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In this study, hydroxyapatite (HAp) was extracted from catfish bones (CB) and non-separated animal
bones (NB). The bioceramic samples were prepared by a facile synthesis route and the representative
scaffolds were prepared by cold compaction and sintered at 900 °C, 1000 °C and 1100 °C. To evaluate
the properties of the produced HAp, X-ray diffraction (XRD) and Fourier Transform Spectroscopy (FT-
IR) analyses were carried out. The evaluation of the hardness of the representative bio-derived scaffolds
was experimentally conducted while the fracture toughness and brittleness index were obtained by cal-
culation using the hardness test parameters. The experimental data showed that as temperature
increased up to 1000 °C for CB, there was a consequential increase in hardness, while for NB, hardness
values reduced throughout the sintering regimes. These gradients in mechanical measurements are
ascribed to phase changes during heat treatment.
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1. Introduction

A host of materials have been successfully used in bone treat-
ment applications and of all of these materials, hydroxyapatite
based bioceramics have generated huge interest due to their high
compatibility with the human bone [1,2]. To put in context, any
proper bone substituent has to mimic the structural features of
the natural bone, hence, must have adequate mechanical proper-
ties which supports the osteo-regeneration process. Hydroxyap-
atite (HAp) can be prepared through different methods, for
instance, hydrolysis, chemical co-precipitation, and solution-
gelation methods. Alternatively, HAp can be prepared through
the extraction from biological sources (e.g. marine shells, fish
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bones, eggshells, etc.) [3-6]. HAp produced from natural sources
has been reported to be advantageous as compared to synthetically
produced HAp [7,8]. In advancing the density of HAp, hot-pressing
has shown experimentally that densification can be achieved
within a lower temperature regime than when pressureless sinter-
ing is adopted [9]. However, in order to enhance homogeneity in
densification with associated uniformity in microstructure with
fewer pores, cold isostatic pressing method for hydroxyapatite
powders will suffice by virtue of its isotropic pressure [10-12]. In
addition, by reason of the poor mechanical integrity of pure
hydroxyapatite, low compaction pressure can be used to obtain
superior mechanical strength as reported by [13-15].

In this paper, the comparison of the properties of HAp produced
from catfish and animal bones (biogenic sources) is reported. The
powders were cold-isostatically pressed with a low pressure
(1 MPa) and sintered at 900 °C, 1000 °C and 1100 °C.
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2. Materials and methods
2.1. Preparation of HAp

The two biogenic sources were used as precursors for hydroxya-
patite production and prepared according to a protocol described
by Akpan et al. [14]. The prepared HAp powders sieved through a
300 pum mesh were compacted with a pressure of 1 MPa in the
form of circular disc (25 x 10 mm) to form scaffolds for hardness
test and compression test. The thermal treatment of the powders
was conducted at temperatures of 900, 1000 and 1100 °C for 2 h
in a furnace. The sintered powdery samples for HAp sourced from
the non-separated animal bones and catfish bones were labelled as
NB-900, NB-1000, NB-1100 and CB-900, CB-1000, CB-1100 accord-
ing to the temperatures of heat treatment, respectively.

2.2. XRD analysis

To elucidate the phases present and to index the diffraction
peaks in the produced HAp, X-ray diffraction analysis using a
Rigaku Miniflex Diffractometer was carried out after sintering the
HAp. The identification of the phases was followed up by compar-
ing the XRD data to standards using the cards 9-0432 which corre-
sponds to the hexagonal HAp structure.

2.3. FT-IR analysis

To evaluate the surface chemistry of the produced HAp, Fourier
transform infrared analysis was conducted in the transmission
mode from 4000 to 400 cm™".

