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Hydroxyapatite, a bio-ceramic material widely utilized in bioengineering, holds
significant promise for bone implant applications due to its biocompatibility and non-
toxic nature. This study focuses on the organic synthesis of hydroxyapatite with tailored
nanoscale properties suitable for integration into functionally graded materials like
NiTi/HA, intended for bone implants. Porous NiTi possesses desirable mechanical
properties for such applications; however, its limited bioactivity poses a challenge for
therapeutic use. Composite structures comprising porous NiTi and hydroxyapatite (HA)
offer a viable solution to promote bone ingrowth and implant integration with
surrounding tissue. Eggshells serve as the raw material in this research, subjected to
calcination at 1000°C for three hours to yield calcium oxide. Subsequent crushing and
mixing with phosphoric acid, followed by milling using a planetary ball mill for twenty-
two hours at 45 rpm, produces a homogeneous hydroxyapatite powder (HA).
Comprehensive characterization using particle analysis, FTIR, SEM, and XRD confirms
the desired properties of the synthesized powder. FTIR analysis verifies the presence of
fundamental HA components, while XRD reveals a structure akin to traditional
hydroxyapatite powder, featuring characteristic peaks corresponding to (PO4%),
(C0O3?), and bending OH". Particle size analysis indicates a range of (0.301) pm to
(4.759) pm, with a mean size of (1.088) pm. The findings of this study highlight that
hydroxyapatite powder derived from eggshells exhibits favorable particle size,
bioactivity, and porous nature, rendering it well-suited for incorporation into bone
implant materials.

1. INTRODUCTION

starting with mammalian bone sources and continuing with
fish bones and scales [6-8], egg-shells [9, 10], and marine

Bone grafts are the second most common tissue transplant
procedure performed globally, after blood transfusions [1].
Alveolar bone abnormalities can arise for a variety of reasons,
but the most frequent ones include osseous deficiency, tumor
excision, periodontal disease-induced alveolar bone loss, and
subsequent tooth loss [2]. The main reason rehabilitation is
required for bone defects are to stop excessive alveolar bone
resorption, which jeopardizes the quantity, quality, and shape
of the bone. This keeps the insertion of dental implants from
failing, preserves the typical anatomic outline, eliminates
empty space, offers an aesthetically pleasing restoration, and
makes it easier to encapsulate and administer drugs [3, 4].
Mammalian bone grafts, or xenografts, have been utilized for
over thirty years and are still in use today. They have many
benefits, including excellent biocompatibility,
osteoconductive properties, great availability (both in size and
quantity), and cheap cost [5]. Up until now, the only materials
that could meet the necessary requirements for improved bone
substitution ability—such as biocompatibility,
osteoconductivity, and osteoinductivity—were autografts and,
to a lesser extent, allografts [6-10]. As a result, the natural
supplies of apatite for biological synthesis have grown yearly,
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organism exoskeletons (snails, starfish, coral, and seashells
[11, 12]. Alloplastic bone substitutes come in a variety of
compositions, sizes, shapes, textures, synthesis techniques,
biocompatibility, bioresorbability, high availability, and cost-
effectiveness. [13, 14]. Even with these advantages,
improvements are still needed to improve their bioactivity, bio
tolerance, or absorption into the physiological milieu [15, 16].
Due to the carbonated apatite that is produced having a
composition and structure identical to human bone,
hydroxyapatite synthesis from hen egg shell sources is now
one of the most promising methods [17, 18].

