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Aim: The aim of the study is to synthesize Novel Hydroxyapatite (HAP) rich in Calcium phosphate that resembles the bone. 

These Novel HAP are synthesized from bio-waste that is from chicken egg shells. HAP can be synthesized from chicken egg 

shells which is considered as a biowaste. This technique helps to protect the environment from pollution caused by biowaste.The 

synthesized materials shows good biocompatibility as it possesses the hydrophilicity characteristics. 

Materials and Methods: To synthesize the Novel Hydroxyapatite from bio-waste generated from chicken egg shells. This 

synthesized Novel hydroxyapatite powder will compare with chemically synthesized. Novel Hydroxyapatite powder used in 

conventional practice for orthopedic application. 

Results: The synthesized Novel Hydroxyapatite from egg shells compared with Chemically synthesized one by qualitative 

analysis. In which the presence of phosphate ions and calcium ions was confirmed. 

Conclusion: This research finds the replacement for HAP used in current bone repair. This replacement found the better choice 

as it is cost effect and readily synthesized from biowaste that pollutes the environment. This method indirectly helps in 

bioremediation. 

Keywords: Novel Hydroxyapatite(bone substitute) from waste, Diammonium Hydrogen Phosphate, Orthopedic, Calcium 

Phosphate, Hydrophilicity, Bioremediation, Biocompatibility. 
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INTRODUCTION 

HAP can be synthesized from chicken egg shells which is considered as a Biowaste. Synthesis and production of 

Novel Hydroxyapatite(bone substitute) from waste, chemically is a time consuming process and cannot satisfy the 

need of the demand and is cost effective (Baláž et al. 2021). The main chemical component of human bone tissue is 

70% hydroxyapatite (HAP) (Khandelwal and Prakash 2016). HAP is widely utilized in medical fields particularly as 

it was known to be a constituent of bone and teeth utilized for its substitute (Mucalo 2015). HAP is usually 

stoichiometric material (the quantitative relationship between constituents in a chemical substance) where as the 
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bone mineral components were non – stoichiometric consists of trace amount of ions like Zinc, Sodium, 

Magnesium, Potassium, Diammonium Hydrogen Phosphate, Calcium Phosphate, Carbonate etc(Gshalaev and 

Demirchan 2012). So to obtain the non – stoichiometric HAP with the beneficial ion presence can be extracted from 

the resources such as wood, algae, bones from animals and algae. The synthesized materials show good 

biocompatibility as it possesses the hydrophilicity characteristics.Being an egg shell is the wastage released as such 

into the environment that causes pollution (Goloshchapov et al. 2013). Hence, an attempt made to use this biowaste 

to a minimum extent will result in environmental protection (Abdulrahman et al. 2014). Many researchers use so 

many methods to synthesize the HAP and that research studies have proven that HAP is closely related to bone 

apatite and has strong biocompatibility, So HAP is an effective bioimplant material and this method helps in 

bioremediation (Salimi and Shahhosseini 2018).  

The number of research articles published since 2018 on Evaluating the synthesis of novel hydroxyapatite from egg 

shells compared with chemically synthesized HAP for Orthopedic application are nearly 489 in Google scholar. 

Many publications that mainly focus on synthesis and production of novel hydroxyapatite from waste for bone 

substitutes. Few studies involved in the synthesis of Novel Hydroxyapatite by means and calculation of every day, a 

massive volume of eggshells is discarded, which are useless and trash. These eggshells encourage microbial activity 

and damage the environment (Abdulrahman et al. 2014). The food processing business produces roughly 250,000 

tonnes of eggshell each year (“K Prabakaran, A Balamurugan, S Rajeswari, 2005, ‘Development of Calcium 

Phosphate Based Apatite from Hen’s Eggshell’, Bull. Mater. Sci., Vol. 28, No. 2, Pp. 115–119. - References - 

Scientific Research Publishing” n.d.)).The eggshell makes upto 11% of the overall weight of the egg. These 

eggshells are predominantly composed of calcium carbonate (91-94%), calcium phosphate (1%), and other organic 

matter, making them ideal for the production of CaO(“Rivera, E.M., Araiza, M., Brostow, W., Castaño, V.M., Diaz-

Estrada, J., Hernández, R., et Al. (1999) Synthesis of Hydroxyapatite from Eggshells. Materials Letters, 41, 128-

134. - References - Scientific Research Publishing” n.d.) et al). The techniques like XRD, SEM, SBF were used for 

the production of very pure and nanocrystalline hydroxyapatite powder using Eggshells as calcium source and used 

