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2 hours. The samples were diagnosed by using various diagnostic tests
including scanning electron microscopy (SEM), X-ray diffraction
(XRD), Fourier transform infrared (FTIR), X-ray spectroscopy (EDX),
and the density measurements. The XRD results showed that HA as-
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eywores prepared high purity and the crystallite size as around 63.561+ 11.327
)N(;ng hydroxyapatite nm, while the particle sizes~ 63 nm according to BET, also EDX clearly
Oyster shells showed elements (Ca, P, O). As for the density of NHA, it was
FTIR measured and found to be equal to (2.98+0.1) g/cm®. Characterization
SEM results (XRD, SEM, EDX, FTIR, and BET) showed that the

morphological and structural properties of the Hydroxyapatite.
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1. INTRODUCTION

Repairing damaged bones due to chronic
diseases and various traumas is a challenge for
clinicians and because this requires a biological
structure similar to that of bone. Hydroxyapatite
(HA) (Capo (PO4) 6 (OH), is a calcium
phosphate ceramic that belongs for the apatite
family of calcium phosphates and is a
biologically active ceramic [1]. Bio ceramics
have good mechanical properties and
appropriate for load bearing applications PO,
[2]. And excellent biocompatible in orthopedic
application. It is capable of fusing with bone
without triggering any local toxicity and
inflammation [3]. Hydroxyapatite is the main
vital mineral component found in human hard
tissues, and bone structure contains about 65 wt.
%, also enamel consisting of more than 60% by
weight [4,5]. Because of its biocompatibility
and capability to form bone, it has been
extensively studied for medical and dental
application and also it can be used in several
ways like Implant coating, orthopedic scaffold,
orthotics filling or drug delivery systems [1],
but its use in dentistry is constantly increasing.
Recent studies have also demonstrated the value
and requirement of biomimetic oral health
products using nano-sized hydroxyapatite
particles in contemporary preventive dentistry
[6, 7].

Oyster shells are one of the available ready-
mades and low-cost natural waste, which
mainly consists of calcium carbonate (98%)
with very negligible impurities (trace elements
such as In recent years though, there have been
several techniques of synthesis of Nano

Hydroxyapatite (NHA) which have been
successful to precise control structure and size
of NHA particles. Mg, Sr, K and Na) [8]. Also
Oyster shells can be attractive features for
converting biological material due to its
chemical composition into hydroxyapatite (HA)
powders.

In recent years though, there have been
several methods of synthesis of Hydroxyapatite
(NHA) which have been successful. For the
production of synthetic HA and through precise
control of its structure, several methods are It
has been described in the literature. Szcze's et
al. [5]. Methods for preparing HA were
classified to five groups: (1) dry methods (solid-
state, mechanical mechanical methods) [9]. (2)
Wet  methods  (chemical  precipitation,
hydrolysis, gel solution, hydrothermal, emulsion
or sonochemical) [10]. (3) High temperature
processes (combustion, pyrolysis method) [11].
(4) Synthesis based on bio-sources [12]. (5)
collection methods (eg hydrothermal - micro-
emulsion, hydrothermal - mechanical,
hydrothermal - hydrolysis, etc.) [13] (Figure 1).

The co- Precipitation method is one of the
most successful and most common techniques
due to its simplicity, quick preparation as well
as ease of control of particle size, shape and
structure, farther more, various possibilities to
modify the overall homogeneity of the product
[14]. It has been used in the preparation of
many nanoparticals such as CaF,, TiO,, ZnO
and Fe304[15,16].

In recent years, although there are many
methods of hydroxyapatite synthesis, the
methods of preparing it with certain properties
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are still a challenge for the possibility of
forming toxic intermediate products during
synthesis [11].

The importance of these materials has
prompted researchers to develop innovative
nanoparticles  for  various  applications.
Nanomaterials technology has been widely used
in medical applications (in dental materials) in
order to increase their efficiency from a
physical and mechanical point of view, such as
in composites, cements and ceramics. This is
due to the properties possessed by
nanomaterials, their small size, ease of
formation and other important properties.
Therefore, there was wide interest by scientists
to develop Nano-apatite because it is a
biological material similar in its Be similar to
the mineral component of bone. It has been used
extensively in many medical applications as a
filler to replace damaged bones, as well ass.<n
various applications such as dental and
maxillofacial applications. In recent years
though, there are many hydroxyapatite synthesis
methods, [11]. Much effort has been made to
synthesize NHA from abundantly materials
available natural sources in the environment,
such as the mammalian sources. Water or the
marine sources, Sources of psoriasis, Plant
sources and algae, and Mineral sources [2, 17-
20]. In addition, Physical properties such as the
degree of thermal equilibrium and purity, its
Particle shape and size, all these are important
qualities for the purity and high quality of each
form for use in biomedical applications [21, 22].

