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Absiracl- Hydroxyapatite (HAp) with the chemical formula of
Ca;o(PO,)s(OH), is a mineral component found in bone
structure, and has broad application in many fields. Several
sources can be used for the extraction of HAp either synthetic
or natural. However, sources such as porcine and bovine have
drawbacks that decreased the demand of HAp.This study
aimed toextract and determine particle size distribution and
pore characteristics ofhydroxyapatite nanoparticles (HAp NPs)
derived from spotted sardinella (Amblygaster sirm). Further
characterization of extracted HAp NPswas carried out by
Scanning Electron Microscopy (SEM), Energy Dispersive X-ray
Spectroscopy (EDS)and Brunauer—-Emmett-Teller(BET).SEM
analysis has shown that the extracted HApNPs has an
irregular sphere-like shape with particle size distribution
ranged from 95nm to 100nm. The EDS analysis confirmed the
presence of calcium (Ca), phosphorus (P) in the extracted
nano-HAp and the Ca/ P ratio was 1.64, which is acceptable
for HApnon-stoichiometric molar ratio. Nitrogen sorption
analysis demonstrated that the extracted HAp NPs has high
specific surface area and pore volume which was 22.07 m?/g
and 0.1179 cm®g, respectively. HAp NPs demonstrated
similar properties to the standard HAp and possessed
excellent physico-chemical properties due to the nanoparticle
size that contribute to the large specific surface area. Overall
findings have demostrated that the extracted HAp NPs from
spotted sardinella bone had successfully produce non-
stoichiometric HAp NPs with a large specific surface area.
Such characteristics is important for HAp NPs that differed
itself from conventional-sized HAp. This study suggested that
the synthesized HAp NPs could be potentially used as an
alternative materials for various applications.
Keywords: HAp NPs, nitrogen sorption,
characterization, non-stoichiometric.

fish bone,

I. [NTRODUCTION

one is a combination of organic and inorganic
Bcomponents that provides mechanical strength
and stability to the structure (Dorozhkin, 2013).
The organic components include fat, collagenous, and
non-collagenous proteinthat are packed together with
inorganic nano-hydroxyapatite (nano-HAp) to form a
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bone structure(Poinern et al., 2016). Nano-Hap with
achemical formula of Ca,, (PO,)s(OH), is an organic
mineral component found in bone and teeth which
possesses excellent biological properties (Barakat et al.,
2009; Jahan et al, 2017). It has exceptional
biocompatibility due to their similar structure and
composition with boneand enamel of teeth (Dorozhkin,
2013; Tsai et al., 2008; Zhou and Lee, 2011). Nano-Hap
constitutes in bone and enamel structure of teeth usually
in rod-like shaped nano-crystal with an average size of
20 to 50nm(Ajami et al., 2016).

Nano-HAp has many applications in medical,
pharmaceutical, and dentistry due to its enhanced
biocompatibility, bioactivity, non-inflammatory behavior,
non-immunogenicity and  high  osteoconductive
properties (Giraldo-Betancur et al.,, 2013; Huang and
Chu, 2013). Nano-HAp has the capability to assist the
growth of new bone and enhanced the bone structure
due to its osteoconductivity without any inflammatory
effects (Sobczak-kupiec et al., 2018). The application of
nano-HAp as a scaffold in generating a new bone
depending on the optimum condition of its porosity and
pore size (Ofudje et al., 2018). Nano-Hap can be used
in the medical field as an alternative coating material to
increase  theattachment strength of bone to
metalimplants(Coatchup et al., 1999). It also has the
potential to be applied in dentistry field for regenerating
the enamel layers of damaged teeth(Zhou and Lee,
2011). Nano-Hap fulfilled the required criteria to be
applied in most medical and dentistry purposes related
to living things due to its excellent biocompatibility.

However, the morphological structure and size
of nano-HAp influence the mechanical properties and
biological behavior of the particles. Different size of
nano-HAp has different application due to its different
properties. The composition, crystallinity, morphology,
and particle size of nano-HAp are the essential
characteristics which affect its performance and
utilization (Jahan et al., 2017, Sun et al., 2017).

