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Abstract: Recently, the patient that requires bone replacement 

has increase, especially the patients who suffering from bone 
cancer, trauma and ageing. This attracts attention of researchers 
related to biomaterial fields to synthesis materials from 
biomaterials waste for bone tissue replacements. Hydroxyapatite 
was identified as a suitable source for bone substitution due its 
excellent bioactivity and biocompatibility. The strategies for tissue 
engineering include developing those cells to form the required 
tissue/organ in-vitro before inserting them into the body. This 
study is aimed to investigate In-Vitro properties of hydroxyapatite 
(HAp) specimens synthesize from the clamshells via precipitation 
method. HAp moulded specimen were immersed in the simulated 
body fluid (SBF). It displayed that the development of apatite 
layers materialized in the surface of HAp after being immersed for 
25 days in the 1.5SBF. 

   
Keywords—Hydroxyapatite, clamshell, In-Vitro, Simulated 

Body Fluids (SBF) 

I. INTRODUCTION 

 Hydroxyapatite  incorporates  a chemical  composition of 
Ca10(PO4)6(OH)2 known as an artificial biomaterial 
mimicking to the mineral part of natural bones and tissues in 
mammals and has the hexagonal crystalline structure. HAp 
has been wide employed in medical science, dental, drug 
delivery application [1]. HAp is resembles mineral bone and 
exhibit good biocompatibility. It is also promoting rapid bone 
regeneration wherever the bond generates without the 
necessity of intermediate connective tissues and frequently 
applied to reconstruct the hard tissue owing to its 
osteoconductive properties [2]. In current, interest in the 
synthesis of nanosized HAp with grain size less than 100nm 
has inflated owing to its high surface activity and increased 
bioresoption [3]. It is proved that the created HAp powder is a 
fine particle with nanosized and has purity which will 
establish as medical demand.  
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This invention provides an environmentally beneficial and 
price effective method of manufacturing medical grade HAp 
biomaterials utilizing clamshell waste. 

Recently, HAp has been successfully synthesized from 
natural waste material sources such as oyster shells [4], corals 
[5] eggshells and seashell [6]. Owing to high content of 
CaCO3 which is the important calcium source for the 
preparation of HAp [7]. However, the research on HAp from 
waste material of clamshells is still new and need more 
exploration. Hence, it has been inspired to investigate the 
possibility to produce HAp powder from waste material of 
clamshells since its sources are abundant and easily found in 
Malaysia.  

A revised SBF solution was proposed by Oyane et al. after 
considering the large concentration of calcium and 
magnesium which were bounded to proteins and hence 
inaccessible for apatite precipitation [8]. The composition of 
revised SBF solution contains 40% less calcium 
concentration and a 33% less magnesium concentration [9]. 
 The bioactivity testing using SBF has been widely used 
since 1987 due to ionic concentration similarity to chemical 
composition of blood [10]. Recently, the development of 
apatite on an immersed substrate in SBF media shows the 
potential and indicates its bone bonding ability in vivo [9]. 
Besides, the use of SBF for in vitro assessment to determine 
the bioactivity of artificial materials based on their 
apatite-forming ability, have been conducted worldwide. 
From the other side, SBF also has been utilized for the 
preparation of bioactive composites such as the 
mineralization of bone-like apatite on different substrates [8]. 
 Therefore, the main objective of this research is to 
stimulate the in vitro behavior of HAp specimen that 
synthesize from clamshell via precipitation method over the 
simulated body fluid (1.5 SBF).  

II. METHODOLOGY 

A. Synthesize the HAP via precipitation methods 

The precipitation method was employed to produce the HA 
powder from clamshells [11]. In order to eliminate any 
organic materials and to transform into CaO, the clamshell 
powder (CaCO3) was calcined for 3 hours at 8500C. The 
calcined powder (CaO) was then blended with boiled distilled 
water and cooled to room temperature. During the course, 
CaOH was developed due to exothermic reaction. The CaOH 
was then combined with low concentration of phosphoric to 
regulate the pH of the mixture to 6.5 by means of titration 
method.  
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Then, the solution of HAp was sifted and dehydrated in a 
furnace at 8500C with 50C/min of heating rate. 

B. Moulding specimen 

The preparation of specimen was started by commixture 
the synthesize HAp powder with starch and ball-milled for 48 
hours. Then, add drop-wise of Triton-X 100 with the HAp 
powder for feedstock preparation. After that, injection press 
method was applied to produce specimen with dimension of 2 
cm diameter. Next, the moulded specimen were dried at 80°C 
for a few hours using oven and sintered for two hours by using 
furnace at 1000°C [12].  

