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ABSTRACT
Aim/Background: Hydroxyapatite is a bioactive, biocompatible, and osteoconductive 
component having similar chemical characteristics to bone and tooth mineral components. Due 
to its porous structure and resistance to high temperatures, hydroxyapatite is commonly used as 
a catalyst and adsorbent. Eggshells are abundant in calcium carbonate, calcium phosphate, and 
other organic chemicals, making them excellent for CaO production. Materials and Methods: 
ES-Hap NPs from eggshell through an oil-bath-mediated precipitation technique. Egg shell 
nanoparticles were manufactured using chemical reagents like ammonia in a silicone oil bath. 
Preparation using a series of chemical reagents and characterization were done; functional groups 
were analysed using FTIR; and morphological analysis was analysed using FESEM. Hemolysis 
analysis was also done. Results: FTIR analysis showed functional PO4 groups, for the ES-Hap NPs 
at 1015 cm-1 and 563 cm-1, respectively. The XRD results based on crystallinity demonstrated Hap 
NPs of 20.86 nm. A FESEM investigation established the dimensions of NRs to be 78.15 nm and 
221.62 nm, respectively. Crystallite size demonstrated that Hap NPs are comparable to normal 
human bone and may be employed as regenerative therapies. In addition, the hemolysis testing 
demonstrated superior blood compatibility compared to chemically manufactured, traditional 
Hap. Conclusion: These biogenic ES-Hap NPs can be further analysed for antimicrobial properties 
and in vivo studies, which could be highly beneficial for medical applications.
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INTRODUCTION

The most adaptable inorganic biomaterial utilised in biomedicine 
is Hydroxyapatite (Hap). It is a calcium phosphate mineral 
that naturally occurs in the apatite family. Currently several 
biomaterial research on bone regeneration, hard tissue 
replacement and reconstructive materials. Ca10(PO4)6(OH)2, 
commonly known as hydroxyapatite, is a white solid compound 
with a hexagonal structure.1 Hydroxyapatite is a bioactive, 
biocompatible, and osteoconductive component having similar 
chemical characteristics to bone and tooth mineral components.2 
As a result, hydroxyapatite is accepted in several studies as a bone 
and dental implant filler and coating material. Due to its porous 
structure and resistance to high temperatures, hydroxyapatite is 
commonly used as a catalyst and adsorbent.3

Ca (NO3)2, Ca (OH)2, CaCO3, or bio-organic materials such 
as animal bone, egg shell etc can be used to prepare synthetic 
hydroxyapatite.4 Human bone is composed of inorganic 
components (70%) CaPO4 and organic components (30%).5,6 
Hydroxyapatite is a mineral that is both highly bioactive and 
biocompatible with human organs. Because of its propensity to 
make chemical connections with hard tissue, it has gained great 
attention in biological science.7

Hap's corrosion resistance, non-carcinogenic, biocompatible 
and bone regenerative properties and can be used in a variety of 
bone defects. Stainless Steel and titanium are quite commonly 
used in implant materials in the production of load-bearing 
bone regeneration. Researchers are interested in bioactive and 
bioinert materials to replace metallic implants due to issues with 
their functionality in the human body and their endurance over 
time. Hap has generated considerable attention in orthopaedic 
applications. Hap not only forms a chemical bond with a bone, 
but it also relieves pain caused by weight bearing. In spite of this, 
hydroxyapatite has several additional important uses, such as 
dental applications, biomedical research etc.8,9
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Numerous researchers have tried to synthesise the Hap in various 
methods. Traditional techniques for manufacturing Hap include 
wet precipitation, hydrothermal approach, sol-gel technology etc 
were used.4 Numerous techniques need calcination at 1200°C 
in order to produce the final Hap phase, while others are very 
time-consuming and result in the creation of undesirable anions. 
Several studies have utilised eggshell in the chemical production 
of Hap.10

Every day, an enormous amount of eggshells are discarded since 
they are worthless. These eggshells foster microbial growth and 
are detrimental to the environment. The food processing industry 
produces around 250,000 tonnes of eggshell annually. About 11% 
of an egg's entire weight is eggshell. These eggshells are abundant 
in calcium carbonate (91 to 94%), calcium phosphate (1%), 
and other organic chemicals, making them excellent for CaO 
production.11 In this study, an attempt was made to use eggshell 
waste as a calcium source for the production of ultrapure and 
nanocrystalline Hap powder. The manufactured ES-Hap NPs 
powder was characterised utilising XRD, FESEM, FTIR and 
hemolytic analysis was also done.