The inorganic mineral hydroxyapatite, often known as HAP
[Caio (PO4)s (OH)2], makes up about 70% of bone. Natural
bone contains HAp crystals that are in the Nano range in size.
Calcium and phosphorus make up most of the basic
components of hydroxyapatite, with a calcium-to-phosphate
proportion of 1.667. In this process of chemical synthesis,
hydrogen ions are removed at extreme temperatures. However,
a variety of methods were utilized to examine how to create
these nanocrystals. More research is still needed to fully
understand how to regulate the crystallinity, shape, and size of
these substances [19, 20]. Because of its excellent
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biocompatibility with soft tissues such as gums, muscles, and
skin, hydroxyapatite (HAP) is a great choice for orthopaedic
and dental implantation and the components of implantation.
Widespread applications for synthetic HAp in the repair of
hard tissues include bone healing, bone augmentation,
covering implantation, and functioning as fillers in teeth or
bone. Normal HA ceramics' poor mechanical strength, on the
other hand, often limits their employment to light load-bearing
applications. To precisely describe the small-scale features of
HAp, recent developments in nanotechnology and
nanoscience have rekindled studies of Nano-scale HAp
formation [21, 22]. (HA) could be produced from biogenic
materials as shown in Figure 1, like fish bones [23], eggshells
[24, 25], seashells [10], and coral [8] by the use of several
chemical synthesis processes. These are based on reactions
that take place in a solid state [26].

e

Figure 1. HAP natural sources [27]

Hydroxyapatite

Academics are very interested in using eggshells to create
products with a large added value, like Nano-crystalline
hydroxyapatite (HA). Eggshells are made of CaCO3 and other
trace elements, like Si, Mg, and others, that are necessary for
physiology. HA must have the proper nanoscale properties to
be useful in a wide range of biological situations. These
characteristics include, among others, their mesoporous nature,
surface area, shape, and crystallinity. The rapid production of
precursor materials with suitable nanoscale properties for
tissue engineering scaffolds, drug/protein delivery carriers,
creating bone fillers, and other similar applications appears to
be made possible by the formulation of eggshell-derived HA
using a variety of organic modifiers in a microwave reactor
designed specifically for the task [28]. Natural hydroxyapatite
exhibits a notable absence of impurities, possesses a superior
level of crystalline structure, and is characterized by its eco-
friendly nature [29, 30]. A prior investigation indicated that
synthetic hydroxyapatite exhibits significantly lower
biodegradability compared to natural hydroxyapatite and
calcium phosphate [31]. As of 2017, the majority of the
publications listed in the Scopus database described eggshell
as a source of hydroxyapatite. Calcium oxide, or CaO, was
produced in a number of investigations using high temperature
fire calcination [32-36]. To create pure calcium phosphate, the
CaO was subsequently treated with diammonium hydrogen
phosphate [32, 34, 36]. Other studies employed phosphoric
acid sonication [33]. In addition to calcination, calcium
chloride solution was also made using the hydrothermal
method [37, 38] as a calcium precursor. It was demonstrated
that the extraction time could be reduced by using the hybrid
method of calcination and microwave-assisted hydrothermal
processing [5]. Lala and associates [32] used disodium
hydrogen phosphate and calcination to remove hydroxyapatite
from eggshells. Their research revealed promising osteogenic
potential. Additionally, crystalline hydroxyapatite increased
cell viability, indicating that it was more biocompatible than
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the control sample. Arslan et al. [34] carefully examined the
impact of hydroxyapatite derived from an eggshell scaffold in
conjunction with human hair keratin and jellyfish collagen.
Eggshells were calcined at 1000 <C for three hours in a box
furnace to produce calcium oxide. The next step was to add
diammonium hydrogen phosphate to create hydroxyapatite.
Considering the unique and remarkable method of using
bioceramic or biopolymers in regenerative medicine, the
researchers proposed that osteoconductive scaffold using
human hair keratin, jellyfish collagen, and eggshell-derived
Nano hydroxyapatite was a new and cost-effective approach
for scaffold fabrication Sultana and colleagues [35] used a
novel UV-mediated solid state method to synthesize
hydroxyapatite from eggshell without subjecting it to heat
treatment. They proposed that the UV-irradiation method,
followed by ball milling, can be used to create hydroxyapatite
at room temperature. They also noticed that the cell viability
test revealed no appreciable cytotoxicity. Cell bioactivity in a
simulated body fluid soaking test was within permissible
bounds.

