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ABSTRACT

Hydroxyapatite (HAP) is a very essential biomaterial used in orthopedics and dentistry to support
bone healing processes as it shares chemical similarities with natural human and animal bones.
Extraction of hydroxyapatite has been done both synthetically and naturally from animal bones.
However, extraction of HAP from natural sources is challenged by the appropriate choice of
processing parameters such as holding time and temperature that will enable the production of
hydroxyapatite that meets the standard. This work investigated the influence of varying holding
time on the physico-chemical properties of HAP obtained from goat bone (GB) waste by heat
treatment. GB femur was obtained; washed; dried; pulverized and sieved to obtain GB powder of
< 500 um that was calcined at 900°C and 1000°C and soaked for 1hr., 2 hrs. and 3 hrs. The
composition, structure and morphology of the uncalcined and calcined powders were studied using
Fourier Transform Infra-Red Spectroscopy (FTIR), X-ray diffractometry (XRD) and scanning
electron microscopy (SEM), respectively. The FITR result confirmed presence of associated
functional groups consisting of phosphate ions (PO4*"), hydroxyl ions (OH ™) and carbonate (CO3*
) ions in the synthesized HAP, but the phosphate ions (PO4*~) were most prominent. XRD analysis
revealed similar crystallographic peaks of pure HAP. Increase in holding time led to decrease in
crystallinity. SEM analysis revealed changes in the morphology of the samples with increase in
holding time and temperature due to decomposition of organic compounds in calcined GB. The
surface morphologies became finer with increase in holding time. Thus, holding time is an
important parameter in extraction of HAP from goat bone waste.

Keywords: Extraction, holding time, hydroxyapatite, goat bone, biomedical applications

1.0 Introduction

Hydroxyapatite (HAP) is the most widely
used calcium phosphate in biomedical
applications due to its  excellent
biocompatibility  and similarity  in
composition and structure to human bone and
teeth [1-3]. Besides sharing similar
composition to human bones, HAP has been
found to be very bioactive and stable in

supporting bone and teeth healing processes
[4-8]. It is also used extensively for drug
delivery and coating of implants [9, 10].

The importance of HAP in biomedical
applications has led toits production, both
synthetically and naturally from animal
bones. Extraction of hydroxyapatite from
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natural sources is preferred because natural
HAP has essential trace elements found in the
bones such as Sodium, Magnesium,
Aluminium, Iron and minerals like
carbonates that are beneficial for bone
growth and supporting biological functions
[1, 11, 12]. More so, extraction of HAP from
natural sources is less expensive as staring
materials are readily available.

Thus, the increased interest in synthesizing
HAP from natural waste or biological sources
that possess not only inherent inorganic
minerals and important trace elements, but is
environmentally friendly and economical. A
good number of researchers has worked and
are still working on synthesizing HAP from
natural sources. The natural sources that are
being investigated include bovine bones [13-
17], chicken (galline) bones [10], fish bones
[18,19], porcine bones [12,20], eggshells
[21,22] and seashells [23,24]. Several
methods have been used in preparing HAP
from the above-mentioned animal sources.
One popular technique used in obtaining
HAP from natural sources is calcination and
sintering [7, 10, 14, 25, 26]. Since
calcination involves heating natural bone
powders to high temperatures for certain time
durations, calcination temperature and
holding time are important parameters on
evolution of HAP from natural bone
powders. These parameters impact properties
of HAP consequently [10].

Some authors who specifically evaluated
goat (caprine) bones include [1, 10, 27-30],
Ismail SA and Abdullah HZ [1], studied the
evolution of HAP by subjecting goat bone
samples to calcination process at 900°C,
1000°C, and 1100°C at a constant holding
time of 3 hrs. Ramesh et al [27] studied HAP
evolution from cow, goat and chicken
(galline) bones through calcination at 600-
1000°C at a fixed holding time of 2 hrs. and
compared the characteristics of the evolved
HAP. Akhlis Rahman Sari Nurhidayat, et al
[10] reviewed the effect of calcination
temperature and holding time to isolate the