MATERIALS AND METHODS

Egg shells (ES) was collected and treated using (NH4)2HPO4 and 
ammonia solution. Reaction temperature maintained using an oil 
bath. Compared to a water bath, silicone oil was utilized at 30 to 
250°C due to its high temperature and oxidation stability, as well 
as its capacity to maintain a constant temperature for an extended 
length of time.2 After annealing, the ES-Hap NPs' colour changes 
from white to light grey and the organic molecules are removed.

Chemicals and Reagents

Calcium-rich chicken egg shells were collected from Koyambedu 
market in Chennai, Tamil Nadu, India. All of the chemicals 
utilised in this study includes (NH4)2HPO4, C3H6O, NH4OH, and 
C4H8 were analytic grade.

Preparation of egg shell powder

The thick egg shell was cleaned using a series of reagents such as 
distilled water, ethanol and acetone. Hot air oven was used for 
drying at 60°C for 24 hr, and 20 g of egg shells were crushed for 5 
hr in a high-energy ball mill. For future investigation, the powder 
was kept in a desiccator inside a sterile plastic container at room 
temperature.

Preparation of Egg Shell-Hap nanoparticles

During Hap synthesis, the temperature of an oil bath was 
controlled using a magnetic stirrer. Using a burette, 1 molar (1.008 
g) of egg shell powder was added to a round-bottomed flask, and 
then (NH4)2HPO4 was added. At this stage, pH was adjusted to 
8–12 pH units (Thermo Scientific, Model EcoTester). During 
synthesis, the temperature of an oil bath was managed using a 

magnetic stirrer. agitated at 80°C for 24 hr before being washed 
with ethanol and distilled water to remove contaminants.4

The precipitate was then dried in an oven with hot air at 60°C 
before being ground into a powder. Annealing was done at 
700°C for six hours, and characterization of ES-Hap NPs was 
done. In order to evaluate the morphology of nanomaterials, it 
is vital to adjust variables such as duration, temperature, pH, and 
concentration of reagents.12

Characterization of Egg Shell-Hap Nanoparticles by 
X-ray Diffraction

Using an X-ray powder diffractometer, X-ray diffraction (XRD) 
was conducted on Hap nanorods to examine their crystallinity 
and phase evolution (Bruker, Model D8 Advance). ES-Hap NP 
powder were crushed and powdered using graphite and pestle. 
Comparing the results to conventional XRD patterns from 
JCPDS revealed and corroborated the crystallite size and phase 
development of the eggshell-bone-derived Hap nanoparticles.

Fourier-transform infrared spectroscopy

FTIR-spectrometer (Perkin Elmer Spectrum model) analysed 
for functional groups in eggshells, and eggshell-derived 
Hap nanoparticles were detected. The sample container was 
immediately filled with ES powder (ball milled) and ES-HAP 
NP powders that were synthesised. The sample was scanned in 
Attenuated Total Reflectance (ATR) mode from 4000 to 500 cm-1.

Field emission scanning electron microscopy 
(FESEM)

Micrographs taken in FESEM (JEOL, Japan) of ES-Hap NPs 
operating at 200 kV A sufficient sample was applied over a carbon 
coated copper grid, and its size and shape were characterized. 
Using ImageJ software, the average particle size distribution of 
ES-Hap NPs was displayed.

Hemolysis assay

The blood donor consented to the test with full knowledge. A 
healthy volunteer's blood was extracted by a physician and mixed 
in a 1:10 ratio with 3.2% trisodium citrate to avoid clotting. To 
make ES-Hap NPs at various concentrations (200, 100, 75, 50, 25, 
and 10 g/mL), freshly prepared phosphate buffer saline was used, 
and anticoagulated blood was used as the test material.as positive 
and negative controls, anticoagulated blood with 0.1% sodium 
carbonate and anticoagulated blood with PBS, respectively.