C. Preparation of Simulated Body Fluids (SBF) 

Simulated body fluid (SBF) which was develop by Kokubo 
and his colleagues has similar inorganic ion concentrations to 
the human blood plasma [10, 13]. This fluid employed in this 
analysis to boost formation of apatite layer on HAp 
biomaterial. Besides that, it is used for coating of apatite on 
varied materials underneath biomimetic conditions. 

In this study, the SBF was prepared accordingly to [10, 13]. 
The pH of SBF was altered to pH 7.25 at 35.6°C by utilizing 
50 mmol/dm3 of tris(hydroxymethyl)aminomethane and 
roughly 45 mmol/dm3 of HCl. 1.5SBF was chosen in this 
research for immersion of HAp pellets as has greater ion 
concentrations.  

For pH adjustment, the pH  were measured  as  the 
temperature of solution is at 36.5°C using calibrated pH meter 
until the pH changed to  7.25. Therefore, the solution should 
be titrated with 1 kmol/m3 HCl solution with pipette and 
transferred to 1000 mL volumetric flask. The inside of the 
beaker was washed with ultra-pure water for a few times and 
the solution was added to the flask, before further addition of 
ultra-pure water to keep the total volume of 1000 mL solution. 
The flask was kept at room temperature until its temperature 
should be just about 20°C. Then, the flask was shaken well. 
Finally, the polyethylene bottle of 1000 mL was rinsed with 
some of the prepared solution (SBF) for at least three times. 
Then, the solution should be transferred from flask to the 
polyethylene bottle. After that, the bottle of the solution was 
stored in the refrigerator at 5°C– 10°C.  

D. In-Vitro Analysis 

The HAp specimen were immersed in 50 mL SBF at 37°C 
for a period up to 25 days [1]. When the immersion periods 
finish, the sample were removed from the SBF solution by 
filtration then gently rinsed with 50 mL distilled water and 
followed by 20 mL ethanol [3]. Then, the sample were dried 
and characterised using Field Scanning Electron Microscopy 
(FESEM) and Fourier Transform Infrared Spectroscopy 
(FTIR). 

III. RESULTS AND DISCUSSSION 

Fig. 1 shows the FESEM image for HAp powder 
synthesized from clamshell via precipitation methods. The 
particle size of synthesized HAp was smaller than commercial 
HAp and therefore has greater surface area. The increment of 
surface area rises the friction in powder mass, providing less 
efficient flow and packing. The surface texture of synthesized 
HAp appeared in rough agglomeration and irregular size 
distribution, due to the powder form which impact the force 
resisting among particles [14]. 

 
(a) 

 

 
                           (b) 

Fig. 1: FESEM of a) commercial HAp, b) synthesized 
HAp at 8500C 

 
Fourier transform infrared spectroscopy (FTIR) was utilized 
to characterized the functional groups of hydroxyapatite 
(HAp) Ca10(PO4)6(OH)2 obtained from natural resources. Fig. 
1 and Fig. 2 show the FTIR spectrum of synthesized HAp 
from clamshells before and after immersion in 1.5SBF 
respectively. The spectrum was recorded within the 
wavenumbers of 515 - 4000 cm-1. The representative FTIR 
spectrum shows all characteristic absorption peaks of HAp. 
The primary indication for formation of HAp is within the 
form of a strong complex broad FTIR band targeted at about 
1000 - 1300 cm-1 as a result of uneven stretching mode of 
vibration for PO4

3- group [15]. In Fig. 1, the FTIR spectrum of 
HAp can be identified by its characteristic band of phosphate 
group, PO4

3- at 1029, 1053, 1109 and 1159 cm-1. While, in 
Fig. 2 the phosphate group was found in HAp at 1047, 1107, 
1160, and 1239 cm-1. The crystalline HAp powder generates 
two characteristic stretching modes of O-H bands which is 
notice in FTIR spectrum of HAp at 3336 cm-1 and 2900 cm-1 
by referring to the Fig. 1. While, in Fig. 2 O-H bands found at 
3336, 2945 and 2916 cm-1.  The carbonate group can be found 
at 1314 cm-1 at Fig. 1 while in Fig. 2 at 1365 and 1397 cm-1. 
Therefore, the intensity in HAp spectrum increased from 
104.7 %T to 113.4 %T after immersion in 1.5SBF compared 
to before immersion is proved the formation of apatite layer.  
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Fig. 2: FTIR spectrum of synthesized HAp from 

clamshells before immersion in 1.5SBF  

 

 
Fig. 3: FTIR spectrum of synthesized HAp from 

clamshells after immersion in 1.5SBF for 25 days. 