In this paper, Nano-hydroxyapatite (NHA)
was prepared from oyster shells. It is considered
the main natural source of hydroxyapatite.
Oyster shells are biological waste whose main
component is calcium carbonate that makes up
96%, as well as Other trace elements such as
Na, Mg, K, and Sr. It is a raw material for the
manufacture of hydrochloric acid [8], and it is
usually available on the banks of rivers in
abundance and at low prices. The shells
represent 55% of mussels. The shells of oysters

(fossils) were collected and placed in distilled
water for 24 hours, then dried and peeled to
remove dirt residues [23].

1. Experimental
2.1 materials

Thirty oyster shells from the Faw city were
collected. The oyster which were measured (3
cm to 5 cm in length) were thoroughly purify
from impurities then washed with water and
alcohol several times (figure 1). The oyster shell
has been dries through using oven at 80°C for a
period of 24 hours following washing. The
oyster shells were crushed by using a pestle and
ground, then sieved with a sieve below than 36
pUm were obtained using an auto sieve shaker
(Mates, A060-01, Germany) approximately 75 g
obtain of CaCo3 from oyster shells. To
transform CaCOs; into calcium oxide CaO. The
powder (CaCO3;) was placed in electrical
furnacea (MV MIHM-VOGT P6/B) and then
burned to 1200 °C for 2 hr at a rate increase
10° C/min. Then the crop is cooled and ground
again and sieved using a 500-mesh sieve to
obtain calcium oxide particles below than < 25
pm.

2.2. Synthesis of NHA

Co-precipitation method to synthesis NHA
nanocrystals (NHA powders have been prepared
at room temperature with buffer pH 10), 1 mol
CaO (obtained from oyster shell) was a
dissolved in 100 ml distilled water taken in 500
ml conical flask. 0.6 mol H,PO, was added into
the flask under vigorous stirring on a magnetic
stirrer. The mixed solution was stirred for 2 h to
transform the transparent reaction mixture into
opaque white suspension gradually. Then, the
mixture was centrifuged for 10 min at 5000 rpm
and washed three times with distilled water via
centrifugation to remove the residual calcium
and the PO, ions. Finally, the solid product has
been kept in an oven at 120 °C for 48 hours as
show in (Figure 1)

Ca,C0; - Ca0 + CO,
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Figure 1: Synthesis route for producing NHA
powder from oyster shells

2.3. Characterization of NHA

X-ray diffraction (XRD) was performed of
oyster shell, CaO and syntheses NHA. XRD
patterns used the Cu KD = 1.5405 A° radiation
(Philips PW 1700 series diffract meter, Leiden,
Netherlands) scanned between 20 (10 - 70°)
with a step size of 20 = 0.02¢ in continuous
mode and a count time of 0.35 Sec per step. The
crystallite size (D) of the glass samples was
determined by using Scherer equation.

where A represents the incident X-ray
wavelength (0.154060 nm), B Scherer A
constant between 0.85 -0.99 This depends on
the particle morphology (B = 0.89) for spherical
crystals with cubic symmetry), 0 represents the
diffraction angle, and W is the full width at half

maximum (FWHM in radians). The diameter of
the sphere (L) can be estimated [24]:

Where D crystallite size.

Also XRD was used to determine the
crystal size of NHAalong the orbit of the ¢ axis
and the a axis by applying lattice planes spacing
can be expressed as follows.

Ao
d= —/————— .o 3)
Vh? + k2 + 12
ao: lattice constant, here h, k, | are the
miller indexes of the set lattice planes under
consideration, we can write the quadratic form
2

sin? 6 = A ((nh)? + (nk)?
2a,
+ (D) 4)

To characterize the morphology and size,
scanning electron microscopy (SEM) was used.
NHA and size particles. (VEGA TESCAN -
Czech). As for the calcium oxide picture, it
shows a significant difference from the shells of
oysters, and this indicates the process of
releasing carbon dioxide during the calcination
process. Microscope images reveal the outer
distances of the sample[25]. In addition, X-ray
analyser (EDX), associated with SEM, and It
was used for semi-quantitative verification of
chemical compositions. The density of the
substance was measured using a specific gravity
bottle (density bottle). Where the weight of the
bottle was measured when it was empty without
any additives (Wpyc) [26].