Before being centrifuged at 2000 rpm for 5 min, all test samples 
and controls were incubated at 37°C for 3 hr. The Optical Density 
(OD) of the supernatant was measured at 540 nm. To ensure 
reproducibility, each experiment was conducted in triplicate. 
The formula used to calculate the blood compatibility percentage 
Blood compatibility analyses were done at various concentrations; 
the hemolytic activity of ES-Hap NPs was calculated. Membrane 
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damage due to crystals and erythrocyte clumping was assessed 
with the addition of Hap microcrystals in blood.8

The ES-Hap NPs demonstrated good results of non-hemolytic 
to RBS with a score of less than 2% hemolysis up to 75 g/mL. 
In addition, when higher concentrations of ES-Hap NPs, such 
as 100 and 200 g/mL, were applied to blood samples, 2% and 
3.2% hemolytic activity, respectively, were observed. This shows 
that at higher concentrations of ES-Hap NP, nanorods may have 
minimal hemolytic activity. The enhanced hemolytic activity due 
to oxidative stress on the addition of ES-Hap nanoparticles to 
blood cells.13

RESULTS

Our study showed XRD pattern of calcium carbonate shows the 
diffraction peaks obtained at 26°, 30°, 32°, 33°, 35°, 38°, 46°, 47°, 
and 52° correspond to the (003), (212), (116), (303), (204), (316), 
(225), and (002) planes, indicating that Hap formed a hexagonal 
structure (Figure 1). The IR bands obtained for the ES-Hap 
sample at 1015 cm-1 and 563 cm-1, respectively, indicate that the 
FTIR analysis revealed functionally asymmetric and symmetric 
PO4 stretching groups (Figure 2). This insight contributes to 
the evaluation of the ES-Hap nanorod production. The rod 
morphology of ES Hap NPs is visible in FESEM micrographs at 
various magnifications. Using ImageJ software, the width and 
length of the nanoparticles were found to be 78.5 in 0.44 nm 
and 218.98 in 0.36 nm, based on FESEM (Figures 3 and 4). The 
addition of Hap crystals to blood will result in hemolysis due to 
erythrocyte clumping and crystal-induced damage. However, 
up to 75 g/mL of ES-Hap NPs displayed less than 2% hemolysis, 
indicating nonhemolytic. When a larger quantity of ES-Hap NPs, 
100 g/mL and 200 g/mL mixed with blood and hemolytic activity 
increased to 2.2% and 3.2%, respectively (Figure 5).

DISCUSSION

Crystallinity and phase formation analysis

Powder XRD was used to analyse the products formed and the 
egg shell powders, demonstrating that a longer reaction time 
results in the development of highly crystalline Hap nanorods.14 
Our study showed XRD pattern of calcium carbonate shows the 
diffraction peaks obtained at 26°, 30°, 32°, 33°, 35°, 38°, 46°, 47°, 
and 52° correspond to the (003), (212), (116), (303), (204), (316), 
(225), and (002) planes, indicating that Hap formed a hexagonal 
structure. Balu et al. 2020 report reveals that, after 3 hr of reaction, 
aragonite CaCO3 was entirely changed into calcite CaCO3.

15 Basic 
pH and 80°C temperature facilitates the 3 hr relaxing of aragonite 
calcium carbonate links to produce calcite structure.16 Based on 
the diffraction peaks, the production of Hap crystals and traces 
of calcite began to appear after 6 hr of reaction time. In addition, 
when response time increased, the intensity of calcite at peak 
points 23° and 29° reduced dramatically. At increasing duration 
at 48hr, the calcite peak vanished as a result of the full creation 
of Hap. Despite the formation of Hap XRD peaks after 24 hr, 
crystalline structures were formed.17

Evaluation of functional groups

Functional groups present in the ES-Hap NPs were analysed 
using FTIR.18 FTIR-spectra of ES-Hap NPs with high crystallinity, 
which is necessary to examine their functional groups.19,20 This 
insight contributes to the evaluation of the ES-Hap nanorod 
production.21 According to earlier research, there are two 
categories of carbonate substitutions on Hap, including A-type 
substitutions that occur at the O-H vibrational site and B-type 
substitutions that occur at phosphate vibrational sites. Due 
to this, the band at 1450 cm-1 denoting the B-type carbonates, 

Figure 1:  Graph representing the crystallinity and phase formation analysis 
using XRD of intensity of Hap NPs in a.u.

