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Background: The globe currently faces two major issues: a deficit of new
resources and an excessive amount of trash creation. To solve these issues,
the extra waste might be used as a supply in the manufacturing process. The
industrial sector is focusing on this kind of waste reclamation.

Aim: To prepare natural fish bone based bioactive material, natural fish bones
are considered potential options for artificial bone due to their high
bioactivity and biocompatibility.

Methods: To synthesize a composite material, natural fish bones were used
from sources of raw materials. The X-ray diffraction, Fourier-transform
infrared spectroscopy, and electron dispersive X-ray analysis were used to
assess the synthetic material.

Results: The results showed that phosphate and calcium were presented in
the synthesized powder. The average particle size of the calcined fish bone
was 300 -500 nm.

Conclusion: Because of their possible biological and mechanical properties,
materials made from waste natural resource materials might be appropriate
for use as fillers for different dental implants.
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Introduction

Water, type [ collagen, carbonated
hydroxyapatite, and non-collagenous proteins
make up the hierarchical structure of bone.
Typically, the amount of minerals of bone tissue
varies based on type and the mineral content
ranges from 50 to 74 weight percent [1]. The
common carp species are among the important
fishes cultured in many parts of the world [2].
Their cultivation dates back to the 5t century B.C.
in China, and it eventually spread to the other
continents [3]. It is characterized by its resistance
to adverse environmental conditions, such as a
wide heat range and the ability to endure a 4.5
mg/] fall in oxygen levels [4]. They can survive in
a variety of fresh and brackish-water conditions.
For many years, carp production has been the
principal aquaculture production in many
countries in Asia, Africa, Europe, and Latin
America, accounting for the greatest quantitative
sector of worldwide fish farming [5].

Humans eat fish because of the nutrients and
vitamins it contains. The fish-bone wastes are not
utilized for any purpose. The environmental
issues such as organic odor have been generated
by fish-bone waste. Calcium phosphate, collagen
fiber, calcium carbonate, and hydroxyapatite are
the primary constituents of fish bones. As a
result, employing natural calcium sources like
fish bones to produce hydroxyapatite may be a
viable option [6].

Natural hydroxyapatite has been synthesized
from Brazilian river fish bones such as pintado
(Pseudo platystomacorruscans), ja
(Paulicealutkeni), and cachar
(Pseudoplatystomafasciatum) [7]. The duration
of the process, the fish bone was calcined at 900
°C to achieve an ideal natural hydroxyapatite, fish
bone has a low production cost, inexpensive [8],
and has the potential to be a calcium donor.

Poly (methylmethacrylate) (PMMA) bone cement,
calcium phosphate cement (CPC), and glass-based
bone cement (GBC) are some of the most
common methods used in the bone treatment
procedure.

As a result, hydroxyapatite was considered to
have critical importance in bone therapy over the
traditional approach [9]. Hydroxyapatite (HA) is

a substance that can be found naturally in
humans either from bone or teeth, with calcium
and phosphorus being the primary elements [10].
If the ratio is closer to 1.67, HAP is more stable
and that the bioactivity is inversely correlated
with the ratio. The degree of crystallinity
influences the reactivity [11]. The structure of
hydroxyapatite (Cal°(P04)6(0OH);)
often comparable to that of composites made of
natural minerals [12].

Hydroxyapatite is formed by the
precipitation of calcium and phosphate ions from
either the bone or the direct precipitation of
calcium and phosphate ions.
hydroxyapatites have a higher metabolic activity
and a more dynamic reactivity to the
environment than synthesized hydroxyapatites
[13]. The issues with hydroxyapatite powder
created by synthetic technique include the
necessity for additional chemicals to boost
mechanical strength and various chemicals used
in the process to stabilize the structures and keep
them in place in the human body. To generate HA,
this procedure is highly difficult and requires a
large starting cost. Furthermore, the natural HA is
less expensive and less difficult than the synthetic
HA. Furthermore, this technique is
consuming and difficult to control the generated
hydroxyapatite sample [14].