XRD and SEM to characterize the produced Nano Hydroxyapatite powder. Hence,the synthesized Nano 

Hydroxyapatite from Biowaste can be substituted as an implant material in orthopedic applications. The egg shells 

are a possible recycling material for producing HA powder, which can also help in waste management and keeping 

the environment clean (Tri Wahyudi et al. 2014).Our team has extensive knowledge and research experience  that 

has translate into high quality publications(Bhansali et al. 2021; Jayanth et al. 2021; Sudhakar, Ravel, and Perumal 

2021; Sathiyamoorthi et al. 2021; Deepanraj et al. 2021; Raju et al. 2021; Arun Prakash et al. 2020; Kamath et al. 

2020; Shanmugam et al. 2021; Rajasekaran et al. 2020; Adhinarayanan et al. 2020; Rajesh et al. 2020; Aurtherson et 

al. 2021) 

A cost effective method has not been optimized so far for synthesis of HAP.  Since, this work focuses on the source 

as biowaste which is cost effective and controls the environmental pollution. The objective of our research is to 

synthesize the HAP from Biowaste that is from Eggshells as an implant material in orthopedic applications which 

will be advantageous in terms of cost. 

MATERIALS AND METHODS  

 

The research work is an in-house project that was done in the Genetics lab, Department of Bioinformatics at 

Saveetha School of Engineering, Saveetha Institute of Medical and Technical Sciences. The  number of groups are 

two and the sample size is two. 

 

Preparation  of sample Group 1 
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The Synthesis of Novel Hydroxyapatite from chemicals in the laboratory, The preparation of HAP  was followed as 

per the protocol optimized by (Salimi and Shahhosseini 2018)). The chemicals required were- Nitric acid, Citric 

acid, Ammonium Hydroxide, Diammonium Hydrogen Phosphate, Calcium phosphate,  Acetic acid, Ammonium 

Oxalate.  

Preparation of sample group 2 

The Synthesis of Novel Hydroxyapatite from Biowaste (chicken egg shell) in laboratory, The preparation of HAP  

was followed as per the protocol optimized by (Khandelwal and Prakash 2016). The chemicals required were- Nitric 

acid, Citric acid, Ammonium Hydroxide, Diammonium Hydrogen Phosphate, Calcium phosphate 

Testing Procedure 

The procedure for the Synthesis of HAP from egg shells is followed as firstly, the egg shell samples are washed and 

cleaned, then sun dried for two days.  The dried and cleaned chicken egg shells were crushed and grinded with a 

blender into egg shell powder. Hydroxyapatite biomaterials are successfully synthesized from egg shells as a supply 

of calcium.The process is a wet chemical technique also known as chemical solution deposition by which the  

production of Novel Hydroxyapatite(bone substitute) from waste is done (Horowitz and Parr 1994). The calcined 

egg shells were subject to the precipitated carbonate (PCC). This precipitate was added with Dihydrogen 

Ammonium Phosphate to get the HAP with nonstoichiometric and the pH should be maintained as 9. HAP from 

Biowaste was checked for the presence of calcium phosphate ions Qualitatively and the results were compared with 

the testing results of chemically synthesized HAP. Synthesis of HAP from the chicken egg shell compared with 

chemically synthesized HAP for its chemical composition (Elliott 2013). From this we conclude the obtained HAP 

contains calcium carbonate. 

RESULTS 

The synthesized Novel Hydroxyapatite from egg shells compared with Chemically synthesized one by qualitative 

analysis. In which the presence of phosphate ions and calcium ions was confirmed. Once the presence of HAP was 

confirmed then the confirmation of hydrophilic nature is found to be essential. Since, the material synthesized was 

interacting with the body fluids which are hydrophilic in nature. This hydrophilicity helps to confirm that it should 

interact with body fluids and shows good biocompatibility. The chemically synthesized HAP is shown in Fig. 1. The 

biologically synthesized HAP is shown in Fig. 2.  Fig. 3 shows the indication of calcium presence by the white 

precipitate obtained. Fig. 4 shows the indication of phosphate ion presence by the formation of yellow precipitate. 

Fig. 5 shows the indication of calcium ion presence by the white precipitate obtained in the HAP synthesized from 

the egg shell derived from chicken. Fig. 6 shows the indication of phosphate ion presence by the formation of yellow 

precipitate in the HAP synthesized from the egg shell derived from chicken. Fig. 7 shows the Synthesis of 

hydroxyapatite from chemicals. Fig. 8 shows the Synthesis of hydroxyapatite from Biowaste. Table 1 shows the 

Qualitative test to confirm the presence of HAP.  Fig. 9 shows the Synthesis of HAP powder by Egg shell and 

Ammonium Hydroxide. 

