite 
properties and thermal stability [20] are very much powder. No additional alkali solution was used to 
dependent on the synthesis conditions that includes maintain the pH of the solution only controlled and 
raw materials used, concentration, pH, reagents drop wise addition of precursor solution technique 
and processing temperature [21]. Due to these was used.
synthesis condition, different morphologies of 2.  Materials & Method:
hydroxyapatite like rod shape, needle shape, 

Phosphoric or Ortho- Phosphoric acid having a 
spherical, flower shape were obtained [1]. One of the 

density of 1.88 g/cm³ was used. Phosphoric acid is an 
important processing parameter is pH value to ++agent which binds with divalent ions such as Fe , 
control the morphologies of hydroxyapatite ++ ++Mg  and Ca . It is also a constituent of the bone. 
particles.

The eggshells have about 11% of the total weight of 
Different researchers have used various the egg and the chemical composition of eggshell is 
techniques, specially addition of strong alkali to shown in table 1.
maintain the pH of the solution. Goh et al. [1] 

Table 1: Chemical Composition of eggshell
washed, dried and crushed hen's eggshells and then 

Component Percentagethe obtained calcium carbonate (CaCO ) powder is 3

o Calcium carbonate 94calcined at 900 C to obtain calcium oxide (CaO) 

powder. The obtained (CaO) powder is stirred with Calcium phosphate 1

distilled water. Phosphoric acid (H PO ) was added 3 4 Magnesium carbonate 1
slowly and to neutralize the acid, ammonium Organic matters 4
hydroxide (NH OH) was added to maintain the pH 4

of the solution. The obtained mixture was 

microwaved, washed and filtered to obtain 

hydroxyapatite. Agbabiaka et al. [22] used sodium 

hydroxide to maintain the pH of the solution before 

the addition of the phosphoric acid. They start with 

The high concentration of calcium carbonate i.e. 

94% was the reason for the choice of hens' eggshells 

as a Precursor. First of all, the egg shells were 

collected and their surfaces were mechanically 

cleaned. The inner membrane of eggshells was 
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taken off. The eggshells were cleaned by brushing The CaO was converted into Ca(OH) . The chemical 2

their outer surfaces to remove the dirt adhered. reaction is shown in equation (2)
Liquid soap was used for this purpose. The                  (2) 
eggshells were then washed with distilled water. 

The solution was placed in a sonicator for 1 hour for 
This process was repeated until it was assured that 

homogenous dissolution. The stock solution of 
no residue or detergent was left on eggshells. The 

Phosphoric Acid was calculated to be 14.615 M 
eggshells were then dried and crushed into powder. 

based on a density of 1.685 g/mL, a formula weight The powder of eggshells was subjected to 
of 98 g/mol, and a concentration of 85% w/w. To calcination for removal of organic matter and 
make a 0.06 M solution, 0.411 mL of stock solution transformation to calcium oxide, the main 
was slowly added to 25 mL deionized water. precursor. Powder was placed in a muffle furnace 
Adjusted the final volume of solution to 100 mL with for a two stage thermal treatment. The first stage 
deionized water 50ml of this 0.06 M solution was consists of heating egg shells to 350°C for a 

taken out to titrate with 50ml of 0.1 molar Ca(OH) . continuous period for about 2 hours and all organic 2

residues were destroyed. The second stage The acid was added drop wise to the suspension at 

consisted of heating the sample further to about room temperature. Initially, the pH of the solution 
900°C for a continuous time of 4 hours. At 900°C was found to be 12. The pH was brought to 9.5 and 
temperature the calcium carbonate of eggshells then maintained to 8.5 - 9.5 by setting the 
transformed into calcium oxide by releasing carbon appropriate flow rate of acid as 1.1 ml/min. After 
dioxide (CO ) as shown in the equation (1).2 completion of addition of phosphoric acid, 

CaCO CaO + CO               (1) precipitates were formed. The whole process was 3 ®    2

carried out in vigorous agitation with the help of a The white eggshell powder turned brownish black 
magnetic stirrer. The reaction occurred is shown in due to burning of organic matter such as 

equation (3).membranes and other surface impurities etc. In 

muffle furnace white crystalline agglomerates were                (3) 
formed as end result in crucible. The powder was The precipitates formed were subjected to aging 
filtered and thoroughly washed with double treatment for 24 hr. For aging treatment the 
distilled water and filtered again and dried at 80°C precipitates were kept at room temperature in 
for 3 hours. The dried clean powder of calcium oxide flask. During the aging period the precipitates 
was stored in an air tight container for future use. grow. The values of pH measured in equal intervals 
280 mg of calcined calcium oxide was dispersed in of total time of 45 minutes with flow rate of 1.1 
50ml of distilled water to obtain 1 molar solution. ml/min approximately is shown in figure 1. 