The dispersion state, geometrical shape, surface
quality of the filler particles, and the particle size,
all affect the properties of filled polymers. The
extender fillers simply increase the bulk capacity
and the production price,
reinforcing fillers the mechanical
qualities particularly the tensile strength, in
addition to add the bulk [15]. Every year, the
plastic industry uses several million metric tons
of extender fillers and reinforcement fillers [16].
With the introduction of enhanced compounding
agents that allow the use of increased amount of
filler content, the usage of these addictive's in
plastics is likely to increase [17]. It has been
predicted that fillers of up to 75 parts per

in bone is

direct

Natural-source

time-

lower whereas

improve

hundred (pph) could be incorporated that would
lead to a decrease the use of petroleum-based
plastics. With increasing the volume fraction,
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filler particles form aggregates or agglomerates,
which is dependent on their surface.

The derived calcined natural fish bone (NFB)
powder can be applied in various medicinal and
industrial settings, thereby increasing the
economic worth of Cyprinus carpio L. fish bone. In
this study, we utilized Cyprinus carpio L. fish bone
from a fresh marine to prepare bone powder and
performed its physiochemical characterization.

Materials and Methods

Preparation of bio-waste materials

NFB was boiled in distilled water for 1 hour and
rinsed with a high-pressure water jet to get rid of
all the organic and protein debris. The untreated
waste was then crushed and ground into
powders with a mortar and pestle before being
dried for an entire night at 40 °C in the oven.
These dried powders were further broken down
in a planetary mill (SFM-1(QM-3SP2)) fitted with
alumina balls of various sizes at a speed of 4,000
rpm for four hours, and the powder was mesh
sieve through a 100 mm sieve.

Calcination process

About 10 g of sieved bone powders was placed on
an open alumina-based crucible throughout the
calcination process. These samples were at the
rate of 10 °C/min before allowing them to
gradually cool till the room temperature in a
furnace. Because it is inexpensive and simple, the
calcination process is considered an intelligent
way to generate hydroxyapatite powder.

Characterization of natural bio-waste materials
Fourier transform infrared spectroscopy (FT-IR)

A mixture of 1-2 mg fish bone powder and 200
mg spectroscopic grade potassium bromide was
used. Spectra from the 400 cm! to 4000 cm-
areas were registered by using an ASHIMADZO

(Japan).

X-Ray diffraction

The crystalline structure and phase composition
of the wuncalculated raw powders were
determined by using XRD (XRD-6000,
SHIMADZU). CuKa radiation (k = 0.154056 nm)
was employed, with a voltage of 40 kV and a
current of 30 mA, and data was stored over a
period of two hours, from 10 to 50 [18].

Scanning electron microscopo’y

The NBF microstructure was examined by using a
scanning electron microscope (SEM-FEIQuanta
model, the Netherlands) at a voltage of 12.5 kV
before and after the calcination procedure. The
chemical compositions of the raw powders before

and after the calcination process were
determined by using energy dispersive
spectroscopy (EDS).

Results and Discussion

The calcined NFB powder is used to breakdown
organic molecules at high temperatures. The
calcination process was carried out at various
temperatures of 400, 500, 700, and 900 °C for 2
hours (Figure 1).

Figure 1: The calcined NFB at various temperatures; a) 400 °C, b) 500 °C, ¢) 700 °C and d) 900 °C
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In Figure 1, the result showed that a black
powder produced at a temperature of 400 °C.
When the temperature was raised to 500 °C, the
color changed to dark grey, and 700 °C, the color
changed to light grey [19]. A white powder was
obtained at 900 °C. This white powder showed
that the calcination procedure has removed the
organic components from NFB [20].

Fourier transform infrared spectroscopic analysis

The purpose of this test intended to obtain the
accurate information references on the sources of
vibration of the phosphate, carbonate, and amide
groups. Figure 2 displays various temperatures of
the FT-IR spectrum of NBF. A single distinctive
peak of HA was seen in the FT-IR spectra of NBF
powder calcined between 400 °C and 900 °C,
which is consistent with previously published
data [21-23]. The spectra 600, 632, 872, 961, 961,
1026, 1078, 1411, 1455, 2035, 2156 cm'}, and a
wide band detected between 3200-3500 cm'!

and are in close accord with the HA reference
spectrum [24]. At lower temperatures (400 °C),
phosphate (P043) group peak at 1088 cm-! was
absent and only arose at temperatures over 700
°C. This might be owing to the raw NBF being
purified from of all the organic content.