The properties of nano-HAp are also influenced
by the source and methods of extraction process (Sun
et al., 2017). The extraction process of nano-HAp
consists of natural and synthetic methods. Nano-HAp
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can be produced syntheticallyfrom chemical such as
wet chemical precipitation Fernando et al., 2015; Gentile
et al., 2015; Kamieniak et al., 2016; Nazari et al., 2014,
Zanotto et al.,, 2012), sol-gel (Agrawal et al., 2011), spray
drying (Chow and Hockey, 2004; Ruphuy et al., 2016),
hydrothermal  transformation (Hu et al., 2001;
Sivaperumal and Mani, 2017). Meanwhile, natural
approach involve heat treatment of bone such as bovine
bone (Barakat et al., 2009, Bahrololoom et al., 2009;
H|Khoo et al., 2015; Gentile et al., 2015), fishbone
(Boutinguiza et al., 2012, Ozawa et al, 2007,
Venkatesan et al.,, 2015; Pal et al., 2017), fish scale
(Huang and Chu, 2013; Prasad et al., 2017), eggs shell
(Gergely et al., 2010; Khandelwal and Prakash, 2016;
Rivera et al., 1999), and snail shell (Adak and Purohit,
2011).This method is preferred over the synthetic
method due to its low-cost, time-saving and simple
procedure (Sun et al., 2017).

There are a few studies have been reported on
the extraction of nano-HAp from natural sources for
different field of applications. In this paper, the
preparation of natural nano-HAp has been extracted
from spotted sardinella (Amblygastersirm) bone using
heat treatment. The fish bone was obtained from fish
processing industries which in return will help to reduce
the environmental pollution by promoting the potential
use of the fish by-products. Therefore, this study aimed
to extract and characterize the elemental composition
and pore characteristics from nitrogen (N,) isotherms of
nano-HAp from A.sirm bone and compare with
standard. The extraction was carried out at different
calcinations temperatures of 600°C, 700°C, 800°C,
900°C and 1000°C. The nano-Hap particles were
characterized using Scanning Electron Microscope
(SEM) equipped with EDAX and Micromeritics devices.

[I.  MATERIALS AND METHODS

a) Preparation of raw material

A total amount of 50kg of spotted sardinella
(Amblygastersirm) bone was collected from local fish
processing industry and stored in a freezer at -20°C.
Standard hydroxyapatite(HAp) was purchased from
Sigma and used as control. The frozen raw material
proceeded to bone separation process and boiled
before it was then rinsed with tap water to remove
adherent fish meat. The raw material was dried in an
oven.

b) Extraction of nano-hydroxyapatite

The extraction of nano-hydroxyapatite (nano-
HAp) was carried out according to the method of
Boutinguiza et al., (2012).The dried bone was heated in
a furnace(Carbolite, UK) at different temperature and it
was cooled isothermally in dessicator. The calcined
bone was milled for using the ball-mill(Retsch PM 100,
Germany).
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c) Scanning Electron Microscopy

Scanning Electron Microscopy (SEM) analysis
was carried out according to the method of Boutinguiza
et al, (2012). The morphology of nano-Hap was
determined by a Scanning Electron Microscope(JEOL
JSM-6360LA, Japan) and (JEOL JSM-6610LV, Japan).
The nano-HAp were coated with a thin gold layer before
observed under a microscope.

d) Energy Disperse Spectroscopy

Energy Disperse Spectroscopy (EDS)analysis
was carried out according to the method of Boutinguiza
et al, (2012).The composition of nano-Hap was
determined by a Scanning Electron Microscope (JEOL
JSM-6360LA, Japan)equipped with an EDAX detector
for energy dispersive microanalysis (EDX) to analyze
local chemical composition.

e) Nitrogen sorption analysis

Pore parameters analysis was carried out
based on Bruaauer-Emmett-Teller (BET) theorem
followed to the method from Ciobanu et al., (2011)using
Micromeritics (ASAP 2020, USA).Thepore parameters
such as pore size (um),pore volume (cms3/g) and BET
surface area (m2/g)were calculated from the adsorption
branch of isotherms based onBarrett—-Joyner—Halenda
(BJH).

1) Statistical analysis

Analysis of Variance (one way ANOVA) and
multiple comparisons (Posthoc test) was applied in this
study. Comparisons of changes in Ca/P and pore
parameters were performed to determine the significant.
The level of significance was set at a = 0.05. Statistical
analyses were performed using SPSS for Windows
(version 23.0).