DISCUSSION 

 

In this study, the Synthesis of  Novel Hydroxyapatite from eggshells shows a similar chemical composition and suits 

for orthopedic application and the output of simple qualitative tests for both biological process and chemical process 

is the same. The results confirm that the Produced chemical by both the processes is HAP.  
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Synthesis of Novel Hydroxyapatite chemically is a time consuming process and it is cost effective. For synthesis of 

HAP, the pH of the solution was maintained at 11 in order to get only monophasic nano HAP (Azis et al. 2021). A 

milky suspension was obtained which was then filtered and this filtrate washed with ethanol and finally with 

distilled water several times in order to remove contaminated ions and surfactant (Toibah et al. 2019). The 

synthesized materials show good biocompatibility as it possesses the hydrophilicity characteristics.This method was 

considered as most effective in controlling pollution and also gives HAP in pure form.Synthesis of HAP chemically 

is time consuming processes and cannot satisfy the need of the demand and cost effective (Mohan et al. 2018) and it 

is compared with chemically synthesized HAP for chemical composition and it suits for orthopedic applications 

(Khandelwal and Prakash 2016).The production of Novel Hydroxyapatite(bone substitute) from waste is considered 

as best way to replace the bone constituent and this method helps in bioremediation as the preparation procedure is 

easy and helps to satisfy the need of demand in the field of medical. 

 

The limitation faced in our research study is the collection of chicken egg shells should be done in a protective way 

otherwise the results may be deviations. Biochemical studies such as cytotoxicity, bioprotectivity assays were 

helped to confirm its application in Orthopedics. Hence further study should be planned as evaluation of this 

synthesized HAP using Biochemical Assay. 

 

CONCLUSION 

The simple Qualitative test was performed in both the HAP derived from the chemicals and also from the egg shell 

biowaste obtained from chicken.This results support that the Novel Hydroxyapatite derived from egg shell can be 

the good replacement for the commercially available HAP for orthopedic applications. Synthesis of HAP from the 

chicken egg shell compared with chemically synthesized HAP for its chemical composition. This comparison 

confirms the HAP obtained from eggshell resembles the commercial one in composition. 

 

DECLARATION 

 

Conflict of Interest 

The authors of this paper declare no conflict of interest. 

 

Author Contribution 

Author GP was involved in data collection, data analysis, manuscript writing. Author KK was involved in 

conceptualization, guidance and critical review of manuscript. 

 

Acknowledgements 

The authors would like to express their gratitude towards Saveetha School of Engineering, Saveetha Institute of 

Medical and Technical Sciences (Formerly known as Saveetha University) for providing the necessary infrastructure 

to carry out this work successfully.  

 

Funding 

We thank the following organizations for providing financial support that enabled us to complete the study. 

 

1. QbiogenLLP,Chennai 

2. Saveetha University 

3. Saveetha Institute of Medical and Technical Sciences 

4. Saveetha School of Engineering 

 

https://paperpile.com/c/IOAeBD/0zRaX
https://paperpile.com/c/IOAeBD/Ctgs
https://paperpile.com/c/IOAeBD/Sfbn
https://paperpile.com/c/IOAeBD/2ZCXf


13 Journal of Pharmaceutical Negative Results  ¦ Volume 13 ¦ Special Issue 4 ¦ 2022 

                       A. Gowri priya, et al.: Evaluating synthesis of Novel Hydroxyapatite from Egg Shell Compared with Chemically Synthesized HAP for 
Orthopedic application 

 
 

 
 

 

REFERENCES 

1. Abdulrahman, Idris, Hamzat Ibiyeye Tijani, Bashir Abubakar Mohammed, Haruna Saidu, Hindatu Yusuf, 

Mohammed Ndejiko Jibrin, and Sulaiman Mohammed. 2014. “From Garbage to Biomaterials: An Overview on 

Egg Shell Based Hydroxyapatite.” Proceedings of the Institution of Mechanical Engineers, Part L: Journal of 

Materials: Design and Applications 2014 (August). https://doi.org/10.1155/2014/802467. 