effects of temperature and holding time on
hydroxyapatite fabricated from the natural
sources. They suggested that since the effect
of temperature and holding time determines
the yield of Ca/P ratio, there was the need to
choose the appropriate temperature and
holding time which will enable the
production of hydroxyapatite with Ca/P ratio
that meets the standard. The section of this
review that considered goat bone focused on
bone calcined in the range of 900-1300°C for
a fixed holding time of 2 hrs. Barua et al[28]
studied the extraction and physico-chemical
properties of bioactive hydroxyapatite (HA)
from goat bone waste by calcination at 700-
1300°C with holding time of 2 hrs. They
compared the change in properties of the
calcined bone specimens with the raw bones.
Bui Xuan Vuong [29] studied the extraction
and characteristics of hydroxyapatite (HA)
material from goat bone heat-treated at
750°C for 6 hours. Lin Linet al [30], calcined
goat bone powder at four different
temperatures of 800°C, 900°C, 1000°C and
1100°C in a muffle furnace for 3 hrs. The
results indicated that percentage crystallinity
and crystal size increased with increase in
temperature; only a single phase of HAP was
identified in XRD pattern at each treatment
temperature, which eliminated organic
compounds and collagen.

Considering that the above workers
investigated the evolution of HAP from goat
bone at varying calcination temperatures at
constant holding times, this work focused on
effects of variation of holding time at two
constant calcination temperatures on the
evolution of HAP from caprine bone. The
results of this work will provide the data for
optimization of these two parameters that
have determining effects on the evolution of
HAP by calcination process. Moreso, waste
bones of goat are highly available in Nigeria.
The worldwide bone waste generation stands
at 130 billion kilograms per annum [31].
Nigeria produces more than 8% of this 130
billion kg of animal bone residue produced
by slaughterhouses globally every year [32,
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33, 34]. Also in Nigeria, out of an estimated
total livestock production which stands at
52.4 x 10°, goats constitute about 26.5 x 10°
[35].

2.0 Materials and Methods
2.1a Materials

The materials used for the preparation of
hydroxyapatite are goat bone femur, which
was sourced from an abattoir at Ogige
market, Nsukka, Nigeria; distilled water for
washing and cleaning the bones and acetone
for de-fatting the cleaned bones.

2.1b Equipment

The equipment used were pestle and mortar
or crushing the goat bone into small pieces;
grinding machine for pulverizing the bones
into smaller particles; a sieve for separating
the particles into particle sizes < 500 ym and
a muffle furnace for heat treatment of the
bone powder. Other equipment was Fourier-
transform infrared spectrometer (FTIR) for
determining the functional groups, scanning
electron microscope (SEM) for viewing the
morphology and X-ray diffractometer for
ascertaining  the  structure of the
uncalcinedand calcined goat bone powders,
respectively.

2.2 Methods

2.2.1 Preparation of goat bone powder and
physico-chemical characterization

The sourced goat bones were boiled in water
for 1 hr. to enable easy defatting and removal
of impurities. This was followed by washing
and rinsing of the bones several times in
water in order to remove meat, tendons, bone
marrows and soft tissues. The washed goat
bones were soaked in acetone for 2 hrs.; and
washed again with distilled water many times
to remove invisible fat. The bones were then
sun dried for 4 weeks to evaporate adsorbed

moisture and further dried in an oven at
105°C for 1 hour to remove absorbed water.
The dried bones were ground using a milling
machine and sieved to obtain particles sizes <
500 pm.

One hundred and fifty grams each of the
sieved goat bone powder was measured out
for calcination. In order to reduce oxidation,
the measured powder was placed separately
in a small ceramic container with a lid sealed
with clay material. The sealed ceramic
containers were placed in a muffle furnace
and heated at the rate of 10°C per min to
900°C, 1000°C, and held at three different
holding times of 1hr, 2hrs and 3 hrs. for each
sample. The calcined samples were then
cooled slowly to room temperature, followed
by evaluation of the physico-chemical
properties.