[11. RESULTS AND DISCUSSION

a) Morphological structure and particle size distribution

SEM analysis was performed to observe the
morphological composition and particle size distribution
of raw bone (RB), extracted hydroxyapatite
nanoparticles (HAp-1) compared to the standard
hydroxyapatite (HAp-2). The SEM images and particle
size distribution of RB, HAp-1 and HAp-2 are presented
in Figure 1. All of the SEM images show the particle
structure on the surface of the powders. The
morphological structure of raw bone (RB) showed an
amorphous shape and size consisting of decomposed
inorganic materials and the small size of the
hydroxyapatite (HAp) particle. This phenomenon could
be due to the composition of inorganic materials
contained in the RB, including HAp particle that has a
particle size distribution ranging from 90 to 100 um. The
particle size of RB seems to have larger particle
structure compared to the HAp-1 and HAp-2 due to the
packed structure of particles with a combination of
inorganic materials such as collagen proteins and HAp



crystals. This finding is further supported by Sutapaet
al., (2016) who stated that the raw bone consists of
inorganic materials including collagens, fats, proteins
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and mineral compounds which decomposed after the
calcination process except for HAp.
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Figure 1: SEM images and patrticle size distribution of RB (A), HAp-1 (B) and HAp-2 (C). Magnification: X1000, Volt :

15 kv, 10 kv.
*RB represents: Raw bone
*HAp-1 represents: Extracted nano-hydroxyapatite
*HAp-2 represents: Standard hydroxyapatite
There were slight differences in the calcination temperature has altered the size and shape

morphological structure of HAp-1. It exhibited smaller
particles compared to the ones observed for RB and
HAp-2. These HAp particles consisted of irregular and
agglomerated sphere-like shapes with particle size
distribution ranging from 95 to 100 nm. The
morphological structure of HAp-1 was found to be
agglomerated, consisting of tiny crystal particles. The
spherical morphology and agglomerated structure of
HAp-1 are similar to the particle morphology reported by
Poinemn et al., (2016). This phenomenon may be due to
the effect of the milling process and also was influenced
by the calcination temperature. The calcination
temperature used in the present study was 700°C and
this has changed the particle size of HAp-1, leading to
the formation of the agglomerated nano-sized particles
after the milling process (Sofronia et al., 2014). The

of the HAp-1 particles with high agglomeration due to
the low temperature used (Guo et al., 2013). The finding
of the present study is supported by Sun et al., (2017)
who found a similar finding on the structure of calcined-
HAp which has an irregular shape with a particle size
ranging from 20 to 100 pm. This finding is further
supported by Sofronia et al., (2014). who found similar
findings on the morphological structure of HAp-1 which
had pseudo-spherical shape particles consisting of a
large agglomerated structure with sizes less than 955
nm. The nano-sized HAp was previously reported to
have an elongated shape with a particle size of less than
100 nm (Jahan et al., 2017).

The HAp-2 exhibited a larger particle size with
fixed shape when compared to those The HAp-2
exhibited a larger particle size with fixed shape when
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compared to those observed for RB and HAp-1. The
Hap-2 consisted of the spherical shape of the HAp
particle with a particle size distribution ranging from 21
to 25 um. The particle size of HAp-2 seems to have
larger particle structure compared to the HAp-1 sample
due to the high crystallinity and growth of the HAp
crystal particles. The increasing of calcination
temperature influenced the grain growth and
crystallization of HAp particles due to the absorption of
heat energy during synthesis process (Guo et al., 2013;
Khoo et al.,, 2015). The present finding is further

supported by Sun et al., (2017) who found similar
conclusions on the morphological structure formed by
the standard HAp particle which has a spherical shape
with a size range of 5 to 15 um. A summary of findings
on the morphological structure and particle size
distribution of HAp from various studies is shown in
Table 1. It can be seen that the morphological structures
of HAp consist of various shapes, depending on the
source of extraction. It also influences the particle size
distribution of HAp.

Table 1. Various findings of morphological structures and particle size distributions of HAp extracted from different

sources
Morphological Particle size

Sample structure distribution (um) Reference

Tuna bone Irregular crystal-like 5-10 Sutapa et al., (20160
structure
Bovine bone Nano rod-like structure 0.3 Barakat et al., (2009)
Seabass bone Crystalline aggregates 0.2 Ozawa et al., (2007)
Sea bass bone Irregular structure 0.005-0.055 Pal et al., (2017)
Carp fish scale Crystal-like structure 0.1 Muhammad et al., (2016)
Bovine bone Irregular 20-100 Sun et al.,, (2017)
Bovine Irregular 45 Khoo et al., (2015)
The size of HAp-1 was in the range of b) Transition phase