2. Adhinarayanan, Rajesh, AravindhRamakrishnan, Gopal Kaliyaperumal, Melvinvíctor De Poures, Rajesh Kumar 

Babu, and DamodharanDillikannan. 2020. “Comparative Analysis on the Effect of 1-Decanol and Di-N-Butyl 

Ether as Additive with diesel/LDPE Blends in Compression Ignition Engine.” Energy Sources, Part A: 

Recovery, Utilization, and Environmental Effects, June, 1–18. 

3. Arun Prakash, V. R., J. Francis Xavier, G. Ramesh, T. Maridurai, K. Siva Kumar, and R. Blessing Sam Raj. 

2020. “Mechanical, Thermal and Fatigue Behaviour of Surface-Treated Novel Caryota Urens Fibre–reinforced 

Epoxy Composite.” Biomass Conversion and Biorefinery, August. https://doi.org/10.1007/s13399-020-00938-0. 

4. Aurtherson, P. Babu, Bhanu Teja Nalla, Karthikeyan Srinivasan, Kulmani Mehar, and Yuvarajan Devarajan. 

2021. “Biofuel Production from Novel Prunus Domestica Kernel Oil: Process Optimization Technique.” 

Biomass Conversion and Biorefinery, May. https://doi.org/10.1007/s13399-021-01551-5. 

5. Azis, Yelmida, Cory Dian Alfarisi, KomalasariKomalasari, KhairatKhairat, and YusnimarSahan. 2021. 

“Synthesis and Characterization of Hydroxyapatite from Duck Eggshell by Wet Precipitation Process.” Journal 

of Applied Materials and Technology 3 (1): 8–11. 

6. Baláž, Matej, Elena V. Boldyreva, Dmitry Rybin, Stefan Pavlović, Daily Rodríguez-Padrón, Tihana Mudrinić, 

and Rafael Luque. 2021. “State-of-the-Art of Eggshell Waste in Materials Science: Recent Advances in 

Catalysis, Pharmaceutical Applications, and Mechanochemistry.” Frontiers in Bioengineering and 

Biotechnology 0. https://doi.org/10.3389/fbioe.2020.612567. 

7. Bhansali, Karan J., Kamlesh R. Balinge, Subodh U. Raut, Shubham A. Deshmukh, M. Senthil Kumar, C. 

Ramesh Kumar, and Pundlik R. Bhagat. 2021. “Visible Light Assisted Sulfonic Acid-Functionalized Porphyrin 

Comprising Benzimidazolium Moiety for Photocatalytic Transesterification of Castor Oil.” Fuel 304 

(November): 121490. 

8. Deepanraj, B., N. Senthilkumar, D. Mala, and A. Sathiamourthy. 2021. “Cashew Nut Shell Liquid as Alternate 

Fuel for CI Engine—optimization Approach for Performance Improvement.” Biomass Conversion and 

Biorefinery, February. https://doi.org/10.1007/s13399-021-01312-4. 

9. Elliott, J. C. 2013. Structure and Chemistry of the Apatites and Other Calcium Orthophosphates. Elsevier. 

10. Goloshchapov, D. L., V. M. Kashkarov, N. A. Rumyantseva, P. V. Seredin, A. S. Lenshin, B. L. Agapov, and 

E. P. Domashevskaya. 2013. “Synthesis of Nanocrystalline Hydroxyapatite by Precipitation Using Hen’s 

Eggshell.” Ceramics International 4 (39): 4539–49. 

11. Gshalaev, Valeri S., and Aleksandra C. Demirchan. 2012. Hydroxyapatite: Synthesis, Properties, and 

Applications. Nova Biomedical. 

12. Horowitz, Emanuel, and Jack E. Parr. 1994. Characterization and Performance of Calcium Phosphate Coatings 

for Implants. ASTM International. 

13. Jayanth, BellappuVenkat, Melvin Victor Depoures, Gopal Kaliyaperumal, DamodharanDillikannan, 

DilipsinghJawahar, KumaranPalani, and Ganesha Prasad MeravanigeeShivappa. 2021. “A Comprehensive 

Study on the Effects of Multiple Injection Strategies and Exhaust Gas Recirculation on Diesel Engine 

Characteristics That Utilize Waste High Density Polyethylene Oil.” Energy Sources, Part A: Recovery, 

Utilization, and Environmental Effects, June, 1–18. 

14. Kamath, Manjunath, Subha Krishna Rao, Jaison, Sridhar, Kasthuri, Gopinath, Sivaperumal, and Shantanu Patil. 

2020. “Melatonin Delivery from PCL Scaffold Enhances Glycosaminoglycans Deposition in Human 

Chondrocytes – Bioactive Scaffold Model for Cartilage Regeneration.” Process Biochemistry  99 (December): 

36–47. 