Similar to muscles, the composition of bone can be arranged
in a pyramid, with hydroxyapatite (HA) crystals at the base of
the pyramid. The type and location of bone in the body
determine its different composition. Such an arrangement of
composition can be lamellar or layer-by-layer [39]. In the
present work, we synthesized HA Nano and Micro powders,
starting from chicken eggshells (biogenic calcite), Then
confirm its formula by chemical and spectroscopic analysis
and compare it with scientific references, and then use it in
another research to benefit from it medically in preparing a
functionally graded material NiTi/HA that can be used in bone
implants.

2. METHODOLOGY

Eqgg shells and phosphoric acid were used as raw materials.
The following steps were taken to create HA powder from egg
shells:

e Egg shells were gathered, and their surfaces were cleaned
mechanically (a toothbrush and distilled water were used
to obtain a good cleaning).

e Egg shells are left in the air to dry (at least for two days)
after they have been thoroughly cleaned.

e The raw egg shells were sintered (calcined) in a furnace
with air at 1000 <C for three hours.

e There are two steps in the calcinations procedure: For the
first thirty minutes of the process, the majority of the
organic materials were burned, and during that time, the
egg shells changed into calcium oxide.

e Using a steel home mill, calcined egg shells were crushed
and ground.

e In order to create calcium phosphate powders, the
resulting powder was continuously stirred with
phosphoric acid at a 1:1 weight ratio using a glass spoon,
resulting in an exothermic interaction.

e To obtain a homogenous mixture and prevent
agglomeration from the calcined, the resultant mixture
was milled in a planetary ball mill for 22 hours at 45 rpm.

e Following milling, the resulting powder was heated in a
calcination furnace for two hours at 1000<C in an air
atmosphere.

e  Passing the final powder through a 53pum-diameter sieve
after it has been ground.



e HA powder was the end product.

The experimental process for preparing HA from egg shells
using the calcination method is depicted in Figure 2 below.

The equipment and device used to prepare HA powder from
egg shells using the calcination method are shown in Figure 3.

Figure 2. Procedure for making HA powder from
eggshells: (A) Egg shells cleaned; (B) Broken and calcinated
egg shells; (C) Crushed and milled egg shells

-
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Figure 3. The tool used to make HAP powder from
eggshells: (A) furnace, (B) planetary ball, (C) home steel
mill, and (D)sieve

3. RESULTS AND DISCUSSION
3.1 X-ray diffraction

XRD is employed to describe the quantitative and
qualitative characteristics of solid compounds as well as to
examine the crystallization of compounds and their phase
purity [40].

The relationship that used is:

nA=2d sin 6

where:

n: is a positive integer.

\: is the incident X-ray beam's wavelength.

d: is the separation of atomic layers in a crystal.®: is the
Bragg's angle.

Bragg's law is used to interpret X-ray diffraction data [41].

Identification of HAP depends greatly on the location, form,
width, and strength of the HAP peak in the XRD spectrum. To
match the resulting XRD spectrum to recognized standard
pattern analysis, the examination of the HAP, which is made
from powdered eggshells, using X-ray diffraction (XRD) is
shown in Figure 4 for the 100 to 800 diffracted angle range.
When the peaks are compared to those on (JCPDS) card No.,
it demonstrates high purity of the hydroxyapatite phase (09-
0432). These outcomes demonstrated the effectiveness of raw
eggshells in producing pure HAP powder.
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Figure 4. XRD spectrum for the resulted HAP of eggshells
and of pure hydroxyapatite (JCPDS no. 09-0432)

3.2 Scanning Electron Microscope (SEM)

The morphology of hydroxyapatite was studied using a
scanning electron microscope (SEM). Figure 5 shows SEM
images of Hydroxyapatite particles that formed in
agglomerates. The images also show that the synthesised
hydroxyapatite is porous in nature. This porous characteristic
is desired and can be advantageous when utilised in implants
since it makes it easier for the implant and the biological
environment to interact.

Figure 5. SEM micrographs of HAP of eggshells

3.3 Analysis of FTIR spectroscopy

Infrared spectroscopy using Fourier transform can be used
to identify the amide, phosphate, and carbonate sets that make
up the final powder, in addition to confirming the production
of HAP. According to Fourier-transform infrared
spectroscopy standard analysis, transmission mode, the
carbonate set is present at about (1410-1450) cm™ and (875)
cm?, and the hydroxide group is present at approximately
(3500-3200) cm™., For the phosphate set, (10) (1049-1090) cm-
1,1950-2200 cm™, (962) cm, and (560) cm™ are used [42].