Ppow = Wpow . (5)

Wpyc-wat =(Wpyc—wat—pow—Wpow)

Transform infrared (FTIR; Nicolet Magna-
IR 550) uses  Fourier  analysis
spectrophotometer, Madison, WI) was used to
analyse the functional groups of oyster shells
(CaC03), CaO, commercial HA and NHA
prepared from oyster shells. FT-IR spectra were
acquired over the 500-4000 cm-1 region using
the KBr pellet technique. The specific surface
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area of oyster shell powder was calculated by
Brunauer-Emmett-Teller (BET) analysis. The
BET method was also used in conjunction with
Chembet-3000 QUANTACHROME. The mean
diameter (dBET) obtained by applying the BET
method is represented as:

6
dBET - Asp TR TR (6)

Whereas is the specific surface area (m?/g)
and p is the theoretical density of the
hydroxyapatite 3.18 g/Cm®. Malvern Zetasizer
version 7.03 (serial number: MAL1032006)
particle size analyser was used to analyse The
particle size that is sintered compound NHA
powder. The volume distribution report was
calculated by intensity and the statistical report
volume by severity.

1. Result and Discussion

In order for us to obtain biomaterials with
nanostructure Advantages restorative dental
material, a great deal of interest has been
revealed to NHA with natural waste. The XRD
pattern of oyster shells (Figure 2) shows
characteristic peaks at the 20 (26.17, 27.16,
29.36, 33.12 and 45.87), which are fitting with
identified JCPDS (CaCO3) the file No. 085-
1108. The result did not show any extraneous
phases corresponding to CaCO3 suggesting that
CaCo3 with high purity. In addition, the XRD
Pattern were used to calculated the crystalline
size D (nm) from equ.1 for oyster shells indicate
to 34.592+ 10.086 nm. Figure 3 lllustrates that
the XRD spectra from calcium oxide CaO, from
which we were observe three distinct peaks at
20 (32.1261, 37.2826 and 53.77) and several
small peaks, appeared to the crystalline nature
of the CaO, also, the crystalline sizes of CaO
was calculated and indicate to 63.373+11.17
nm.

Figure 4 shown the XRD pattern of NHA
contain many sharp peaks appeared which mean
HA have high crystallinity, furthermore, XRD
pattern obtain with d-spacing values of 4.920 A,
3.04 A and 2. 79 A and the d spacing value also

exactly matches hexagona dipyramidal phase.
From Table 1 Influence of the Ilattice
parameters, the HA hexagonal-dipyramidal
phase axis= axis and c axis were calculated as
well as crystallite sizes (D) from the
corresponding X-ray diffract grams’ fig 3. The
parameters values of NHA were near to the
JCPDS standard (an axis= b axis =9.418° A
and ¢ axis=6.884 ° A) but have slight
differences among them. These slight
differences in the calculation of crystallographic
parameters can be due to the purity of NHA,
which depends on the reaction components and
preparation methodology (63.55 nm).
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Figure 2: Shows XRD for Oyster shell powder
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Figure 3: shows XRD for CaO powder
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Table 1. The particle size analyses of a HANPs.

Figure 4: shows XRD for NHA powders.

20 Miller d Crys_talline Dimeter lattice
Degree index | value size <L> constant
(hkl) | (A) D (nm) (nm) a0 (A)
18.0273 | 002 | 4.92 67.35 89.80 9.49
28.6346 | 202 | 3.55 68.65 91.53 9.47
29.3679 | 210 | 3.04 41.26 55.02 6.8
34.0558 | 211 | 2.63 69.56 92.75 6.44
47.0902 | 222 | 1.92 70.08 116.11 | 6.68
50.7485 | 213 | 1.79 55.24 73.65 6.73
543003 | 321 | 1.68 72.76 99.68 6.32

JOPOS(O343)

Intensity {a.u)

(R}
0 v 2 ¥ & % & N W
20(deg)

Figure 5: shows XRD for the NHA powder
(standard) as reference.

