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ABSTRACT

One common bio-ceramic material used in the biomedical industry is hydroxyapatite. Because of its
crystallographic and molecular resemblance to the hard tissues of the human body, hydroxyapatite is thought
to form. Scallop shells are one natural source of hydroxyapatite, which is high in calcium. This study
examines how the calcination temperature affects the characteristics of hydroxyapatite made from leftover
scallop shell. Hydroxyapatite was synthesized via the sonochemical method, with calcination conducted at
temperatures of 900°C, 1000°C, and 1100°C. The hydroxyapatite that was prepared was assessed using X-
ray diffraction (XRD) to determine the phase and crystallite size, Scanning Electron Microscopy (SEM) to
conduct a morphological investigation, and Fourier Transform Infrared (FTIR) spectroscopy to conduct a
functional group analysis. Phases resulting from varying calcination temperatures include hydroxyapatite
and B-tricalcium phosphate. The crystallite size of hydroxyapatite enhanced with rising temperature. The
morphology of hydroxyapatite exhibited agglomeration in all samples, with grain size escalating alongside
the increase in calcination temperature. The functional groups generated under the three temperature
fluctuations include O-H, P-O, PO4*, and O-P-O groups. The calcination temperature significantly
influences the characteristics of produced hydroxyapatite and impacts its biocompatibility as a bone implant
material.

Copyright © 2024. Journal of Mechanical Engineering Science and Technology.
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I. Introduction

Hydroxyapatite (HAp) is another form of calcium phosphate extensively utilized in the
biomedical sector due to its biocompatibility, bioactivity, and non-toxicity [1].
Hydroxyapatite can be derived from natural sources rich in calcium, including clam shells,
eggshells, coral, and animal bones [2]-[4]. The scallop shell is a natural substance rich in
calcium. The scallop shell (Amusium pleuronectes) has calcium mostly as calcium carbonate
(CaCO03), constituting 97-99% of its composition. In 2018, the production of scallop shells
in the Surabaya area amounted to 412.2 tons [5], [6]. Currently, research related to scallop
shells is widely used as a biodiesel catalyst, used to make filler as a base material for making
composite boards, and used to make chitosan as a wastewater coagulant [7]-[10]. The high
calcium content and the high availability provide a potential opportunity for scallop shell
waste to be used as a HAp base material [11].
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Chemical synthesis methods include hydrothermal, co-precipitation, sol-gel, hydrolysis,
emulsion, and sonochemical processes may be used to get HAp from natural sources [12].
Among the several synthetic approaches, the sonochemical technique is a practical and
efficient way to synthesize HAp, nevertheless, it also yields HAp with very high purity [13]-
[15]. This method is widely used to synthesize HAp because of its advantages: small particle
size, good uniformity, and a large percentage of crystallinity [16]. However, HAp particles
prepared by the sonochemical method can cause crystal structure degradation (lattice
defects) due to excessive energy. This may be mitigated by using suitable calcination
temperatures to efficiently eliminate lattice flaws while preventing excessive grain
development or material degradation, which may result in the emergence of additional
defects [17].

Calcination temperature is a critical factor in removing crystal lattice defects in HAp.
Optimal calcination temperatures are necessary to eliminate lattice defects effectively
without causing excessive grain growth or material degradation, which could introduce new
defects [17]. Lower temperatures may not be sufficient for defect removal, while higher
temperatures can lead to undesired outcomes [1]. Increasing the calcination temperature can
lead to the crystalline growth of HAp particles, resulting in changes in particle morphology
and a reduction in pore sizes and density. These alterations can reduce the contact surface
between adsorbed ions and HAp, impacting the material's properties [18]. Moreover, high
calcination temperatures can prompt the release of hydroxyl groups from HAp, generating
new vacancies and defect sites in the material [19]. Hammood et al. [20] utilized bovine
femur bone to generate natural hydroxyapatite (HAp), revealing that the best calcination
temperature for achieving near-pure HAp is 900°C. Agbabiaka et al. [21] shown that
hydroxyapatite (HAp) calcined at 1000°C exhibits a stoichiometric ratio Ca/P = 1.65
comparable to that of real bone and possesses the propensity to agglomerate, hence forming
holes essential for the circulation of bodily fluids. Therefore the selection of an appropriate
calcination temperature is crucial in the production of HAp to ensure that the desired
properties of the material, such as mechanical strength, porosity, and biocompatibility, can
be achieved.

In this study, the effect of calcination temperature on HAp synthesised from scallop
shell waste using sonochemical method was analysed. The temperatures used in this study
are 900°C, 1000°C and 1100°C.

I1. Material and Methods
1. Materials

This research used scallop shell waste collected from Pantai Kenjeran, Surabaya.
Acetone (purity > 99.5%), diammonium hydrogen phosphate ((NH4)2.HPO4) (purity >
99%), and Whatman filter paper (No. 41) were acquired from Sigma-Aldrich, USA.
Deionized water of analytical quality was acquired from Onelab, Indonesia.