As shown in Table 1, the energy beams at (3572.29) cm™ and
(3643.65) cm™ depict OH-, (1415.80) cm™ represents the
amide set of COs, and (1043.52) cm™, (972.16) cm™, (605.67)
cm™ and (551.66) cm depict the beams for the PO4 set.
Figure 6 depicts the constituents of the powder produced by
the thermal calcining of eggshells. FT-IR analysis and
comparison with reference spectra showed that they were the
active sets for HAP powders.
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Figure 6. HAP from eggshells FT-IR spectrum

Table 1. The significant FT-IR stretching of HAP
frequencies from eggshell

Bands of Infrared Absorption (cm™) Description

1043.52 (PO4*)
972.16 (PO4*)
605.67 (PO4*)
551.66 (PO#)

1415.80 (COs™)

3643.65 OH Bending

3572.29 OH Bending

3.4 Analysis of particle size

The particle distribution of micro and Nano-HAP is shown
in Figure 7. Due to the high agglomeration caused by the
granules' large surface area, The screening medium consisted
of distilled water without any dispersants. The particles are
between (0.301) pm and (4.759) i in size, with a size that is
on average (1.088) pm.
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Figure 7. Analysis of the particle size of HAP from eggshells

4. CONCLUSIONS

In this study, hydroxyapatite was prepared from egg shells

and its properties were studied, X-Ray diffraction(XRD)
technique was used to investigate the formation of HA powder,
By analyzing the XRD pattern and comparing it with the
standard hydroxyapatite (HA), it was determined that the raw
eggshells were successful in producing pure HAP powder, The
FT-IR analysis validates that the resultant powder derived
from eggshells comprises identical compounds that are
detectable in pure hydroxyapatite (HAP). Through SEM
analysis, it was demonstrated that the produced material
exhibited a discernible and extremely high porosity. This may
be linked to enhanced adherence of biomolecules and possible
elevation of osteoconductivity. The particle size was also
established, with a range of (0.301 to 4.759) m and (1.088)
pm, Hydroxyapatite, with these micro and nano molecular
sizes, has high efficiency in its biomedical applications,
especially bone tissue engineering applications. Nanoscale
properties enhance biological responses. From the test results,
the following conclusions can be drown:

e This study demonstrated that, by using a calcining
method and planetary ball milling after mixing with
phosphoric acid, egg shells can be utilized as an
organic source for the production of HA.

e The HA derived from eggshells will undoubtedly be
a reasonably priced bio-ceramic material for
biomedical purposes. A valuable substance for bone
healing and tissue regeneration, hydroxyapatite is a
fundamental component of teeth and bone.

e  One technique that will increase the value of waste
usage is the conversion of waste from agricultural
activities into  biocompatible  materials, or
biomaterials, that are utilized in medical surgery. Its
use also has the ability to reduce the level of pollution
and environmental impact resulting from reliance on
chemical products, as the materials prepared in this
way are free of toxic substances and heavy metals.
The reason for this is that the eggshell containing
calcium carbonate came from a living organism (a
chicken). However, if we rely on calcium carbonate
found in nature, it contains many compounds and
impurities associated with it, depending on the nature
of the area.

e  The best feature of this method is that it is easy to use
and has a low economic cost, as the requirements of
any creative work depend on the ease of the method
and its economic cost.

e The compound that was prepared in this study, after
confirming its formula by chemical and
spectroscopic analysis and comparing it with
scientific references, will be used in another research
to benefit from it medically.

Recommendations for future work:

e Studying the preparation of hydroxyapatite powder
from other raw materials with different grain sizes,
and studying the influence on other materials to
prepare compensation materials for jaw bones.

e Manufacturing Nano-hydroxyapatite from eggshells
using the microwave-assisted hydrothermal method
(HTMW) and studying its properties and comparing
it with the product in this study.
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