Generally, crystallization is influenced by
physical conditions such as temperature, pH,
ionic strength and presence of different
additives[27,28] .

This crystallographic structure is more
similar to natural bone mineral. This further
confirms the XRD findings that the NHA is
completely transformed to CPP. A similar
observation was reported by Gomze-Morales et
al.

Morphological results from SEM images
show images of NHA, where we see in the
Figure 6 that NHA contains fine lumps and has
a surface shape similar to commercial NHA. It
also contains a porous and interconnected
morphology. This supports its use in medical
applications, especially bone tissue[29].

40



JOURNAL OF KUFA-PHYSICS | Vol. 14, No. 2 (2022)

Kifayah K. Thbayh, Rafid M. AlBadr, Kareema M. Ziadan

r]

-— - - -- -

Oyster shellsi | n-s31s0m%
< >
_‘ D1=61.850m 3 a

-~

: .
- 4 -

7

SEM MV 20 00 xV WD 99616 mm
SEM MAG: 35 00 kx Det: SE

Oateimialy): OT/NN22  supervisor 4 n

SEM MV 20.00 kV WD 10,0280 mm
SEM MAG: 36.00 kx Det: SE
Date(m/dly): OT/13/22  supervisor

VEGAW TESCAN SEM HV. 20,00 KV WO. 10.1340 mm
H SEMMAG: 3500 kx  Det: S

Date(middy): O7/13/22  supendsor

VEGAW 't:CAl"d

Potymer & Petrochemical Institute n

D1 = 70.70 nm

'O2 = 77 AB nm

VEGAW TESCAN

Polymer & Petrochemical Institute n

Figure 6: (a) SEM images of Oyster shells, (b) CaO and (c) NHA

The pore size ranges from 0.3 to 1um,
which may be an advantage for the circulation
of the physiological fluid when it is used for
biomedical purposes.

EDX detected the emission of elements of
carbon (C), oxygen (O), and chlorine (CI). The
percentage (wt%) of all elements before SDS
adsorption was investigated as following order:
C (62.30%) > O (37.07%) > Cl (0.63%).
Similarly, the percentage (wt.%) of all elements
present in Pinus densiflora cone after adsorption
was investigated as following order: C (62.24%)
> 0 (37.65%) > Cl (0.10%). As shown in, EDX
detected the As shown in
Figure 7, EDX detected for the Oyster shells
the result shown that Oyster shells consist of a
high percentage of calcium carbonate,

approximately 96% and 4 % of some organic
element[20]. shows the chemical composition
of pure oyster shells powder as it consists of
elements (CaO, O, C) [28]. Figure 8, shown the
chemical composition of CaO prepared from
burning oyster shells, EDX detected that CaO
consists of elements Ca, O denoted ~ 47, 53%
respectively.

As for NHA powder prepared from the
reaction of Ca(OH), with H3PQ,, its chemical
composition is shown in the figure 9 and it
consists of the elements (Ca, P, O)[30].
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Figure 7: EDX images of Oyster shells
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Figure 9: EDX images of NHA

The result density is (2.98+0.1 ), which is
similar to[31]. Transform infrared (FTIR;
Nicolet Magna-IR 550) Fourier analysis was
used spectrophotometer, Madison, WI) is used
to analyse the functional groups of oyster shells
(CaC0O3), CaO, commercial HA and NHA
prepared from oyster shells. FT-IR spectra were
acquired over the 500-4000 cm-1 region using
the KBr pellet method Figure 10 show us the
FTIR spectroscopy for oyster shells, CaO and
NHA. Through spectroscopic analysis of oyster
shell powder, we note that it consists of four
basic bands, which can be described by the
vibrational patterns of aragonite and represent
the crystalline form of CaCO3 [32].

From the Figure, we note the effective
bonds represented by CaCO3, which appears in
(712-860 cm™), while we observe it in COs at
(1082 cm™), as well as the C-O bond that we
see in (1477 cm™) [21]. In addition, by
analysing (FTIR) CaO of powder, the formed
functional groups represented by CO, O-H and
CaO were known. We note from Figure (9) the
functional group of oyster shells calcined at a
temperature of 1200 °C we see it between 426-
458 cm™, as well as O-H we see it in 2435-2643
cm™ as shown in Table 2 [33].

