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ABSTRACT 
 In this research, hydroxyapatite was prepared from Pokea clam shells as home industrial 

waste by a hydrothermal method. HAp-MgO composites were successfully synthesized through an 
in-situ hydrothermal technique. The impact of MgO incorporation on the mechanical 
characteristics of HAp and its composites with 5 wt.% MgO was investigated. An X-ray diffraction 
(XRD) was used for samples characterization and to assess their phase stabilities. The existence of 
MgO in the composite material was indicated by its specific peaks at 37.6° and 26.7°. Several 
indices, including both hardness and compressive strength, were used to measure the mechanical 
characteristics of genuine HAp and HAp-MgO composite. We found that the inclusion of MgO 
considerably improved HAp's mechanical characteristics and particle growth. The best mechanical 
properties were observed in the HAp-MgO composite sintered at 900oC with 5 wt.% MgO. This 
composite exhibited a hardness of 30.72 VHN and a compressive strength of 3.12 MPa. The present 
study recommends that composites with mechanical properties are suitable for biomedical 
purposes. 

Keywords: Hydroxyapatite; HAp-MgO composite; Hydrothermal; Pokea clam shells; 
Mechanical properties

1. Introduction
For many years, research has been 

conducted on bone-emulating biomaterials to 
attain high mechanical strength without 
affecting other qualities. However, the 

problem of creating a bone substitute material 
that is as strong as natural bone has remained 
largely unsolved. Several metallic implants, 
such as those made of MgO alloys, MgO-
Aluminium alloys, have been used as bone 
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substitutes and exhibit basically neuter 
performance when applied as permanent 
fixtures in vivo [1, 2]. Metallic implantations 
are avoided because of the restriction on the 
production of harmful metallic ions, 
notwithstanding their greater strength potential 
when compared to natural bone. Additionally, 
the stress shielding effect is caused by 
mechanical qualities that are not compatible 
with natural tissues, such as density and 
biocompatibility [3]. Various methods might 
be used to fabricate bone materials with 
managed physicochemical properties [4]. The 
establishment of such biomaterials with 
mechanical strength is appreciably comparable 
to that of natural bone and a great in vivo 
response. Because of the long-distance linked 
channels that allow cell development and 
curing to create these biomaterials site active, 
they are capable of hard tissue restoration and 
reconstruction. Bio ceramic materials have 
distinctive physical characteristics and 
biological reactions to cell adhesion and 
migration [5]. Bio ceramic, also known as bio 
ceramic materials, can be bioactive (such as 
hydroxyapatite), bioinert (such as alumina and 
zirconia), or resorbable (such as tri-calcium 
phosphate). The most important components 
of living tissues are calcium phosphate 
minerals, which provide biological hard tissue 
(such as bones, teeth, and tendons) stability 
and strength [6]. Tricalcium phosphate (-TCP) 
and tetra tricalcium phosphate are the 
subsequent phases that result from the 
breakdown of HAp at higher temperatures 
(TTCP). At higher temperatures, they are the 
most noticeable stable phases; however, under 
physiologically normal settings, they are less 
stable and degradable [7]. Therefore, they 
cannot be used as weight-bearing implants. 
The creation of bone cement completely 
utilizes its degradative nature. Aside from 
being stable in vivo, HAp is also bioactive and 
encourages bone ingrowth after implantation 
[8]. 

In terms of chemical composition, 
hydroxyapatite [Ca10(PO4)6(OH)2] is identical 
to the inorganic compound of natural bones 

and teeth. The properties of HAp, including its 
surface morphology, structure, crystallinity, 
and interconnecting porous material 
resembling natural bones, determine its 
biological uses, biocompatibility, and 
bioactive characteristics. Nanostructured HAp 
powders are ideal biomaterials for bone grafts, 
bone filler substitutes, and implant materials as 
they are highly osteoconductive and 
biocompatible. Furthermore, HAp has a stable 
thermal dielectric, diamagnetic, and the 
capacity to induce bone development. All 
these characteristics suggest that it might be 
used in the biomedical business [9, 10]. The 
production of HAp from seashells has been 
attempted on several occasions. HAp 
production utilizes a variety of seashells as 
calcium precursors [11]. According to 
Rodriguez et al., the conversion of aragonite 
minerals to HAp was more effective than the 
conversion of the calcite phase of calcium 
carbonate to HAp [12]. HAp is made from 
calcium carbonate extracted from various 
shells, including garden snails, conchs, and 
enormous clams. In a previous study, di-
ammonium phosphate ((NH4)2HPO4) was 
employed with CaO as a source to synthesize 
HAp using a hydrothermal technique, whereby 
the FTIR analysis revealed a very pure and 
crystalline HAp powder [8]. 