A crucial quality of calcined NBF is thermal
stability. The greater temperatures may cause
calcium phosphate to develop in the bovine bone,
demonstrating that the synthesized bone is not
thermally stable. On the other hand, calcination-
related phase transformations were not seen in
this investigation, even at high temperatures
(500 °C to 900 °C). The peaks between 1025 and
1087 cm! and 961 cm-! are then assigned to POs.
Moreover, due to the existence of the hydroxyl
group, all of the FT-IR spectrum samples showed
a peak at 633 cm! and a wide peak at 3200-3500
cml. The spectra of calcined NFB shows the
significant peaks at 1412 and 1456 cm-!, which
are due to COs.

Tranmivcnoe (%)
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Figure 2: The FTIR spectra of calcined NFB a) Raw NFB, b) 500 °C, ¢) 700 °C, and d) 900 °C
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X-Ray diffraction analysis of cyprinus carpio L. Fish
Bone

The finding of X-Ray diffraction analysis indicated
the phase and clarity of calcined NFB crystals.
The XRD pattern of raw NFB and processed bone
at different temperatures are both indicated in
Figure 3. The current XRD data indicate that
when calcined in air up to 900 °C, the stability in
the bone matrix was not compromised, because
the HA chemical makeup was not found to be
altered and the pure HA was detected. The NFB
powder crystalline structure when calcined
between 700 and 900 °C was compared with that
of the structure HA (JCPDS-09-0432/1996).
Typically, the peak's intensity rises with the
increase in temperature, but its width decrease
[25]. This finding indicated that HA obtained at
various temperatures in the current study has
striking similarity to the standard HA in terms of
purity and stability. At 900 °C, it was concluded
that the relative intensity of calcined bone was
exactly the same as conventional HA's. However,
dehydroxylation of the HA phase would result in
a little peak displacement in the XRD trace,
according to Wang and Chaki.

Field emission-scanning electron

analysis

microscope

The surface shape and crystal size of the calcined
NFB powder were investigated by using FE-SEM
[26]. The FE-SEM images of raw and calcined NFB
powder at different temperatures are depicted in
Figure 4a, b, ¢, and d, respectively. Fine particles
with a crystalline size of 5-10 nm, 10-15 nm in
width, and more than a few micrometers in
length made up the microcrystal of calcined NFB
[27, 28]. Due to the presence of organic materials,
the microstructures of raw NFB
clustered, illustrated in Figure 4a. The
development of nanoparticles in the treated NFB
at 500 °C with crystal sizes ranging from 80 to
300 nm was clearly seen in Figure 4b. The
structure of the treated bone was observed in
Figure 4c and d as the temperature is raised from
700 °C to 900 °C. NFB was sintered at 700 °C and
900 °C, and the crystal sizes comprised 0.3-1.0 m
and 0.5-2.0 m, respectively. It was theorized that
the crystal size rises with temperature based on
the surface shape. The higher temperatures had a
tendency to cause crystallization and the
particles agglomeration [29-32].
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Figure 3: The XRD results of calcined NFB at different temperatures; a) Raw NFB b) 500 °C, c) 700 °C, and d) 900
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Figure 4: Calcined NFB powder were studied under FE-SEM at various temperatures; a) 400 °C, b) 500 °C, c) 700
°C, and d) 900 °C

Figure 5: The EDX results at different temperatures; a) 500 °C, b) 700 °C, and c) 900 °C

Electron dispersive X-ray analysis

Figure 5a, b, and c displays the elemental analysis
at 500 °C, 700 °C, and 900 °C, respectively. The
ratio for treated NFB was calculated as 2.04, 1.94,
and 1.99, respectively, to the temperatures. These
findings are in contrast with the previous
literature. It may be assumed that the Ca/P
weight ratio is independent of the calcination
temperature since a various temperatures, there
was no noticeable difference in the Ca/P weight
ratio of the calcined bone [33].

Conclusion

Recently, there has been a lot of interest in the
development of novel composites derived from
biological waste and byproducts. The amorphous
nature of the material was confirmed by the lack
of significant peaks in the XRD pattern. The
calcined bone successfully
synthesized from NFB within the parameters of
the current experiment by using a basic
calcination treatment. The potential biological
and mechanical properties were assessed by
using the FT-IR, XRD, and EDX characterization of
the chemical, physical, and morphological
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properties of the calcined NFB formulation,
warrants its use as a filler for different implants.
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