Most of the characteristic chemical bonds
of NHA are represented by phosphate,
carbonate and hydroxyl [34,35]. The (FTIR)
demonstrated the nanocrystalline structure of
NHA, from Figure (9) we observe the bands at
470 consistent with the vibrational reactions of
(v4 PO4-3). As for the bands 565-603 cm™,
which are consistent with the vibrational modes
(v4 PO4-3), the CO was observed to be between
1420 cm™ (v3, asymmetric expansion) and 872
(v2, outside the plane curve) where it represents
the formation of carbonate apatite, which is the
reaction resulting from the absorption of carbon
dioxide by the atmosphere during the process of
apatite synthesis [34].

The broadband in the region of 3000-3600
cm-1 is attributed to water absorption. Thus,
these FTIR results are those of successful NHA
and the like. For oyster shell powders, calcium
oxide, and NHA, the detected Functional groups
and their corresponding functions displayed in
Table 2.

P W NN
! ff?t% iAINIAN NS

r \im [ |
N, AT
wi"w’ A\ ] j TN

| 1]
B

o
=

Figure 10: presented FTIR spectra of oyster
shells (CaCQO3), CaO, and NHA
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Table 2: Represents the effective bonding
sites for oyster shells, CaO, and NHA.

1042 v3 Asymmetric bending
vibration PO4 3-
1420 o0 v2 symmetric and v3
asymmetric stretching
of CO3 group of the
calcite

2364 hydroxy group (O-H
stretching)

2426 hydroxy group (O-H
stretching)

2644 hydroxy group (O-H
stretching)

3747 hydroxy group (O-H
stretching)

Wave
number | Functional group
(cm™
CaCo;z (y4 mode)
712 aragonite
860 CaCo3 (y2 mode)
(y1 mode) the
symmetric stretching of
1082 CO3 appears in the
Oyster shells aragonite spectra.
Inappropriate expansion
(CaCO3)[32] 1477 of the carbonate ion
(v3) (calcite),
(aragonite)C-O bond
Inappropriate expansion
1788 of the carbonate ion (v1
+ 4) (calcite)
hydroxy group (O-H
3437 stretching)
426 Ca-O bond
458 Ca-O bond
o v2 symmetric and v3
asymmetric stretching
1421 of CO3 group of the
calcite
hydroxy group (O-H
2435 stretching)
hydroxy group (O-H
2643 stretching)
v2 Asymmetric bending
470 vibration PO4 3
v4 Asymmetric bending
565 vibration PO4 3-
v4 Asymmetric bending
Ca0 603 vibration PO4 3-
v2 Asymmetric bending
872 vibration CO3
v3 Asymmetric bending
1042 vibration PO4 3-
0 v2 symmetric and v3
asymmetric stretching
1420 of CO3 group of the
calcite
hydroxy group (O-H
2364 stretching)
hydroxy group (O-H
2426 stretching)
hydroxy group (O-H
2644 stretching)
hydroxy group (O-H
3741 stretching)
470 v2 Asymmetric bending
vibration PO4 3
565 v4 Asymmetric bending
vibration PO4 3-
NHA 603 v4 Asymmetric bending
vibration PO4 3-
872 v2 Asymmetric bending

vibration CO3

To estimate particles specific surface area
of NHA, Brunauer-Emmett-Teller (BET)
analysis was performed. BET measurements of
NHA effectively found a specific surface area
of 4.96 m”g™. This, thus, corresponded to the
size particles of NHA is = 63 nm according to
equ.l. Finally, the density of NHA calculated
from equ. 5 which denoted 2.98+0.138 g/cm®
was the nearly as that theoretical density 3.18
glcm®. Consequently, the best condition for
hydroxyapatite synthesis was seen to be from
oyster shell powders.

4. Conclusions

This study is devoted to synthesizing NHA
particles from oyster shell powders. The
calcinations process of the original oyster shell
at the temperatures of 1200°C for two hours was
the most complete transformation from CaCO;
to CaO. The prepared NHA powders at different
pH and the results have been shown that, at pH
10 the crystallinity was improved. Although the
oyster shell is a waste material, the present
investigation  shows that the NHA
nanocrystalline can be successfully prepared by
a simple precipitation method at room
temperature from the oyster shell. The particle
size of the Nano hydroxyapatite was 60 nm.
Moreover, the characteristics of synthesized HA
were quite comparable to those prepared from
the other methods of homogeneous NHA for
subsequent usage in biomedical and orthopedic
applications.
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