2. Preparation of Scallop Shell Waste

The pre-ground scallop shell was divided into two sections of 300 g each and placed in
a vial ball mill. Next, 75 mL of acetone was poured into the planetary ball mill (MTI MSK-
SFM-1, Korea). The milling operation was carried out for a duration of 5 hours, maintaining
a rotational speed of 400 RPM. In order to transform the CaCOs powder into CaO powder,
the milled samples were subjected to further calcination at 1100°C for 60 minutes in a muffle
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furnace (MTI KSL-1750X, USA), as shown in reaction 1. The samples were then crushed
to prevent aggregation.

CACO3 = CAO 4 COy oo, (1)
2Ca0 4+ 2H50 = 2CA(0H)g w.uvnnieiie e (2)

The produced CaO is then transformed into Ca(OH)2 by exposure to air (water vapor)
at ambient temperature for one day, as shown in reactions of Eq. (1) and Eqg. (2).

3. Synthesis of Hydroxyapatite

Hydroxyapatite was synthesized through the incremental addition of 0.3M
(NHa4)2.HPO4 to Ca(OH)2 powder obtained from scallop shells, kept at a temperature of 40
+ 2°C for one hour, with agitation facilitated by a hotplate magnetic stirrer (Thermo Fisher
Scientific, USA), as illustrated in the reaction of Eq. (3). The resulting suspension was
sonicated for 90 minutes using an ultrasonic cell disruptor (Biobase UCD-2000, China). The
sonicated suspension was left at room temperature for 24 hours. Afterward, it was
centrifuged (Oregon LC-04R, China) at 3000 rpm for 15 minutes. The sediment obtained
was subjected to decantation and subsequently rinsed with deionized water. The filtration
process employed a Whatman paper filter. Ultimately, the filtered sediment underwent a
drying process at 100°C for three hours. The sediment underwent grinding in a mortar and
was then calcined in a muffle furnace at temperatures of 900°C, 1000°C, and 1100°C for 2
hours. Subsequently, the HAp samples were allowed to cool to ambient temperature prior to
being subjected to crushing for one hour.

10Ca(0OH), + 6(NH,),. HPO, - Cayo(P0,)¢(0H), + 6H,0 + 12NH,0H ... (3)

4. Phase and Crystallite Size

Phase and crystallite size of HAp derived from scallop shell waste was characterized
using XRD PANalytical X'Pert Pro (Malvern Panalytical, UK). The diffraction angle used
for the scanning ranged between 10° and 55°. The phase of the HAp was analysed using
Match! software, The Scherrer equation, which is stated in Eg. (4), was used in order to
ascertain the size of the crystallites [22].

kA
o (4)

With the representation of d reflecting the size of the crystallite, the representation P
denoting the full-width at half maximum (FWHM), the representation k being the constant
(0.9), and the representation of A being the wavelength (1.5406 A).

5. Morphology

Morphological characterization was performed using the SEM Inspect-S50 type (FEl,
Japan). The magnification is 50000x and 100000x. The HAp surface was covered with a
layer of gold to increase the sample'sconductivity prior to observation.

6. Functional Groups

The functional groups were analyzed using the FTIR model Prestige 21 (Shimadzu
Instrument, Japan) within the wavelength range of 4000-400 cm™,
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I11. Results and Discussions

1. Phase and Crystallite Size of Hydroxyapatite

Phase identification involved analyzing the crystal phases present in the HAp powder
derived from scallop shell using X-ray diffraction techniques. The study also encompassed
the analysis of crystallite sizes, crystal orientation, crystal imperfections, and phase

composition in each phase.
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Fig. 1. XRD patterns of HAp derived from scallop shell waste

Table 1. Crystallite size of hydroxyapatite derived from scallop shell waste

FWHM Intensity  d-spacing  Bragg's Angle  Crystallite

Sample [2theta] [cts] Al [2th] Size [nm]
HAp Calcined 900°C 02592 26217 28157 31.8093 31.89
HAp Calcined 1000°C 02054 36635 28158 31,7897 40.25
HAp Calcined 1100°C 02023 36805 28179 31,7699 40,85

The diffraction pattern of the HAp sample derived from scallop shell waste is depicted
in Figure 1. The result of XRD displays distinct diffraction peaks in the 2theta angle range
corresponding to the crystal planes denoted by the Miller indexes, which are (100), (002),
(210), (211), (300), (202), (310), (222), and (213). The sharp peaks observed were consistent
regarding ICDD No. 01-079-8093, validating the successful synthesis of the HAp phase,
which is defined by its hexagonal crystal structure [23], [24]. Additionally, the B-tricalcium
phosphate (B-TCP) phase was identified in the sample with ICDD No. 04-014-2292 [25].
This appearance of B-TCP is attributed to the high calcination temperatures. High calcination
temperatures can promote the release of hydroxyl groups from HAp resulting in new phases
[19]. In a previous study conducted by Khiri et al. [26], it was observed that the production
of the B-TCP phase occurred when the temperature at which calcination occurred raised
from 1100°C to 1400°C. Other studies by Lee et al. [27] show that the formation of B-TCP
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phase occurs at a starting temperature of 1000°C. In addition to the calcination temperature,
the transformation of HAp to B-TCP can also be caused by the pH of the solution and the
ultrasonic effect of the synthesis process [28].

