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Fish bones are a rich source of naturally occurring calcium phosphate that can be processed to obtain hydroxyapatite
(HA). HA was produced by the gradual heating and ball milling of pleco bones to 900 °C for 5 hours. HA was characterised
using scanning electron microscopy (SEM), energy dispersive x-ray (EDX), x-ray diffraction (XRD), and Fourier transform
infrared spectroscopy (FTIR) analyses. The SEM images showed HA with different morphologies before and after the gradual
heating and ball milling process. The EDX analysis indicated the ratio of calcium and phosphate with an atomic ratio
of Ca/P of 2.10. The FTIR showed a characteristic wavenumber of the functional groups of HA (OH and PO/).
The HA phase was identified through the XRD analysis. HA obtained from pleco fish bones (Hypostomus plecostomus)
has the potential to be used in bone repair and biomedical applications.

INTRODUCTION

A biomaterial refers to any natural or synthetic
material that can be replaced another organ or structure
in the human body [1]. Biomedical uses of calcium
phosphate (CaP) are attributed to their resemblance
to the mineral constituents found in bone tissue [2].
Nowadays, the preparation of CaP from natural sources
has been intensively studied, including the costs,
the efficiency, and preparation methods. Hydroxyapatite
(HA), which has the chemical formula Ca,(PO,)s(OH),,
constitutes a significant mineral component in the bones
and teeth of vertebrates [3-6].

HA is also a major inorganic component found
in the hard tissues of bones having approximately
60 — 65 % of the mineral phase in human bones.
HA is one of the most important biomaterials possessing
all distinguishing features, such as being bioactive,
biodegradable, non-inflammatory, non-toxic, Dbio-
compatible, osteoconductive, non-immunogenic
and having anti-bacterial = properties  [7-16].
HA has garnered significant attention, especially
in the field of biomedical applications like tissue

engineering [17-20], coating metal implants [21-
-25], a replacement for damaged bones [8, 26, 27] and
as a coating dental implant [28].

The utilisation of HA products challenges
researchers to develop various synthesis methods
capable of providing the material characteristics re-
quired for each application. HA can be extracted from
natural sources, such as bovine bones [29-31], pig bones
[32], fish bones [26, 27, 33-37], cockle shells [38],
and egg shells [39-41]. Cockle shells and egg shells
can be used as a precursor, which are different than fish
bones and pig bones, however, fish bones can be pro-
cessed as HA because there are calcium and phosphate
in the bones.

The HA products are mostly prepared from synthetic
reagent-grade materials through combinations of che-
mical, thermal, and mechanical procedures. Various
typical approaches can be used to obtain HA such
as calcination [10, 20, 42-47], alkaline hydrolysis [48],
hydrothermal methods [39, 49], precipitation methods
[37, 50] and a combination of these techniques [6].

Fish bones are one of the natural sources that
can produce HA. Fish bones constitute a primary waste
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product in fish processing and are often discarded. Some
types of fish used as the raw material for HA production
include barramundi [51], tilapia [14] and carp [36], using
temperatures ranging from 650 — 900 °C. The obtained
Ca/P ratio from barramundi fish bones at 650 °C is 1.848
[51], while the synthesis of HA using tilapia fish bones
at 900 °C results in a Ca/P ratio of 1.66 [14].
The calcination of fish bones is a simple, efficient,
and low-cost method that allows one to obtain good
HA vyields without using precursors in the production
of aggressive residues [14].

The growing research is focused on the utilisation
and development of biological resources, especially
by utilising organic materials for the manufacture
of HA, considering the vast potential of waste proces-
sing that can be processed and produce something
useful. In this research, HA was extracted from a natural
source (fish bone), the simple and cost-effective process
was followed by gradual heating and ball milling
methods.

EXPERIMENTAL

Material

Pleco fish (Hypostomus plecostomus) bones
totalling 20 kg were collected by researchers in June
in the Padang West Sumatera River. Distilled water
was used to boil the fish bones. 99 % acetone was used
to soak the bones. 96 % alcohol was used to clean
the containers or equipment used during the research.

Pre-treatment of the fish bones

The bones were separated from the meat.
The bones were washed with running water. The bones
were boiled in distilled water for 4 hours to remove
the meat and fat attached to the bones [52].
The bones were soaked in acetone for 3 hours to re-
move any lingering proteins fats, oils, and organic
impurities [36]. The bones were washed in distilled
water and dried for 2 days [34].

Ball mill process stage 1 (before the gradual heating)

The fish bones were crushed with a pestle until
they become a coarse powder. After that, the bone
powder was ball milled using a Pulverisette 5 classic line
planetary mill with a jar volume (250 ml) and zirconia
balls with a diameter of 5 mm. The ball-to-powder
ratio was 10:1. The applied rotation speed was 150 rpm
for a duration of 3 hours.