CaO + H O     Ca(OH)2 2

Exo

10Ca(OH)  + 6H PO       Ca (PO ) (OH)  + H O 2 3 4 10 4 6 2 2

Figure 1: Graph between pH values and time
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Afterwards the suspension was centrifuged for 1h characterize non-stoichiometric Hydroxyapatite 

at 600 rpm. The precipitates were dried for 2 hours powder. Pam Analytical X'pert Pro available at 

in an oven at 95°C for the removal of moisture. The (IRCBM), COMSATS was used to carry out the XRD 

product was further subjected to sintering at 900°C anaylsis of the product with Cu Ká. The Voltage 

for 4 hours. Four ier Transformed Infrared setup was 35kV and a current of 30 mA was used. 

Spectroscopy (FTIR) technique was used for the The range of angle was kept 20°-80° with 0.02° 

characterization of calcium and phosphorus based stepping. The morphology of the obtained powder 

biomaterial. The wavelength range used for FTIR of was examined using scanning electron microscope, 
-1HA was 4000-400 cm . The pallet used for sample SEM (Hitachi S-3400 N) with an accelerating 

preparation was of potassium bromide (Alkyl voltage of 15 kV.

Halide). The most characteristic chemical groups in 3.  Results and Discussion:
the FTIR spectrum for synthesized Hydroxyapatite The FTIR spectra of as synthesized hydroxyapatite 

-3 - -2 -2powder are PO  OH , CO , as well as HPO  that 4 3 4 is shown figure 3. 

Figure 2 shows the flow sheet of the whole process.

Figure 2: Flow sheet of the whole process 

Figure 3: FTIR spectra of as synthesized Hydroxyapatite 
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-3 - -1The characteristic peak of phosphate group (PO ) OH  strong peaks can be seen at 3720-3600 cm  4

-2showing O-H stretching vibrations [26]. CO  group forms intensive Infra-Red absorption bands at 600 3

-1 -1 -1and 800 cm  and at 1000  1100 cm  indicated forms intensive peaks between 1360 and 1530 cm  

asymmetric  bending vibrations, symmetric associated with out-of-plane bending mode and 

stretching, and asymmetric stretching of phosphate asymmetric stretching, respectively. Similar bands 
-3group (PO ), respectively. Absorbed water band is were also observed in previous studies [25, 27, 28]. 4

-1 The XRD pattern of as synthesized hydroxyapatite relatively wide, from 3600 to 3000 cm  and this 

is shown in Figure 4.corresponds to the stretching mode of H O [25]. For 2

            Figure 4: XRD pattern of synthesized Hydroxyapatite powder  with 0.02 stepping

It can be seen from the figure 4 that sharp and well the small peaks that some tri-calcium phosphate 

defined peaks are observed from as synthesized was also formed along with the hydroxyapatite. The 

hydroxyapatite. The hydroxyapatite powder formed peaks were also compared from a number of literary 

was highly crystall ine and all the peaks sources and all peaks formed in were corresponding 

corresponded with hydroxyapatite powder based on to those present in the literature [29]. The scanning 

the Standard XRD pattern of Hydroxyapatite electron microscopy of as sintered hydroxyapatite is 

powder (JCDPS card no. 09-432). It was clear from shown in figure 5. 

Figure 5: Scanning Electron Microscopy of as sintered hydroxyapatite 
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A typical flower-like morphology, comprising of microwave irradiation eggshells-derived HA [24, 

petal-like flakes having an average size of 100 200 25]. Different morphology is seen in the SEM 
onm in width are visible. A similar flower- like micrograph of the eggshell calcined at 900 C as 

morphology has been reported in the literature for shown in Figure 6 as compared to as synthesized.

Vol. XXXXVIII

Figure 6: Scanning Electron Microscopy of Hydroxyapatite powder calcined at 900°C

The nano hydroxyapatite powder formed was COMSATS, Lahore, Pakistan for scanning electron 

subjected to thermal treatment in a control microscopy results.

environment. The thermal treatment resulted in References:
improved crystallinity and refined grain size. 1. K. W. Goh, Y. H. Wong, S. Ramesh, H. 
4.  Conclusions: Chandran, S. Krishnasamy, S. Ramesh, e t  

Hydroxyapatite powder was successfully al., "Effect of pH on the properties of 

synthesized using hen's eggshells and titrated with eggshell-derived hydroxyapatite bio cer ami c 