15. Khandelwal, Himanshu, and Satya Prakash. 2016. “Synthesis and Characterization of Hydroxyapatite Powder 

by Eggshell.” Journal of Minerals and Materials Characterization and Engineering 4 (2): 119–26. 

16. “K Prabakaran, A Balamurugan, S Rajeswari, 2005, ‘Development of Calcium Phosphate Based Apatite from 

Hen’s Eggshell’, Bull. Mater. Sci., Vol. 28, No. 2, Pp. 115–119. - References - Scientific Research Publishing.” 

n.d. Accessed February 18, 2022. 

https://www.scirp.org/(S(vtj3fa45qm1ean45vvffcz55))/reference/ReferencesPapers.aspx?ReferenceID=486320. 

17. Mohan, Sneha, Samuel OluwatobiOluwafemi, NandakumarKalarikkal, and Sabu Thomas. 2018. Synthesis of 

Inorganic Nanomaterials: Advances and Key Technologies. Woodhead Publishing. 

http://paperpile.com/b/IOAeBD/RZxXj
http://paperpile.com/b/IOAeBD/RZxXj
http://paperpile.com/b/IOAeBD/RZxXj
http://paperpile.com/b/IOAeBD/RZxXj
http://paperpile.com/b/IOAeBD/RZxXj
http://paperpile.com/b/IOAeBD/RZxXj
http://dx.doi.org/10.1155/2014/802467
http://dx.doi.org/10.1155/2014/802467
http://paperpile.com/b/IOAeBD/pmB0i
http://paperpile.com/b/IOAeBD/pmB0i
http://paperpile.com/b/IOAeBD/pmB0i
http://paperpile.com/b/IOAeBD/pmB0i
http://paperpile.com/b/IOAeBD/pmB0i
http://paperpile.com/b/IOAeBD/pmB0i
http://paperpile.com/b/IOAeBD/IL85j
http://paperpile.com/b/IOAeBD/IL85j
http://paperpile.com/b/IOAeBD/IL85j
http://paperpile.com/b/IOAeBD/IL85j
http://paperpile.com/b/IOAeBD/IL85j
http://paperpile.com/b/IOAeBD/IL85j
http://paperpile.com/b/IOAeBD/IL85j
http://paperpile.com/b/IOAeBD/JMMyz
http://paperpile.com/b/IOAeBD/JMMyz
http://paperpile.com/b/IOAeBD/JMMyz
http://paperpile.com/b/IOAeBD/JMMyz
http://dx.doi.org/10.1007/s13399-021-01551-5
http://dx.doi.org/10.1007/s13399-021-01551-5
http://paperpile.com/b/IOAeBD/0zRaX
http://paperpile.com/b/IOAeBD/0zRaX
http://paperpile.com/b/IOAeBD/0zRaX
http://paperpile.com/b/IOAeBD/0zRaX
http://paperpile.com/b/IOAeBD/0zRaX
http://paperpile.com/b/IOAeBD/VVmd1
http://paperpile.com/b/IOAeBD/VVmd1
http://paperpile.com/b/IOAeBD/VVmd1
http://paperpile.com/b/IOAeBD/VVmd1
http://paperpile.com/b/IOAeBD/VVmd1
http://paperpile.com/b/IOAeBD/VVmd1
http://dx.doi.org/10.3389/fbioe.2020.612567
http://dx.doi.org/10.3389/fbioe.2020.612567
http://paperpile.com/b/IOAeBD/Ef72r
http://paperpile.com/b/IOAeBD/Ef72r
http://paperpile.com/b/IOAeBD/Ef72r
http://paperpile.com/b/IOAeBD/Ef72r
http://paperpile.com/b/IOAeBD/Ef72r
http://paperpile.com/b/IOAeBD/Ef72r
http://paperpile.com/b/IOAeBD/oa3rt
http://paperpile.com/b/IOAeBD/oa3rt
http://paperpile.com/b/IOAeBD/oa3rt
http://paperpile.com/b/IOAeBD/oa3rt
http://paperpile.com/b/IOAeBD/oa3rt
http://paperpile.com/b/IOAeBD/oa3rt
http://paperpile.com/b/IOAeBD/oa3rt
http://paperpile.com/b/IOAeBD/MFi8
http://paperpile.com/b/IOAeBD/MFi8
http://paperpile.com/b/IOAeBD/MFi8
http://paperpile.com/b/IOAeBD/HqHLI
http://paperpile.com/b/IOAeBD/HqHLI
http://paperpile.com/b/IOAeBD/HqHLI
http://paperpile.com/b/IOAeBD/HqHLI
http://paperpile.com/b/IOAeBD/HqHLI
http://paperpile.com/b/IOAeBD/waor
http://paperpile.com/b/IOAeBD/waor
http://paperpile.com/b/IOAeBD/waor
http://paperpile.com/b/IOAeBD/waor
http://paperpile.com/b/IOAeBD/q6Ek
http://paperpile.com/b/IOAeBD/q6Ek
http://paperpile.com/b/IOAeBD/q6Ek
http://paperpile.com/b/IOAeBD/q6Ek
http://paperpile.com/b/IOAeBD/ZHDAk
http://paperpile.com/b/IOAeBD/ZHDAk
http://paperpile.com/b/IOAeBD/ZHDAk
http://paperpile.com/b/IOAeBD/ZHDAk
http://paperpile.com/b/IOAeBD/ZHDAk
http://paperpile.com/b/IOAeBD/ZHDAk
http://paperpile.com/b/IOAeBD/ZHDAk
http://paperpile.com/b/IOAeBD/qMVxJ
http://paperpile.com/b/IOAeBD/qMVxJ
http://paperpile.com/b/IOAeBD/qMVxJ
http://paperpile.com/b/IOAeBD/qMVxJ
http://paperpile.com/b/IOAeBD/qMVxJ
http://paperpile.com/b/IOAeBD/qMVxJ
http://paperpile.com/b/IOAeBD/2ZCXf
http://paperpile.com/b/IOAeBD/2ZCXf
http://paperpile.com/b/IOAeBD/2ZCXf
http://paperpile.com/b/IOAeBD/2ZCXf
http://paperpile.com/b/IOAeBD/TaGy
http://paperpile.com/b/IOAeBD/TaGy
http://paperpile.com/b/IOAeBD/TaGy
http://paperpile.com/b/IOAeBD/TaGy
https://www.scirp.org/(S(vtj3fa45qm1ean45vvffcz55))/reference/ReferencesPapers.aspx?ReferenceID=486320
https://www.scirp.org/(S(vtj3fa45qm1ean45vvffcz55))/reference/ReferencesPapers.aspx?ReferenceID=486320
http://paperpile.com/b/IOAeBD/Sfbn
http://paperpile.com/b/IOAeBD/Sfbn
http://paperpile.com/b/IOAeBD/Sfbn
http://paperpile.com/b/IOAeBD/Sfbn