Table 1 presents the crystallite size determined by the Scherrer equation. Based on this
table, it shows that HAp calcined at 900°C, 1000°C, and 1100°C has an increase in peak
intensity and crystallite size. The calcination process involves heat treatment of the sample
to improve its purity. The calcination process results in thermal decomposition and the
release of carbon dioxide, in addition, the application of heat causes the crystals within the
grains to enlarge or grow [29], [30]. This phenomenon reappears with a rise in calcination
temperature. The rate of crystal growth rises with a rise in the temperature of the calcination
process, likely attributed to the presence of diffusing atoms [31].

2. Morphology of Hydroxyapatite

Morphological identification of HAp samples derived from scallop shell waste was
carried out using SEM with a magnification of 50000% and 100000x%.

Aglomeration
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Angular quartz

x

2]
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\
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Fig. 2. SEM result of hydroxyapatite samples calcined a-b) 900°C, c¢-d) 1000°C and e-f) 1100°C
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Based on Figure 2, it shows that the HAp sample has an angular quartz particle shape
with the agglomeration level of the sample increasing as the calcination temperature of the
sample increases [32]. The calcination process, characterized by elevated thermal energy,
significantly influences the physical characteristics, resulting in phase and structural
transformations in the particles, which subsequently coalesce, leading to an increase in
density (agglomeration) [33].

In the course of the observation, the sample subjected to a calcination temperature of
900°C exhibited a smaller grain size. Furthermore, there is a tendency for the grain size to
increase throughout the calcination process. Applying heat leads to the enlargement or
growth of the crystals within a grain [5], [34]. With an increase in the prescribed calcination
temperature, this effect will continue to increase. As the size of the crystals in the grain
increases, it causes each grain also to experience growth, resulting in a closer proximity of
the grains [35], [36].

3. Functional Groups of Hydroxyapatite

Identification of functional groups of HAp samples derived from scallop shell using
FTIR at wavelength 4000-400 cm™.
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Fig. 3. Spectrum FTIR of hydroxyapatite derived from scallop shell waste

Table 2. FTIR peak description of hydroxyapatite derived from clamshell waste

Wavelength [cm™] Descriptions
3567.59 and 646.15 Vibration of O-H bond
2509.88 and 1793.67 Stretching and bending of the hydrogen bond of the H,O
1986.68 — 2140.99 Stretching P-O bonds
1549.41-1452.57 and 875.68 Carbonate groups
947.05-1168.86 Antisymmetric vibration of the PO,* ion
617.22 and 646.15 O-P-0 bending vibration of the PO4group in phosphate
590.23 and 552.57 Characteristic of the p-TCP phase
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Based on Figure 3 and Table 2, shows that in all HAp samples, there is a peak at
wavelength 3567.59 cm™ which indicates vibration of O-H bond corresponding to the
hydroxyl group of the HAp phase [37], [38]. The peaks observed at wavelengths 2509.88
cm™ and 1793.67 cm™ are indicative of the stretching and bending motions associated with
the hydrogen bond in H20 [39]-[42]. The peak at 1986.68 — 2140.99 cm™ is a bond from
stretching P-O bonds from phosphate groups [43]. At wavelengths of 1549.41-1452.57 and
875.68 cm™, carbonate groups are produced, which are combined in the HAp structure [1],
[38], while at wavelengths of 947.05-1168.86 cm, the antisymmetric vibration of the PO4>
ion [20], [44]. Two peaks at wavelengths 617.22 and 646.15 cm™ represent the O—P-O
bending vibration of the PO4 group in phosphate [45], [46]. Two small peaks (marked in
green) at wavelengths 590.23 cm™ and 552.57 cm™ are indicative of the B-TCP phase [47].

IVV. Conclusions

HAp was synthesized using the sonochemical method from clamshell waste at
calcination temperatures of 900°C, 1000°C, and 1100°C. The resulting HAp was then
analyzed for its phase, crystallite size, morphology, and functional groups. The treatment of
HAp at various calcination temperatures resulted in the formation of HAp and B-tricalcium
phosphate phases. Notably, the HAp sample subjected to a calcination temperature of 900
°C exhibited the smallest crystallite size. The morphology of HAp exhibits agglomeration
within the sample, alongside a rise in particle size distribution as the calcination temperature
escalates. The calcination treatments of HAp resulted in the formation of O-H, P-O, PO4*,
and O-P-O functional groups. Consequently, the calcination temperature significantly
influences the characteristics of the synthesized HAp and impacts its biocompatibility as a
material for bone implants.
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