Ortho-phosphoric acid as precursors. The pH factor synthesized by wet chemical method assisted  

during the process was maintained by controlling by  mi cr ow av e ir ra di at io n, " Ceramics 

the dropwise flow of phosphoric acid solution and International, 2020/12/03/ 2020.

completely eliminating the use of external alkaline 2. I. Bogdanoviciene, K. Tõnsuaadu, V. Mikli, I. 
solution. The synthesized hydroxyapatite powder Grigoraviciute-Puroniene, A. Beganskiene, 
was highly crystalline as confirmed by the peaks of and A. Kareiva, "pH impact on the sol-gel 
XRD and also correlated with the literature. preparation of calcium hydroxyapatite, 
Scanning electron microscopy also confirmed the Ca10(PO4)6(OH)2, using a novel complexing 
crystallinity of the as synthesized powder prior to agent, DCTA," Open Chemistry, vol. 8, pp. 
calcination. The synthesis process used was quick 1323-1330, 2010.
and takes lesser time as compared to those where 3. A. Karakaº, A. Hazar Yorug, D. Ceylan 
pH is controlled by using other solutions. Erdogan, and M. Dogan, "Effect of different 
Acknowledgements: ca l c ium precursors  on  b i omimet i c  

The authors are thankful for the financial and hydroxyapatite powder properties," Acta 

research support of The University of the Punjab, Physica Polonica-Series A General Physics, vol. 

Lahore, Pakistan and Interdisciplinary Research 121, p. 236, 2012.

Centre in Biomedical Materials (IRCBM), 4. A. M. Pietak, J. W. Reid, M. J. Stott, and M. 



372020

Sayer, "Silicon substitution in the calcium 12. M. Safarzadeh, S. Ramesh, C. Y. Tan, H. 

phosphate bioceramics," Biomaterials, vol. 28, Chandran, A. F. M. Noor, S. Krishnasamy, et 

pp. 4023-4032, 2007. al., "Effect of multi-ions doping on the 

properties of carbonated hydroxyapatite 5. M. N. Hassan, M. M. Mahmoud, A. Abd El-
bioceramic," Ceramics International, vol. 45, Fattah, and S. Kandil, "Microwave-assisted 
pp. 3473-3477, 2019.preparation of Nano-hydroxyapatite for bone 

substitutes," Ceramics International, vol. 42, 13 M. Akram, R. Ahmed, I. Shakir, W. A. W. 

pp. 3725-3744, 2016. Ibrahim, and R. Hussain, "Extracting 

hydroxyapatite and its precursors from 6. S. Yang, K.-F. Leong, Z. Du, and C.-K. Chua, 
natural resources," Journal of Materials "The design of scaffolds for use in tissue 
Science, vol. 49, pp. 1461-1475, 2014.engineering. Part I. Traditional factors," 

Tissue engineering, vol. 7, pp. 679-689, 2001. 14. S.-C. Wu, H.-C. Hsu, S.-K. Hsu, Y.-C. Chang, 

and W.-F. Ho, "Effects of heat treatment on the 7. J. Jeong, J. H. Kim, J. H. Shim, N. S. Hwang, 
synthesis of hydroxyapatite from eggshell and C. Y. Heo, "Bioactive calcium phosphate 
powders," Ceramics International, vol. 41, pp. materials and applications in bone 
10718-10724, 2015.regeneration," Biomaterials Research, vol. 23, 

p. 4, 2019/01/14 2019. 15. M. Ozawa and S. Suzuki, "Microstructural 

development of natural hydroxyapatite 8. P. Hui, S. Meena, G. Singh, R. Agarawal, and 
originated from fish-bone waste through heat S. Prakash, "Synthesis of hydroxyapatite bio-
treatment," Journal of the American Ceramic ceramic powder by hydrothermal method," 
Society, vol. 85, pp. 1315-1317, 2002.J o u r n a l  o f  M i n e r a l s  &  M a t e r i a l s  

Characterization & Engineering, vol. 9, pp. 16. K. S. Vecchio, X. Zhang, J. B. Massie, M. 

683-692, 2010. Wang, and C. W. Kim, "Conversion of bulk 

seashells to biocompatible hydroxyapatite for 9. S. Sathiyavimal, S. Vasantharaj, F. 
bone implants," Acta biomaterialia, vol. 3, pp. LewisOscar, R. Selvaraj, K. Brindhadevi, and 
910-918, 2007.A. Pugazhendhi, "Natural organic and 

inorganichydroxyapatite  biopolymer 17. Y. Wan, L. Hong, S. Jia, Y. Huang, Y. Zhu, Y. 

composite for biomedical applications," Wang, et al., "Synthesis and characterization 

Progress in Organic Coatings, vol. 147, p. of  hydroxyapatitebacterial  cel lulose 

105858, 2020/10/01/ 2020. nanocomposites," Composites Science and 

Technology, vol. 66, pp. 1825-1832, 2006.10. M. Othmani, A. Aissa, A. Grelard, R. K. Das, R. 