 
FESEM was performed in order to observe the surface 

morphology of HAp specimen after 25 days of SBF 
immersion. The comparison between moulded HAp specimen 
before and after immersion into SBF was shown in Fig. 4 and 
5. 
 

 

 
           

 
     (b) 

Fig. 4: (a) SEM image of moulded HAp specimen 
before immersion in SBF, (b) EDX Spectrum of HAp 

specimen before immersion in SBF 

 From Fig. 4 (a) and (b), the HAp specimen showing smooth 
and dense surface, while the existence of compositional 
elements of Hap were detected by EDX. Fig. 5 (a-b) show the 
morphology from the FESEM image and 5 (c) shows the EDX 
analysis of HAp after immersion in SBF solution for 25 days. 
After 25 days of incubation in SBF, the HAp specimen was 
observed to have highly porous hemispherical globules. 
Results suggested that the deposition of porous 
interconnected dense apatite layer using SBF was formed in 
this study. 

The composition and percentage of each elements is shows 
in the Table1. It shows that the ratio of Ca/P is 2.43 which is 
higher that the theoretical value which is 1.67. According to 
Omer et. al. [16] reported that the Ca/P molar ratio higher 
than the value of 1.67 is B-type carbonated apatite which is 
carbonates occupy the phosphate sites.  

           
                                             (a) 

          
                                            (b) 
 

(a) 
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                                           (c) 

Fig. 5: SEM image of moulded HAp specimen before 
immersion in SBF at (a) high magnification, (b) low 

maginification and (c)  EDX Spectrum 

 
Table I: EDX micrograph of HAP specimen after 

immerse in SBF 
Element  Apparent 

Concentratio
n  

k Ratio  Wt%  Wt%  Standard 
Label  

Sigma  

C  123.79 
1.2379

2 64.01 0.17 C Vit 

O  60.38 
0.2031

8 27.08 0.16 SiO2 

Na  4.78 
0.0201

6 1.08 0.03 Albite 

P  9.5 
0.0531

4 1.71 0.03 GaP 

Cl  6.81 
0.0594

7 1.88 0.03 NaCl 

K  0.3 
0.0025

6 0.08 0.02 KBr 

Ca  15.11 
0.1349

9 4.15 0.05 
Wollaston

ite 
Total:      100     

 
After gestation in SBF, HAp specimen hastens the course 

of mineralization in the area for genuine bone material on 
useful investigations. Energy Dispersive X-ray examination 
of the HAp specimen in SBF after 25 days exhibited the 
existence of elements Ca, P, O as well as C, Na and Cl. The 
major peaks due to Ca, P, and O corroborated the growth of 
calcium phosphate layer on the HAp surface, as presented in 
Fig. 5(c). 
 When a substance is gestated in SBF solution, the creation 
of apatite layer on the surface of pellet progresses through a 
sequence of chemical reactions like spontaneous 
precipitation, nucleation and growth of calcium phosphate 
[12]. It has been advocated that surface chemistry performs a 
crucial role in this course and even the working groups of 
materials have a big effect on the bone bonding property. As 
stated earlier, the HAp structure entails of Ca, PO4, and OH 
groups tightly packed together.   
 The negativity of HAp surface is highly depend on the OH− 
and PO4

3− groups while the positivity of HAp is depend on 
Ca2+ ions. The procedure of apatite formation mostly rests on 
negative group, which in turn hinge on the large number of 
negative ions (i.e. OH− and PO4

3−) on the surface. During 
gestation period, the positive Ca2+ ions from SBF are drawn 
by the OH− and PO4

3− ions present on HAp surface. 
Consequently, the surface acquires positive charge with 
respective to the surrounding SBF and further entices the 

negatively charged OH− and PO4
3− ions from the SBF. This 

directs to the establishment of the apatite layer [12]. 
After the immersion periods, the solution was analysed by 

spectrophotometer to detect calcium ions at λ = 570 nm and 

phosphorus ions concentration at λ = 675 nm. To confirm the 

value the average value was taken. Therefore, each test was 
repeated three times. Thus, the average value obtained before 
immersion for calcium ions is 0.199 and phosphorus ions is 
0.134. While, the average value obtained after immersion for 
calcium ions is 0.012 and phosphorus ions is 0.009. Thus, it 
shows that the concentration after the immersion is decreased. 

IV.  CONCLUSIONS 

Characteristic of the absorption bands registered and outlined 
by FTIR spectroscopy ensure the formation of new apatite 
layer throughout the bone repair process of HAp composite in 
the simulated body fluid (1.5SBF) by showing the intensity of 
HAp bands such O-H, phosphate and carbonate groups. The 
formation of apatite layer on the surface of HAp specimen 
after immersion in the 1.5SBF solution.   
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