Pure HAp has a limited range of 
applications for replacing missing bone 
because of its inferior mechanical strength 
compared with real bone and teeth [13]. No 
biomaterial capable of withstanding forces as 
large as human bone has yet been developed. 
The porosity and formation of secondary 
phases, among other microstructural features, 
have an impact on the strength and other 
mechanical properties of HAp. Owing to the 
pore interactions, the porosity of a biomaterial 
is crucial for tissue regeneration. Due to 
normal tissue growth and the absence of 
negative reactions, the porosity characteristics 
of HAp as a substitute bone-material provide 
mechanical support. The porous architecture 
and pore size have a significant impact on the 
mechanical characteristics of porous HAp 
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[14]. By substituting, doping, and/or including 
certain additives into its composites, 
hydroxyapatite can be customized for the 
desired mechanical strength and deterioration 
to replicate real bone [15]. Since pure HAp has 
very poor mechanical performance, several 
biocompatible compounds (metal oxides and 
carbonates) have been mixed with synthetic 
HAp to create a variety of composites with 
improved bioactivity and mechanical qualities 
without changing biological characteristics. 
An earlier study attempted to explore the 
mechanical properties of various 
biocompatible oxide additions, including silica 
(SiO2), zirconia (ZrO2), alumina (Al2O3), (r-
GO), cerium oxide (CeO2), and MnO2 [16]. 
The densification and mechanical 
characteristics of the sintered HAp composites 
at low temperatures were observed to benefit 
more from a small amount of this additive. The 
mechanical and biodegradable features of 
MgO materials and alloys are particularly 
desirable for bone and dental applications 
owing to their high biocompatibility, excellent 
degradability, lower weight, and good density 
[17]. Since the rapid regeneration of the host 
material is caused by the slow release of Mg 
ions from the implanted materials, MgO-
containing HAp is frequently employed as a 
bone graft material. MgO incorporation is 
anticipated to have a considerable impact on 
the grain development of HAp and enhance its 
mechanical properties [18, 19]. 

In the present study, a thorough 
investigation of the impact of the amounts of 
MgO 5 wt.% on the mechanical properties of 
HAp was conducted in sequence to identify the 
correct strength of HAp. First, using a 
hydrothermal process, pure HAp powder was 
created. This method is well-known for 
producing high-crystalline HAp powder. 
Additionally, an approximated amount of 
MgO was added to HAp to create the MgO-
HAp composites. Using several methods, 
including SEM and XRD, the surface and 
structural characteristics of HAp and 
HAp/MgO samples were studied. The most 
reliable testing (Universal Testing Machine 

(UTM) Instron 5944) was also performed to 
examine the mechanical characteristics of 
prepared HAp and its composites. 

 
2. Materials and Methods  
2.1 Materials and method for synthesis 

Diammonium dihydrogen phosphate 
(NH4)2HPO4) and MgO (>99% Merck) were 
used as starting materials in the manufacture of 
HAp powder. The calcium source was 
recovered from biowaste Pokea clam shells, 
collected from Pohara River, Southeast 
Sulawesi, Indonesia. No additional 
purification was performed prior to using any 
compound. Biowaste Pokea clam shells were 
cleaned properly and washed to remove any 
contaminants. The shell was then dried, put 
into an electrical furnace, and heated at a 
temperature of 900°C for 4 hours for 
calcination process. The calcium carbonate 
(CaCO3) in the Pokea clam shell was 
converted to calcium oxide (CaO) during the 
calcination process by releasing carbon 
dioxide (CO2) [20, 21]. 

A variety of methods are available for 
the synthesis of hydroxyapatite, including sol-
gel processes, hydrothermal techniques, 
precipitation reactions in a wet chemical 
environment, and solid-state and 
mechanochemical reactions in a dry 
framework [22, 23]. HAp synthesis was 
carried out by mixing 14 grams of calcium 
oxide (CaO) from Pokea clam shells with 
17.25 grams of diammonium hydrogen 
phosphate (NH4)2HPO4 at a substrate mole 
ratio of 1.67. The mixed compound was put 
into a hydrothermal autoclave and heated in an 
oven at a temperature of 200°C for 72 hours. 
The resultant solid material was washed with 
distilled water until reaching neutral pH. 
Subsequently, it was heated at 110°C 
temperature for 24 hours, followed by 
sintering at a temperature of 900°C for 5 hours 
[24]. 

In-situ synthesis of the hydroxyapatite 
composite was carried out by mixing calcium 
oxide (CaO) from Pokea shells with 
ammonium dihydrogen phosphate 
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(NH4)H2PO4, then adding 5% weight of MgO. 
The mixture was put into a hydrothermal 
autoclave and heated in an oven at 200°C 
temperature for 72 hours. The resultant solid 
material was washed with distilled water until 
reaching neutral pH before being heated 110°C 
for 24 hours, followed by sintering at 900°C 
for 5 hours [15]. 
 