Oda, and M. Debbabi, "Synthesis and 18. I. Abdulrahman, H. I. Tijani, B. A. 

characterization of hydroxyapatite-based Mohammed, H. Saidu, H. Yusuf, M. N. Jibrin, 

nanocomposites by the functionalization of et al., "From garbage to biomaterials: an 

hydroxyapat i te  nanopart i c l es  wi th  overview on egg shell based hydroxyapatite," 

phosphonic acids," Colloids and Surfaces A: J. Mater, vol. 2014, p. 802467, 2014.

Physicochemical and Engineering Aspects, vol. 19. S. K. Padmanabhan, L. Salvatore, F. Gervaso, 
508, pp. 336-344, 2016. M. Catalano, A. Taurino, A. Sannino, et al., 

11. S. Ramesh, Z. Z. Loo, C. Y. Tan, W. K. Chew, Y. "Synthesis and characterization of collagen 

C .  C h i n g ,  F .  T a r l o c h a n ,  e t  a l . ,  scaffolds reinforced by eggshell derived 

"Characterization of biogenic hydroxyapatite hydroxyapatite for  tissue engineering," 

derived from animal bones for biomedical Journal of nanoscience and nanotechnology, 

applications," Ceramics International, vol. 44, vol. 15, pp. 504-509, 2015.

pp. 10525-10530, 2018. 20. L. Berzina-Cimdina and N. Borodajenko, 

S. S. Raza, M. U. Manzoor, S. Ali, F. Hussain, T. Ahmad, F. Riaz



38 Journal of the Pakistan Institute of Chemical Engineers

“Research of Calcium Phosphates Using for  biomedical applicat ions,"  Materials 

Fourier Transform Infrared Spectroscopy," in Letters, vol. 76, pp. 198-200, 2012.

Infrared Spectroscopy - Materials Science, 26. S. Pramanik, A. K. Agarwal, K. Rai, and A. 
Engineering and Technology, ed, 2012. Garg, "Development of high strength 

21. M. A. Roudan, S. Ramesh, A. Niakan, Y. hydroxyapatite by solid-state-sintering 

Wong, M. A. Zavareh, H. Chandran, "Thermal process," Ceramics International, vol. 33, pp. 

phase  s tab i l i t y  and  proper t i e s  o f  419-426, 2007.

hydroxyapatite derived from bio-waste 27. P. Kamalanathan, S. Ramesh, L. Bang, A. 
eggshells," J. Ceram. Process. Res, vol. 18, pp. Niakan, C. Tan, J. Purbolaksono, et al., 
69-72, 2017. "Synthesis and sintering of hydroxyapatite 

22. O. G. Agbabiaka, I. O. Oladele, A. D. derived from eggshells as a calcium 

Akinwekomi, A. A. Adediran, A. O. Balogun, precursor," Ceramics International, vol. 40, 

O. G. Olasunkanm, et al., "Effect of calcination pp. 16349-16359, 2014.

temperature on hydroxyapatite developed 28. G. Gergely, F. Wéber, I. Lukács, A. L. Tóth, Z. 
from waste poultry eggshell," Scientific E. Horváth, J. Mihály, et al., "Preparation and 
African, vol. 8, p. e00452, 2020/07/01/ 2020. characterization of hydroxyapatite from 

23. N. M. Pu'ad, J. Alipal, H. Abdullah, M. Idris, eggshell," Ceramics International, vol. 36, pp. 

and T. Lee, "Synthesis of eggshell derived 803-806, 2010.

hydroxyapatite via chemical precipitation and 29. S. Sagadevan and A. Dakshnamoorthy, 
calcination method," Materials Today: "Synthesis and characterization of nano-
Proceedings, 2020. hydroxyapatite (n-HAP) using the wet 

24. S. Ramesh, A. N. Natasha, C. Y. Tan, L. T. chemical technique," International journal of 

Bang, S. Ramesh, C. Y. Ching, et al., "Direct physical sciences, vol. 8, pp. 1639-1645, 2013.

conversion of eggshell to hydroxyapatite 

ceramic by a sintering method," Ceramics 

International, vol. 42, pp. 7824-7829, 

2016/05/01/ 2016.

25. G. S. Kumar, A. Thamizhavel, and E. K. 

Girija, "Microwave conversion of eggshells 

into flower-like hydroxyapatite nanostructure 

Vol. XXXXVIII