The functional groups in the uncalcined and
calcined goat bone powder samples were
determined using Fourier-transform infrared
spectroscopy (FTIR) with Cary 630 FTIR
Spectrometer (Agilent Technologies, Inc.).
The FTIR spectra were obtained using this
spectrometer in the attenuated total reflection
(ATR) mode. The spectra were registered in
the 4000-650 cm™ region using 64 scans and
a spectral resolution of 16 cm™. The
morphology of the uncalcined and calcined
goat bone powder was viewed with a
scanning electron microscope (SEM). SEM
observations were carried out in a JSM 5900
Scanning Electron Microscope (JEOL,
Japan) operating at 15 kV. The
structure/phases of both the uncalcined and
calcined goat bone powder samples were
ascertained using a Siemens D5000 X-ray
diffractometer, operated using Cu-Ka
radiation (k = 0.15406 nm) at an accelerating
voltage of 40 kV and a current of 30 mA. The
scan rate was 0.05°s* in the range of 20-120°
at a step size of 0.02°. The degree of
crystallinity ((X.)) was calculated using
equation (1) used by Rana et al[36] in their
work.
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X, (%) = 1 — 120 1)
I300

where;

I 12300 - intensity of the valley (hollow part)

between peaks (112) and (300);

1300 —intensity of the peak (300).
3.0 Results and Discussion
3.1 FTIR spectra of goat bone samples

Fourier Transform Infra-Red Spectroscopy
(FTIR)was performed to identify the
functional groups present in the as-sieved GB
sample and GB powders calcined at 900°C
and 1000°C using varying holding times of 1
hr., 2 hrs., and 3 hrs., to enable comparison
with standard HAP. Figures 1Aand1B show
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the spectra absorption ranges (4000-650 cm”
1) of the calcined goat bone powders
compared to the uncalcined one. The most
prominent functional group in the calcined
goat bone as can be seen in Figure 1A and 1B
is the phosphate group (PO4%). This had also
been observed by [37, 38] and this could be
attributed to the elimination of the cross-
linked structure in the raw goat bone due to
the calcination process at high temperatures
[4]. The phosphate absorption band are
observed at wavenumbers 1416.4 cm?,
1013.6 cm™ and 872.2 cm™. Phosphate is
very essential for the formation of bone and
teeth because the formation of bone and teeth
requires phosphate to calcify the osteoid
produced by osteoblasts [39].
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Figure 1A. FTIR spectra of the raw goat bone and goat bone samples calcined at 900°C for
holding times of 1-3 hours. Figure 1B. FTIR spectra of the raw goat bone and goat bone samples

calcined at 1000°C for holding times of 1-3 hours.

In addition, spectral bands of CO3% and OH-
were also observed, which could be
explained by CO> and water vapour
absorption during sample storage since the
samples were calcined at higher temperatures
and it was expected all organic matter must
have been expelled at these temperatures.
The intensity of the band formation of the
goat bone powder calcined at 1000°C was

higher than those calcined at 900°C for the
same time duration and increased with
increase in holding time. The sample calcined
at 1000C for 3 hrs. had the highest intensity
of the phosphate group.
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3.2  Crystallographic  analysis  of
uncalcined and calcined goat bone samples

The X-ray diffractograms of the uncalcined
and calcined goat bone powders at 900°C for
1, 2, 3 hrs. and at 1000°C for 1, 2, 3 hrs. in
comparison with standard HAP
diffractogram is shown in Figures 2a and 2b,
respectively. The results show that the
diffractograms of the calcined goat bone at
different temperatures and similar holding
times are in good agreement with the
characteristic peaks of pure hydroxyapatite
(JCPDS no. 09-0432). There were no new
peaks formed and calcined samples have
similar crystallographic planes obtainable in
pure  Hydroxyapatite. The identified
characteristic crystallographic planes
corresponding to pure HAP from Figures 2a
and 2b include (002), (210), (211), (112),
(310), (222), (213) and (004), but the most
intense is the (211) plane.