14 Journal of Pharmaceutical Negative Results  ¦ Volume 13 ¦ Special Issue 4 ¦ 2022 

                       A. Gowri priya, et al.: Evaluating synthesis of Novel Hydroxyapatite from Egg Shell Compared with Chemically Synthesized HAP for 
Orthopedic application 

 
 

 
 

 

18. Mucalo, Michael. 2015. Hydroxyapatite (HAp) for Biomedical Applications. Elsevier. 

19. Rajasekaran, S., D. Damodharan, K. Gopal, B. Rajesh Kumar, and Melvin Victor De Poures. 2020. “Collective 

Influence of 1-Decanol Addition, Injection Pressure and EGR on Diesel Engine Characteristics Fueled with 

diesel/LDPE Oil Blends.” Fuel 277 (October): 118166. 

20. Rajesh, A., K. Gopal, De Poures Melvin Victor, B. Rajesh Kumar, A. P. Sathiyagnanam, and D. Damodharan. 

2020. “Effect of Anisole Addition to Waste Cooking Oil Methyl Ester on Combustion, Emission and 

Performance Characteristics of a DI Diesel Engine without Any Modifications.” Fuel 278 (October): 118315. 

21. Raju, P., K. Raja, K. Lingadurai, T. Maridurai, and S. C. Prasanna. 2021. “Glass/Caryota Urens Hybridized 

Fibre-Reinforced nanoclay/SiC Toughened Epoxy Hybrid Composite: Mechanical, Drop Load Impact, 

Hydrophobicity and Fatigue Behaviour.” Biomass Conversion and Biorefinery, March. 

https://doi.org/10.1007/s13399-021-01427-8. 