nanoparticles size and with an inconsistent shape. The
production of HAp from biological sources commonly
exhibited slight inconsistencies in shape and size. This
phenomenon is related to the composition, properties of
the bone and effect of the milling process that
contributed to the shape and size of the HAp particles.
Venkatesan et al., (2015) stated that the morphological
characteristic of HAp extracted from salmon fish bone
was in agglomerated and irregular particles. The finding
of the present study is further supported by Sunil and
Jagannatham (2016). who found that the SEM images of
HAp extracted from roholabio fish bone exhibited large
agglomerated particles. Other researchers (Coelho et
al., (2007); Corréa and Holanda, (2019); Mondal et al.,
(2012); also reported that the SEM images of HAp
nanostructure extracted from fish bone demonstrated
agglomerated and irregular particles. A comparison of
SEM images of this study of the structure of fish bone
HAp with previous studies demonstrated similar
agglomerated and inconsistent HAp particles with
variations in particle size distribution. This finding is also
in a good agreement with the result in Section 3.5, which
demonstrated that the specific surface area ofHAp-1
was higher than the other samples. The correlation of
the size of the particles with the surface area was
inversely proportional. Generally, the surface area of
nanopatrticles (NPs) isrelatively large due to presence of
many reactive areas on the particle structure Christian et
al., (2008). The shape and size of HAp particle is
important to this study due to the primary characteristics
of an abrasive material in toothpaste formulation.

© 2021 Global Journals

Energy Dispersive X-ray Spectroscopy (EDS)
analysis was conducted mainly to confirm the calcium-
to-phosphorus (Ca/P) ratio of raw bone (RB), extracted
hydroxyapatite nanoparticles (HAp-1) and standard
hydroxyapatite (HAp-2) and its elemental composition.
The Ca/P ratio determination is compulsory data for
supporting the transition phase for the formation of
hydroxyapatite (HAp). There are several types of
calcium phosphate-based materials such as HAp, beta-
tricalcium phosphate (B-TCP), tetratricalcium phosphate
(TTCP) and alpha-tricalcium phosphate (a-TCP). These
materials can be generally distinguished by the Ca/P
molar ratio through EDS analysis.The transition phase of
the materials is inconsistent depending on the source of
extraction and temperature.

c) Elemental composition

The elemental composition of hydroxyapatite
(HAp) is an important analysis to determine the major
and other possible minor elements. Figure 2 shows the
elemental contents of RB, extracted HAp-1 and HAp-2.
The elemental composition of RB and HAp-1 contained
abundant of elements compared to HAp-2.



Percentage of element (%)

HAp-1

HAp-2

Sample

Figure 2: Comparison of percentage of elements of RB, HAp-1 and HAp-2

*Values are given as mean = SD for triplicate determinations.
*Values with the same superscript letters were not significantly different (p<0.05).
RB: Raw bone; HAp-1: Extracted hydroxyapatite nanoparticles;

HAp-2: Standard hydroxyapatite

This phenomenon could be owing to the
inheritance of mineral partly from the bone, which
contains high amount of calcium and other trace
elements such as aluminium (Al), sodium (Na), silicon
(Si), chlorine (Cl) and potassium (K). HAp-2 contained
fewer trace elements compared to RB and HAp-1 due to
the chemically synthesized process which lacked of
trace elements. This finding is further supported by
another similar finding by Giraldo-Betancur et al., (2013)
who demonstrated that the HAp possessed a high
amount of other trace element and minerals that
originated from the bone compared to the chemically
synthesized HAp.

d) Calcium to phosphorus ratio

Based on the chemical formula of the
hydroxyapatite (HAp), the theoretical stoichiometric
calcium-to-phosphorus (Ca/P) ratio was 1.67 (Michael,
et al., 2016). Figure 3 shows the Ca/P ratio of raw bone
(RB), extracted hydroxyapatite nanoparticles (HAp-1)
and standard hydroxyapatite (HAp-2). The Ca/P ratio of
HAp is a vital characteristic which confirms the purity of
the extracted HAp. It is related to the ionic interchange
of HAp structure and other minor calcium phases,
including calcium oxide, calcium carbonate and calcium
hydroxide Giraldo-Betancur et al., (2013). The result
showed that the Ca/P ratio of RB, HAp-1 and HAp-2

were 3.18, 1.64 and 1.64, respectively. The Ca/P ratio of
RB had a slightly higher value compared to HAp-1 and
HAp-2. This phenomenon could be due to the non-
stoichiometric ratio and variation of the element in the
raw bone which influenced the ratio. The Ca/P ratio of
HAp-1 and HAp-2 exhibited a lower value than the
theoretical stoichiometric ratio of HAp.
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Figure 3: Comparison of Ca/P ratio of RB, HAp-1 and HAp-2 for the confirmation of HAp.