It could be observed in Figures 2a and 2b that
the uncalcined sample displayed an

o
-]

Intensity (a.u)

amorphous phase with a low intensity and a
broader peak. This could be attributed to the
significant presence of organic matter such as
collagen in the uncalcined bone powder.
However, the amorphous phase disappeared
at the calcination temperatures of 900°C and
1000°C, indicating a complete removal of
organic matter present in the bone matrix at
these temperatures. This conforms with the
works of Blanco et al. [40] and Ojo et al. [41],
which indicated that animal bone calcined at
high temperatures (> 700°C) displays intense
and sharp peaks, proving crystallinity and
complete removal of organic matter.

It has been established that the degree of
crystallinity increases with increase in
temperature [38]. The goat bone samples
calcined at 1000°C were more crystalline
than those calcined at 900°C. However, the
degree of crystallinity decreased with
increase in the holding time as can be seen in
Table 1.
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Figure 2a. Diffractograms of the GB samples compared with standard Hydroxyapatite (JCPDS:
00-009-0432): (a) = uncalcined GB sample; (b) = GB calcined at 900°C for 1 hr.; (c) = GB
calcined at 900°C for 2 hrs.; (d) = GB calcined at 900°C for 3 hrs.
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Figure 2b. Diffractograms of the GB samples compared with standard Hydroxyapatite (JCPDS:
00-009-0432): (e) = uncalcined GB sample; (f) = GB calcined at 1000°C for 1 hr.; (g) = GB
calcined at 1000°C for 2 hrs.; (h) = GB calcined at 1000°C for 3 hrs.

Table 1. Degree of crystallinity of GB
samples calcined at 900°C and 1000°C at
various sintering duration

Temperature/holding Degree of
time crystallinity
(%)
900°C/1 hr. 88.6
900°C/2 hrs. 85.9
900°C/3 hrs. 78.2
1000°C/1 hr. 90.6
1000°C/2 hrs. 85.5
1000°C/3 hrs. 82.3
Control/uncalcined CB diffuse

3.3 SEM analysis of the goat bone samples

The surface morphologies of the uncalcined
and calcined GB powder samples obtained
with a scanning electron microscope (SEM)
are shown in Figures 3 (a) and Figure(b). The
surface morphologies varied with an increase
in both holding time and temperature and
became finer with increase in holding
time.The crystallite size, though, not
measured here, appeared to decrease with
increase holding time at each calcination
temperature as can be seen in the SEM
micrographsof  the calcined samples,
suggesting grain refinement with increase in
holding time.
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Figure 3a. Morphology of calcined goat bone powders:(a) = GB calcined at 900°C for 1 hr.; (b) =
GB calcined at 900°C for 2 hrs.; (c) = GB calcined at 900°C for 3 hrs.

Figure 3b. Morphology of calcined goat bone powders (d) = GB calcined at 1000°C for 1 hr.;
(e) = GB calcined at 1000°C for 2 hrs.; (f) = GB calcined at 1000°C for 3 hrs.

4.0 Conclusions

This work investigated the influence of
varying holding time on the physico-
chemical properties of HAP obtained from
goat bone (GB) waste by heat treatment. In
light of the results obtained, the following
conclusions could be drawn:

1. The FTIR spectra indicated the presence
of characteristic vibrational bands of
hydroxyl (OH"), phosphate (PO*), and
carbonate (COs%) groups associated with
hydroxyapatite. However, the most

prominent  functional group was
phosphate (PO4%).

. The XRD results revealed diffraction

patterns that were characteristic peaks of
hydroxyapatite.

. The degree of crystallinity of the

hydroxyapatite decreased with an
increase in holding time.

Based on the SEM results, the surface
morphologies varied with an increase in
both holding time and temperature and
became finer with increase in holding
time, suggesting grain refinement with
increase in sintering duration.
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5.
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This work has established that in
addition to temperature, holding time is
an important parameter in extraction of
HAP from goat bone waste. Holding
time affects the evolution of functional
groups, crystallinity, morphology and
grain size, which are major property

requirements of hydroxyapatite
extracted from animal bones for
biomedical applications.  However,

further work is required to optimize the
effects of both temperature and holding
time to yield the best of combination of
these properties for medical applications.
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