2.4. Mechanical testing

Microhardness measurements of the samples were conducted on
the fabricated discs via the Vickers indentation with an applied load
of 300 g and a resident time of 10 s. The fracture toughness and brit-
tleness index of the samples were calculated using the expressions
as adopted by Obada et al. [13]. The fracture toughness was obtained
using Eq. (1) (a and 1 were obtained during hardness testing):

Kic = 0.203((‘/(1)*1-51_1”((1)0_5 "

where,

a = half diagonal length (mm)
1 = crack length (mm)
2c=2(a+1) (mm)

Hv = Hardness value

The brittleness index was obtained using Eq. 2 [26]:
B =H/K;. (2)

3. Results and discussion
3.1. XRD analysis

The XRD analysis of the produced HAp powders produced from
the two biogenic sources is as shown in Fig. 1. The XRD signatures
revealed reflections within the 20 range from 20 to 60° which cor-
responds to stoichiometric HAp (JCPDS 9-432). The XRD patterns of
NB and CB at different sintering temperatures show the most
intense reflections corresponding to (002), (211), (112), (300),
and (310) planes. All reflections are characteristics of the standard
data and are in agreement with Heidari et al. [16,17]. The appear-
ance of the new reflections in the XRD patterns for NB and CB-
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Fig. 1. XRD patterns of the synthesized HAp.

derived HAp in different heat regimes can be ascribed to TCP
phases [18,19] which may be formed due to the degradation of
the HAp phase to traces of tetra-calcium phosphate (TTCP). It
should be noted that this phase is biocompatible [10].

3.2. FT-IR analysis

The FTIR spectra of all samples have very close similarities with
the result of natural sources-derived HAp as reported by Bahrolo-
loom et al. and Abifarin et al. [20,25]. The broad H,O band which
was observed can be ascribed to v3 and v1 stretching modes of
the H,0 molecules. The band at 1459.85cm~! are ascribed to
CO%~ ions [21], while bands noticed at 2365 cm™! is related to
CO,, (air) [20] (Fig. 2).

3.3. Mechanical measurements evaluation
The mechanical characteristics of the produced HAp are as

shown in Figs. 3-5. Fig. 3 shows the gradient in hardness with
increasing sintering temperature. For CB-derived HAp, there was
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Fig. 2. FT-IR spectra of the synthesized HAp.
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Fig. 3. Variation in hardness values of the synthesized HAp.
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Fig. 4. Variation in fracture toughness values of the synthesized HAp.
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Fig. 5. Variation in brittleness index values of the synthesized HAp.

an increase in hardness until 1000 °C after which a decrease was
observed. As for NB-derived hydroxyapatite, there was a steady
decrease in hardness with increasing sintering temperature. The
very rapid increase in hardness (0.737 GPa) for CB-1000 can be
ascribed to increase in relative density [21], nonetheless, in the
present work, this reason is not completely noticed. The hardness
for CB-1100 and NB-derived samples decreased in spite of a consis-
tent increase in density. This trend of a decrease in Vickers hard-
ness can be as a result of an increased temperature-induced
decomposition with the amounts of tetra-calcium phosphate
(TTCP) phase included in the bulk of HAp [22]. This trend is also
reflected in Fig. 4 as the fracture toughness also decreased with
increasing sintering temperature from 900 to 1100 °C. However,
the mechanical measurement data for CB and NB-derived HAp as
obtained in this study compare well with data reported by [23,24].

The brittleness index as shown in Fig. 5 consequently showed
gradients. Scaffolds with the highest microhardness values are
most prone to fracture. In comparison, CB-1000 and NB-1000 have
higher potential to crack when they are subjected to stress
regimes.

4. Conclusion

In this study, HAp was extracted from two biogenic sources and
the following conclusions were drawn:

1. The phases present in the produced hydroxyapatite bulk
revealed the inclusion of TCP phases.

2. The hardness properties for NB-derived HAp were found to
decrease with increasing temperature.

3. For CB-derived HAp, there was an increase in hardness until
1000 °C after which a decrease was observed.

4. The fracture toughness for all samples decreased with increas-
ing sintering temperature from 900 to 1100 °C.

5. Comparatively, CB-1000 and NB-1000 have higher potential to
crack when they are subjected to stress regimes.
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