*Values are given as mean = SD for triplicate determinations.
*Values with the same superscript letters were not significantly different (p<0.05).
RB: Raw bone; HAp-1: Extracted hydroxyapatite nanoparticles;

HAp-2: Standard hydroxyapatite; HAp: Hydroxyapatite

However, it is an acceptable range for the HAp
stoichiometric molar ratio, which ranged from 1.56 to
1.86 (Barakat et al., 2009). This finding is further
supported by Michael, et al., (2016). who stated that the
extracted HAp at different conditions showed high Ca/P
ratios which were 1.74, 1.81 and 1.87. The Ca/P ratio of
HAp-1 in the present study is in a good agreement with
those previously stated in Section 4.6.1 which
demonstrated a high percentage composition of
calcium (Ca) and phosphorus (P). The percentage
composition of these elements varied depending on the
source of extraction and temperature, thus determining
the transition phase of the calcium phosphate-based
material. The finding on Ca/P ratio (1.64) of HAp-1
indicated that the ratio was in the range of non-
stoichiometric ratio for the formation of HAp. Therefore,
the result indicated that the extracted HAp-1 was in the
transition phase for non-stoichiometric HAp through the
Ca/P molar ratio determination.

e) Pore parameters and specific surface area

Nitrogen (N,) adsorption and desorption
analysis were carried out to analyze the pore parameter
and specific surface area of raw bone (RB), extracted
hydroxyapatite nanoparticles (HAp-1) and standard
hydroxyapatite (HAp-2) based on the Brunauer-Emmett-
Teller (BET) theorem. The pore parameters and the
specific surface area of the samples were evaluated
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from the adsorption-desorption branch of N, isotherm
(Figure 4) according to the Barrett-Joyner—Halenda
(BJH) model.
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Figure 4: Comparison of N, adsorption-desorption isotherms of RB (a), HAp-1 (b) and HAp-2 (c) for the
determination of pore structure of HAp NPs.

RB: Raw bone; HAp-1: Extracted hydroxyapatite nanoparticles;

HAp-2: Standard hydroxyapatite

The result demonstrated that all samples were
identified as type | N, isotherms based on the
International Union of Pure and Applied Chemistry
(IUPAC) classification(lUPAC). However, extracted
hydroxyapatite nanoparticles (HAp-1) demonstrated
higher hysteresis loops at P/Po > 0.8 due to their higher
surface area compared to standard hydroxyapatite
(HAp-2) and raw bone (RB). This phenomenon is closely
related to the adsorption of N,in the pore structure of the
particles which determined the pore characteristics. The
differences in adsorption isotherms might due to the
different pore volume, specific surface area and pore
size of the particles.

The shape of the RB, HAp-1 and HAp-2
corresponded to the type | heterosis loop which
appeared to be a long hexagonal pore structure. This
finding is in alignment with the basic hexagonal shape of
hydroxyapatite (HAp) crystal which was made up of
calcium (Ca), phosphorus (P), oxygen (O) and hydrogen
(H) atoms as shown by Figure 6. The arrangement of
HAp crystal is usually in polycrystalline form which is
slightly spaced between the crystals. The HAp obtained
from biological sources commonly possesses
polycrystalline crystals which differ depending on the
source of HAp. The shape of HAp particles obtained

from biological sources is usually irregularly shaped due
to the simple form of extraction. In contrast, HAp
obtained from synthetic sources has a fixed shape and
the arrangement of the crystal is commonly crystalline.
However, these synthetic sources usually require a
higher cost, time-consuming and more complicated
compared to biological sources. The differences in
adsorption isotherms might due to the different specific
surface area, pore volume and pore size of the particles.
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The shape of the RB, HAp-1 and HAp-2 crystal which made up of calcium (Ca), phosphorus (P),
corresponded to the type 1 heterosis loop which appear Oxygen (O) and Hydrogen (H) atoms as shown by
to be a long hexagonal pore structure. This finding was  Figure 6.
in alignment with the basic hexagonal shape of HAp

.Calcium
@ Phosphorus

® Cxyosn

Figure 6. Crystal structure of HAp that composed of calcium (C), phosphorus (P) and Oxygen (O) atoms