2.2 Materials characterizations 

The elemental composition of Pokea 
clam shell composition was measured using X-
ray fluorescence (XRF, Rigaku Nex CG). A 
Rigaku Minifex-II X-ray diffractometer 
outfitted with monochromatic Cu-Kα radiation 
(λ = 0.15418 nm) was used to record the XRD 
patterns. The Crystallography Open Database 
(COD ID number: 2300273 was used to 
compare the pure HAp and sintered HAp/MgO 
composites (standard data for hexagonal 
HAp). Using an FTIR spectrometer with a 
range of 4000-500 cm-1, the 
intra/intermolecular interactions between 
MgO-HAp were investigated (ATR FT-IR 
spectrometer).  

A Scanning Electron Microscope 
(SEM) EVOMA10 was utilized to examine the 
composite morphology and microstructures of 
fractures in HAp and HAp/MgO composites. 
Utilizing a mechanical testing machine (UTM 
Instron 5944) in compression mode on 
cylindrical pellets with dimensions of 1.3 cm 
in diameter and 2.0 cm in length/height, the 
mechanical characteristics of HAp/MgO 
composite samples were evaluated by 
employing a mechanical testing machine 
(UTM Instron 5944). The temperature was 
applied at 28°C during characterization. 
 
3. Results and Discussion  
3.1 CaO content of Pokea clam shell  
 The calcium oxide (CaO) content of 
Pokea clam shell revealed from this study was 
98.43%. This indicates that the CaCO3 from 
Pokea clam shells have been successfully 
converted into CaO. This result is not 
significantly different from the results gained 
by Desmond [7] who obtained CaO from 

mussel and scallop shell yields of 98.36% and 
97.53%, respectively. Table 1 shows the 
mineral composition of Pokea clam shell in the 
oxide form after calcination analysed by XRF.  
 
Table 1. Composition of Pokea clam shell 
from XRF analysis. 

 
3.2 Composite XRD Analysis  

The XRD diffractograms of the 
synthetic HAp and HAp/MgO with 5 wt.% of 
MgO are shown in Fig. 1. The production of 
pure and crystalline HAp samples was 
indicated by the appearance of strong and very 
high intensity XRD diffractogram, which 
corresponded to the COD file (ID number 
2300273). No secondary phases or other 
contaminants were observed in the XRD 
diffractogram of pure HAp sample. Except for 
minor MgO peaks, the XRD pattern of the 
HAp/MgO composite was basically identical 
to that of pure HAp. Since Mg was substituted 
into HAp, the development of the typical MgO 
peak at 37.6° and 26.7° indicated the presence 
of MgO [26]. 

 
Table 2. Lattice parameters. 

Sample D 
(nm) 

a=b 
(Ǻ) 

c  
(Ǻ) 

α=β 
(o) 

γ (o) 

HAp*  9.424 6.879 90 120 
HAp 
synthesis 

46.15 9.448 6.921 90 120 

HAp-MgO 
synthesis 

31.72 9.501 7.104 90 120 

HAp* points out the standard data belonging to the COD ID 9011096 
 
Calculation of the HAp crystal size gave an 
average of 46.15 nm compared to 31.72 nm for 
HAp-MgO. The details of the calculation 
result can be seen in Table 2. The result 
obtained in this study is not significantly 

Minerals Content (%) 
Mussel 

Shell [7] 
Scallop 
Shell 
[12] 

Pokea Clam 
Shell [this work] 

CaO 98.36 97.52 98.43 
Na2O 0.93 0.56 0.24 
Al2O3 0.29 1.56 0.62 
Fe2O3 0.16 0.24 0.02 
MgO 0.15 0.10 0.06 

Balance 0.11 0.02 0.63 
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different from the results previously reported 
by Mohammed [27] and Korkmas [28]. The 
calculation yielded a degree of crystallinity of 
85.43% for HAp, and 93.11% for HAp-MgO. 
These results indicate that the addition of MgO 
to the composite enhances its crystallite 
properties. 
 

 
 

Fig. 1. XRD of HAp and MgO–HAp composites in 
scanning range 20–60o (a) HAp reference, (b) HAp 
experiment, (c) HAp-MgO composite experiment. 

 
3.3 Composite FTIR Analysis 

To examine the chemical structure of the 
manufactured samples, FTIR analysis of the 
samples was also performed. The 
transmittance spectra of pure HAp and 
HAp/MgO composite are shown in Fig. 2. The 
OH- stretching and the less intense calcite-
specific peaks produced an intense peak at 
3572 cm-1, as seen in typical stretching. The 
hydroxyl (OH-) group is responsible for the 
medium peaks at 634 cm-1 and 3572 cm-1 
(stretching vibration) [17]. The high 
transmittance bands between 926 and 1084 
cm-1 are the usual stretching bands of O-P-O in 
PO4

-3 of HAp. A similar observation has been 
reported in the literature [18]. This band also 
shifted blue to 971 cm-1 when MgO was added, 
which might be due to the asymmetric binding 
mode of O-P in PO4

-3. A weak transmittance 
spectrum observed at 598 cm-1 was due to a 
symmetric binding mode of O-P in PO4

-3. In 
line with the study results of Yanovska et al. 
[19], the existence of carbonate content in 
HAp can be explained by the presence of CO3

2- 

bands observed at wavenumbers between 1565 
and 1815 cm-1 (v3). The similar observation 
was made in this occurrence (Fig. 2), and the 
carbonate content of the composite was 
revealed. 