22. “Rivera, E.M., Araiza, M., Brostow, W., Castaño, V.M., Diaz-Estrada, J., Hernández, R., et Al. (1999) 

Synthesis of Hydroxyapatite from Eggshells. Materials Letters, 41, 128-134. - References - Scientific Research 

Publishing.” n.d. Accessed February 18, 2022. 

https://www.scirp.org/(S(351jmbntvnsjt1aadkposzje))/reference/referencespapers.aspx?referenceid=1699953. 

23. Salimi, H., and ShShahhosseini. 2018. “Improved Numerical Simulation of the Low Temperature Fischer-

Tropsch Synthesis in a Trickle Bed Reactor.” Iranian Journal of Chemistry & Chemical Engineering 15 (1): 1–

17. 

24. Sathiyamoorthi, Ramalingam, Gomathinayakam Sankaranarayanan, Dinesh Babu Munuswamy, and Yuvarajan 

Devarajan. 2021. “Experimental Study of Spray Analysis for Palmarosa Biodiesel‐diesel Blends in a Constant 

Volume Chamber.” Environmental Progress & Sustainable Energy 40 (6). https://doi.org/10.1002/ep.13696. 

25. Shanmugam, Rajasekaran, DamodharanDillikannan, Gopal Kaliyaperumal, Melvin Victor De Poures, and 

Rajesh Kumar Babu. 2021. “A Comprehensive Study on the Effects of 1-Decanol, Compression Ratio and 

Exhaust Gas Recirculation on Diesel Engine Characteristics Powered with Low Density Polyethylene Oil.” 

Energy Sources, Part A: Recovery, Utilization, and Environmental Effects 43 (23): 3064–81. 

26. Sudhakar, M. P., Merlyn Ravel, and K. Perumal. 2021. “Pretreatment and Process Optimization of Bioethanol 

Production from Spent Biomass of GanodermaLucidum Using Saccharomyces Cerevisiae.” Fuel 306 

(December): 121680. 

27. Toibah, A. R., F. Misran, A. Shaaban, and Z. Mustafa. 2019. “Effect of pH Condition during Hydrothermal 

Synthesis on the Properties of Hydroxyapatite from Eggshell Waste.” Journal of Mechanical Engineering and 

Sciences. https://doi.org/10.15282/jmes.13.2.2019.14.0411. 

28. Tri Wahyudi, Setyanto, SetiaUtamiDewi, AjengAnggraeni, KiagusDahlan, Akhmaloka, Muhammad Ali 

Zulfikar, and RukmanHertadi. 2014. “Simple and Easy Method to Synthesize Chicken Eggshell Based 

Hydroxyapatite.” In Advanced Materials Science and Technology, 896:276–79. Trans Tech Publications Ltd. 

 

Figures and Tables 

 