Gradual heating process

Heating was carried out using an IFU Muffle
Furnace. The gradual heating process was carried

out from room temperature to 900 °C for 5 hours with
a heating rate of 5 °C-min™', and then cooled in the fur-
nace until it reached room temperature.

Ball mill process stage 2 (after gradual heating)

The fish bones powder that had been heated
gradually was then carried out with a ball milling process
using the same method as the ball mill process in stage 1.

Characterisation of the fish bone

The characterisation of the fish bone powder
was undertaken using a Hitachi S-3400N scanning
electron microscopy (SEM) to determine the morpho-
logy of the fish bone powder and EDX was used to dete-
rmine the composition of the fish bone powder. X-ray
diffraction (XRD) (PANalytical, Type PW3040/60,
the Netherlands) was used to identify the phase
composition of the fish bone powder. The HA functional
groups were monitored with FTIR. The size distri-
bution of the HA powder was tested using a particle size
analyser (PSA).

RESULTS AND DISCUSSION

SEM and EDX

Based on the SEM results in Figure 1a, the raw fish
bone (RFB) shows that the powder on the fish bones
before the ball mill is still rough and the raw fish bone,
in Figure 1b, with ball mill 1 (RFB BM1) shows that
the powder is smaller than the powder before the ball
mill process stage 1. Figure lc shows the gradual
heating to 900 °C, which was carried out for 5 hours
and produced a much finer powder than before the gra-
dual heating. It can also be seen that the powder, after
this gradual heating, has become small parts unlike
the lumps in figures a and b next, in Figure 1d) 900 °C

a) RFB
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d) 900 °C BM 2

Figure 1. SEM.

ball milling 2 (BM2). The second ball milling process
was carried out after 900 °C gradual heating, the re-
sults showed that the resulting powder was finer than
before the second ball milling process. This shows that
the ball milling process can reduce the powder size. Based
on the SEM and EDX analyses, the calcium-to-

-phosphorus (Ca/P) ratios were determined at various
stages of the process. The initial Ca/P ratio of the raw fish
bones (RFB) was 1.50. After the first ball milling stage,
the ratio increased to 1.84. The subsequent calcination
resulted in a Ca/P ratio of 2.03, which further increased
to 2.10 following the second ball milling stage.

Particle size analyser (PSA)

The results of the PSA measurements showed that
there were significant changes in the particle size before
and after ball milling and gradual heating. The obtained
particle sizes are 611.7 pum, 486.3 um, 162.6 um
and 1.903 um for RFB, RFB BM1, 900 °C, and 900 °C
BM2, respectively.

XRD

The XRD characterisation can be used to identify
the phases formed from the synthesised HA. Based
on the XRD results on the RFB before and after
the ball milling, the HA phase was formed at 20 =26.01°
and 31.95°. The results of the gradual heating 2d
and 2e are in accordance with ICSD standard
no. 154781 which that
apatite phase has been formed. The main peak of HA
is at around 20 = 31°. Figure 2d showed the fish
bone powder heated at 900 °C formed HA phases
at 20 = 25.87°, 28.91°, 31.52°, 32.39°, 32.97°, 34.13°,
39.35°, 46.88°, 49.63°. Figures 2d and 2e do not show
other 2 phases formed as a result of the grinding using
a ball mill.

indicates 2a  hydroxy-
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Figure 2. XRD spectrum of a) ICSD Standard No. 157481,
b) RFB, ¢) RFB BM 1, d) 900 °C, e) 900 °C BM 2.
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Figure 3. FTIR spectra for a) RFB, b) RFB BM 1, ¢) 900 °C,

d) 900 °C BM 2.

FTIR

An FTIR characterisation was carried out
by identifying the functional groups contained
in the fish bone powder. The FTIR spectrum of HA
a) RFB, b) RFB BM 1, ¢) 900 °C, d) 900 °C BM 2
can be seen in the Figure 3. The FTIR spectrum in this
study is in the wavenumber range of 400 — 4000 cm™.

Figures 3a, b, ¢ and d show that there is a stretching
vibration of the P-O bond from PO,* at a wavenumber
around 500 cm™ with sharp peaks and a wavenumber
around 1000 cm™. Based on the FTIR result, the wave-
numbers 1000 — 1100 c¢cm” and 560 — 609 cm
were identified as the phosphate groups [53]. Based
on Figures 3a, b, ¢ and d, there are OH vibrations around
the wavenumber 3700 cm™. The absorption bands with-
in 3700 cm™ are caused by the ion O-H. In the FTIR
spectra, there were no intensive peaks which indicated
that the organic components in the fish bones were lost
during the gradual heating process.

CONCLUSIONS

The methods of gradual heating and ball milling
in this study were used to synthesise HA from fish bones
because the process is simple, the reproducibility is easy
with a low cost, and has environmental advantages.
The HA powder is derived from natural sources that
are readily applicable for bone repair and can be used
for various other biomedical applications.
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