Figure 2: Graph showing FTIR analysis data of transmittance % with respect 
to wave number cm-1.
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and carbonated n-Hap, have its role in the regeneration of hard 
tissues.22-24

Morphology and elemental analysis

FESEM micrographs revealing the form and dimensions of 
ES-derived Hap NPs manufactured at 80°C for 48 hr. The rod 
morphology of ES Hap NPs is visible in FESEM micrographs at 
various magnifications. Similarly fabrication of Hap nanorods by 
Kumar et al. with a width of 40–60 nm and a length of 500–700 nm 
using discarded snail shells and microwave irradiation.25 A similar 
study by Padmanabhan et al. generated Hap NPs of a width of 
70–90 nm and a length of 400–500 nm using the sol–gel process.10 
Similarly study by Papageorgiou manufactured Hap NPs of a 
width of 20 nm and a length of 400 nm using the hydrothermal 
technique. Thus, it is obvious from prior research that the 

synthesis technique has a significant influence in modifying 
the size of Hap NPs, which ultimately defines their biological 
capabilities. However, based on FESEM images, nonporous 
Hap NPs may impact their biocompatibility. Consequently, the 
calcination temperature needs to be improved for enhancing 
tissue biocompatibility. Biocompatible non-toxic Hap nano rods 
are more advantageous for biomedical application.11,26,27

Hemolytic Analysis

The addition of Hap crystals to blood will result in hemolysis due 
to erythrocyte clumping and crystal-induced damage.28 However, 
up to 75 g/mL of ES-Hap NPs displayed less than 2% hemolysis, 
indicating nonhemolytic. When a larger quantity of ES-Hap NPs, 
100 g/mL and 200 g/mL mixed with blood and hemolytic activity 
increased to 2.2% and 3.2%, respectively. This shows that nanorods 
with a greater concentration of ES-Hap NR may display a minor 
hemolytic effect. ES-Hap nanorods and RBC interaction could 
have led to the oxidative stress thereby increasing concentration 
of hemolytic activity.29,30 In addition, In the future, the hemolytic 
impact of large concentrations of ES-Hap NPs can be mitigated 
by optimising their surface charge.9,31,32

CONCLUSION

This study resulted in the preparation of ES-Hap NPs from 
eggshell through an oil-bath-mediated precipitation technique. To 
validate the characteristics of the eggshell-derived nanorods, the 
powders resulting from the precipitation process were examined 
using characterization techniques. The XRD results based on 
crystallinity demonstrated Hap NPs of 20.86 nm. A FESEM 
investigation established the dimensions of NRs to be 78.15 nm 
and 221.62 nm, respectively. Crystallite size demonstrated that 
Hap NPs are comparable to normal human bone and may be 
employed as regenerative therapies. In addition, the hemolysis 

Figure 3:  FESEM micrograph at 20,000x magnification.

Figure 4: FESEM micrograph at 60,000x magnification.

Figure 5:  Hemolytic behaviour of Hap NPs using Egg shell powder as ES-Hap 
NPs analysing the % of hemolysis at various concentrations.
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testing demonstrated superior blood compatibility compared 
to chemically manufactured, traditional Hap. These improved 
biological features of biocompatible Hap NPs add great value in 
the development of innovative orthopaedic and dental implants.
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SUMMARY

Eggshells are abundant in calcium carbonate, calcium phosphate, 
and other organic chemicals, making them excellent for CaO 
production. The manufactured ES-Hap NPs powder was 
characterized utilizing XRD, FESEM, FTIR and hemolytic 
analysis was also done. ES-Hap NPs from eggshell through 
an oil-bath-mediated precipitation technique. The IR bands 
obtained for the ES-Hap sample at 1015 cm-1 and 563 cm-1, 
respectively, indicate that the FTIR analysis revealed functionally 
asymmetric and symmetric PO4 stretching groups. The XRD 
results based on crystallinity demonstrated Hap NPs of 20.86 
nm. A FESEM investigation established the dimensions of 
NRs to be 78.15 nm and 221.62 nm, respectively. Hemolysis 
testing demonstrated superior blood compatibility compared to 
chemically manufactured, traditional Hap.
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