Fig. 1. Chemically synthesized HAP 

http://paperpile.com/b/IOAeBD/SKCj
http://paperpile.com/b/IOAeBD/SKCj
http://paperpile.com/b/IOAeBD/SKCj
http://paperpile.com/b/IOAeBD/HRG94
http://paperpile.com/b/IOAeBD/HRG94
http://paperpile.com/b/IOAeBD/HRG94
http://paperpile.com/b/IOAeBD/HRG94
http://paperpile.com/b/IOAeBD/HRG94
http://paperpile.com/b/IOAeBD/WIeE2
http://paperpile.com/b/IOAeBD/WIeE2
http://paperpile.com/b/IOAeBD/WIeE2
http://paperpile.com/b/IOAeBD/WIeE2
http://paperpile.com/b/IOAeBD/WIeE2
http://paperpile.com/b/IOAeBD/gomip
http://paperpile.com/b/IOAeBD/gomip
http://paperpile.com/b/IOAeBD/gomip
http://paperpile.com/b/IOAeBD/gomip
http://paperpile.com/b/IOAeBD/gomip
http://paperpile.com/b/IOAeBD/gomip
http://dx.doi.org/10.1007/s13399-021-01427-8
http://dx.doi.org/10.1007/s13399-021-01427-8
http://paperpile.com/b/IOAeBD/0DMK
http://paperpile.com/b/IOAeBD/0DMK
http://paperpile.com/b/IOAeBD/0DMK
http://paperpile.com/b/IOAeBD/0DMK
https://www.scirp.org/(S(351jmbntvnsjt1aadkposzje))/reference/referencespapers.aspx?referenceid=1699953
https://www.scirp.org/(S(351jmbntvnsjt1aadkposzje))/reference/referencespapers.aspx?referenceid=1699953
http://paperpile.com/b/IOAeBD/oF0Jy
http://paperpile.com/b/IOAeBD/oF0Jy
http://paperpile.com/b/IOAeBD/oF0Jy
http://paperpile.com/b/IOAeBD/oF0Jy
http://paperpile.com/b/IOAeBD/oF0Jy
http://paperpile.com/b/IOAeBD/HdD9M
http://paperpile.com/b/IOAeBD/HdD9M
http://paperpile.com/b/IOAeBD/HdD9M
http://paperpile.com/b/IOAeBD/HdD9M
http://paperpile.com/b/IOAeBD/HdD9M
http://paperpile.com/b/IOAeBD/HdD9M
http://paperpile.com/b/IOAeBD/HdD9M
http://paperpile.com/b/IOAeBD/wCaHZ
http://paperpile.com/b/IOAeBD/wCaHZ
http://paperpile.com/b/IOAeBD/wCaHZ
http://paperpile.com/b/IOAeBD/wCaHZ
http://paperpile.com/b/IOAeBD/wCaHZ
http://paperpile.com/b/IOAeBD/wCaHZ
http://paperpile.com/b/IOAeBD/hb2SI
http://paperpile.com/b/IOAeBD/hb2SI
http://paperpile.com/b/IOAeBD/hb2SI
http://paperpile.com/b/IOAeBD/hb2SI
http://paperpile.com/b/IOAeBD/hb2SI
http://paperpile.com/b/IOAeBD/Ctgs
http://paperpile.com/b/IOAeBD/Ctgs
http://paperpile.com/b/IOAeBD/Ctgs
http://paperpile.com/b/IOAeBD/Ctgs
http://paperpile.com/b/IOAeBD/Ctgs
http://paperpile.com/b/IOAeBD/Ctgs
http://paperpile.com/b/IOAeBD/Ctgs
http://paperpile.com/b/IOAeBD/ESUxJ
http://paperpile.com/b/IOAeBD/ESUxJ
http://paperpile.com/b/IOAeBD/ESUxJ
http://paperpile.com/b/IOAeBD/ESUxJ
http://paperpile.com/b/IOAeBD/ESUxJ


15 Journal of Pharmaceutical Negative Results  ¦ Volume 13 ¦ Special Issue 4 ¦ 2022 

                       A. Gowri priya, et al.: Evaluating synthesis of Novel Hydroxyapatite from Egg Shell Compared with Chemically Synthesized HAP for 
Orthopedic application 

 
 

 
 

 

 

 

Fig. 2. Biologically synthesized HAP 

 

 

Fig. 3. Confirmation of Calcium ion in chemically synthesized HAP 
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Fig. 4. Confirmation of Phosphate ion in chemically synthesized HAP 

 

 

 

Fig. 5. Confirmation of Calcium ion in HAP synthesized from egg shell 
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Fig. 6. Confirmation of Phosphate ion in HAP synthesized from egg shell 

 

 

 

Fig. 7. Synthesis of hydroxyapatite from chemicals 
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 Fig. 8. Synthesis of hydroxyapatite from Biowaste (chicken egg shell) 

 

Table 1. Qualitative test to confirm the presence of HAP 

SAMPLE PROCEDURE OBSERVATION INFERENCE 

Chemically synthesized 

HAP 

Dissolve the obtained 

precipitate in acetic acid 

and boil it, add a few 

drops of ammonium 

oxalate to the above 

solution and then add 

ammonium hydroxide. 

White precipitate is 

obtained. 

This confirms the 

presence of Calcium ions 

in the precipitate. 

Chemically synthesized 

HAP 

A small amount of sample 

is acidified with 

concentrated Nitric acid to 

which the little amount of  

ammonium molybdate 

was added  

Bright Yellow precipitate 

Layer was obtained 

This confirms the 

presence of Phosphate 

ions 

HAP synthesized from 

biowaste egg shell  

Dissolve the obtained 

precipitate in acetic acid 

and boiled it add a few 

drops of ammonium 

oxalate to the above 

solution and then add 

ammonium hydroxide.  

White precipitate is 

obtained. 

This confirms the 

presence of Calcium ions 

in the precipitate. 

HAP synthesized from A small amount of sample Bright Yellow precipitate This confirms the 
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biowaste egg shell is acidified with 

concentrated Nitric acid to 

which the little amount of 

ammonium molybdate 

was added  

Layer was obtained presence of Phosphate 

ions 

 

 

 

 

 

 

 

 

 

 
 

 Fig. 9. Synthesis of HAP powder by Egg shell and NH4OH             

 

 