The crystal shaped structure of the sample The crystal pore structure of the HAp demonstrated a
played a crucial role that influenced the N, adsorption  long hexagonal rod-like shape.
which then was reflected on the pore characteristics.
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The pore size and pore volume of the samples
were acquired from the Barrett-Joyner-Helenda (BJH)
method while the surface area was determined by the
Brunauer-Emmett-Teller (BET) method. Figure 7
presents the pore parameters and BET surface area of
the samples. The pore volume of raw bone (RB),
extracted hydroxyapatite nanoparticles (HAp-1) and
standard hydroxyapatite (HAp-2) were 0.0017, 0.1179
and 0.0101cmd/g, respectively.HAp-1 demonstrated
higher pore volume compared to the RB and HAp. The
specific surface area of RB, HAp-1 and HAp-2 were

2.27, 22.07 and 1.90m2/g, respectively.HAp-1 exhibited
a higher surface area compared to RB and HAp-2.This
phenomenon might be due to the formation of the
nanostructure of HAp that contributed to the greater size
of the specific surface area.This phenomenon correlated
with the different size of particles which influences the
properties of the HAp particle. The formation of HAp-1
nanostructure has dramatically altered the performance
and features of the particle. The pore size of RB, HAp-1
and HAp-2 were 0.0129, 0.0235 and 0.0489 um,
respectively.
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Figure 7: Comparison of pore parameters and BET surface area of RB, HAp-1 and HAp-2

RB: Raw bone; HAp-1: Extracted hydroxyapatite nanoparticles;

HAp-2: Standard hydroxyapatite

All of the samples showed a predominantly
mesoporous pore structure.The pore structure of a
sample can be classified into micropore (0.1 to 1 nm),
mesopore (1 to 10 nm) and macropore (10 to 1000
um).The specific surface area and pore volume of HAp-
1 were increased with the decreasing of the particle
size.This phenomenon may be due to the smaller
particle size that contributed to the greater exposure of
the atoms which led to the abundant formation of
reactive sites (Cui et al.,, 2016). The present finding is
further supported by Zanotto et al., (2012) who found
that the specific surface area of HAp is inversely
proportional with the temperature and particle size. This
finding is also in good alignment with those previously
stated in Section 3.1 which demonstrated the
nanoparticle size of HAp-1. Therefore, it is indicated that
the size of the particle was inversely proportional to the

specific surface area. Figure 8 shows a possible
mechanism of the nitrogen (N,) adsorption through the
pore structure of the HAp crystal.
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Figure 8: Mechanism of nitrogen (N,) gases sorption into the pore of HAp crystal through physiosorption and
chemisorption

HAp: Hydroxyapatite; N,: Nitrogen

The adsorption of gas molecules into the pore
structure of HAp can be illustrated by the binding of the
free N, gas molecules into the pore surface of the HAp
through physiosorption and chemisorption mechanisms.
The absorbed gas molecules formed a monolayer at the
first phase before forming a multilayer of the molecule.
The physiosorption occurred at this stage due to the van
der Waals attraction which is usually used for the pore
parameters determination. The adsorption of the gas is
generally dependent on the time, pressure, surface
energy distribution and surface area. The gas may
undergo chemisorption at a later phase due to the
chemical bonding attraction which may be contributed
by the activation energy.

[V. CONCLUSION

The extracted nano-hydroxyapatite (nano-HAp)
extracted from spotted sardinella (Amblygaster sirm)
bone can be an alternative to the synthetic
hydroxyapatite (HAp). This is because theHAp extracted
from Amblygaster sirm bonedemonstrated high yield
(55.06%) at optimum calcination temperature
(700°C).Morphological  structure of nano-HAp was
observed to exhibit a spherical-like shape with particle
size distribution range from 95 to 100nm. The size of
nano-HAp is an important factor that can influence its
properties, performance and compatibility to be used in

© 2021 Global Journals

certain application. The particle size of nano-HAp can
also be adjusted by the calcination temperature and
effects of milling. Calcium to phosphorus (Ca/P) ratio of
nano-HAp was close to theoretical stoichiometricand
standard HAp ratio. It also demonstrated higher specific
surface area and pore volume which were 22.07 m?/g
and 0.1179 cmd/g, respectively. The increased on the
specific surface area of nano-HAp has potential for
efficient absorption mechanism and interchange of ion.
The properties of nano-HAp are the important features
to be used for removal of unwanted ions, bacteria and
acidic medium in the teeth. This biological source of
HAp is more preferable due to less toxic, low-cost,
incomplicated and time-saving for the prodction
process. These findings suggested that the extracted
nano-HAp can be potentially commerciallized andused
for various purposes ofapplications.
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