 

 
 

Fig. 2. FTIR Analysis of composite in range of 
500–4000 cm-1 sintered at 900oC (a) synthetic HAp, 
(b) HAp-MgO composite. 

 
3.4 Mechanical behaviour 

The compressive strength and hardness 
of hydroxyapatite HAp depending on the 
porosity and composition of the material. Fig. 
3 shows mechanical behaviours of HAp and 
MgO–HAp composite. The compressive 
strength and hardness of HAp are 1.8 MPa and 
20.33 VHN. These values were lower than 
previous reported by Kareem [29] .The 
compressive strength value increases 
drastically to be 3.12 MPa with the addition of 
MgO (Fig. 3(b)). This result is in accordance 
with the findings of [20] which found that the 
use of MgO can increase inter-particle 
densification. In addition, particle unification 
and compaction are facilitated by the high 
temperature thermal process, hence the bonds 
between the grains are strengthened. The 
compaction process improves the mechanical 
characteristics. 

 
 

20 30 40 50 60

HAp*

MgO@
*

@ * * *** ****

* ** **
*

**

*

**

*

*

**
** * *

***

*
*

**

**

*

*

*
**

**

*

*

(c)

(b)

 

 

In
te

sin
ty

 (a
.u

)

2 theta (o)

(a)
HAp reference
COD ID 9011096

*

@

HAp

 

!"#$%&'(!%

!")$%&'(!%



Armid et al. | Science & Technology Asia | Vol.30 No.1 January – March 2025 

75 

 
Fig. 3. Mechanical behaviors of HAp and MgO–
HAp composite samples at sintering temperature of 
900oC, (a) Hardness (b) Compressive strength. 

 
Based on the results of the hardness 

analysis illustrated in Fig. 3, CaO has a 
hardness value of 18.23 VHN, while HAp has 
a value of 20.33 VHN and the HAp-MgO 
composite is 30.72 VHN. This study supports 
the observations [30] which found that the 
hardness value increases with increases to the 
compressive strength. Accordingly, the 
material become denser and tougher. This is 
caused by increased pressure on the inter-grain 
connection, so that the distance between the 
grains become closer and the space between 
the grains become smaller. 
 
3.5 Morphological properties 

Fig. 4 shows the surface morphologies 
of the HAp and HAp-MgO cracked samples 
sintered at 900oC. It is clear from the images 
that the addition of MgO has a significant 
effect on the development of HAp grain, 

leading to an increase in mechanical 
characteristics. The microstructure of HAp-
MgO composite shows proper grain 
development. The pores are marked with 
bright white circles [31], [32]. The SEM image 
of the pure HAp sample (Fig. 4(a)) shows the 
presence of various pores with irregular shape, 
some of which are related to one another. 
Therefore, the pure HAp sample has poorer 
porosity, low composition and other 
mechanical properties compared to its 
composite. Despite MgO being highly fusible 
into linked pores to reduce porosity, a 
relatively denser microstructure is produced 
because of its inclusion [33]. At 900oC, it was 
anticipated that the MgO articles would melt 
and aid in the densification of the HAp sample. 
The composite shown in Fig. 4(b) with 5 wt.% 
MgO shows the best porous morphology. Most 
of the pores in the HAp grains are located at 
their grain borders. Pores that are 
comparatively regular and homogeneous can 
be observed in the HAp-MgO composite (Fig. 
4(b)). In addition, synthetic HAp exhibits a 
highly porous structure and the pores are 
unevenly distributed throughout the image. 

 

 
 
Fig. 4. SEM images of synthetic HAp and 
HAp/MgO composite (a) HAp (b) HAp-MgO 
composite (c) HAp diameter distribution (d) HAp-
MgO diameter distribution. 
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4. Conclusion 
In this study, pure HAp and HAp-MgO 

composites were successfully prepared by a 
hydrothermal method. The addition of MgO to 
pure HAp and the sintering temperature were 
determined based on the hardness and 
compressive strength of several mechanical 
parameters. The present study found that the 
HAp-MgO composite was very beneficial for 
densification to achieve the highest density, 
hardness, and compressive strength. It is noted 
that the porosity has a significant impact on the 
mechanical characteristics and degradability. 
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