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 Abstract: Hydroxyapatite (Ca10(PO4)6(OH)2, HAp) is a calcium phosphate-based 
biomaterial that is widely used in bone implants due to its similarity in composition with 
the constituent elements of bone. However, HAp still has poor mechanical properties, so 
research was carried out to improve the mechanical properties such as reduced 
brittleness, less fracture resistance, and a denser structure of HAp by synthesizing 
composites with PEG. This study used PEG as a filler and HAp as a matrix. HAp was 
synthesized from blood clam shells (Anadara granosa) using the sol-gel method. HAp-
PEG composite was synthesized using the in-situ method with various HAp 
concentrations of 40, 50, 60, 70, and 80%. FTIR characterization showed the presence of 
functional groups PO4

3− and CO2
3−, which indicated the presence of HAp. Analysis of the 

XRD pattern showed a crystal size of 24.194 nm. SEM-EDX showed the needle-shaped 
HAp-PEG composite HAp crystal morphology and obtained a Ca/P ratio of 1.87. 
Analysis of DTA results showed a weight loss of 65.72% in the composite at a 
temperature > 200 °C. A degradation test was also carried out to see the percentage of 
the HAp-PEG composite to be degraded, and the optimum degraded composite with 
increasing days had a concentration of 70%. 
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■ INTRODUCTION 

According to the Pharmaceutical and Medical 
Technology Center (PTFM), BPPT needs around 120,000 
bones each year with a value of around Rp 600 billion. 
Based on data from the statistics center in 2018, bone 
implants needed in Indonesia are around Rp 27 trillion, 
and this data has continued to increase since 2016. This 
report shows that Indonesia's need for bone implants is 
very high. As a complex system and the most important 
constituent part of the human body, which consists of 
hydroxyapatite (HAp) and type 1 collagen fibrils (70% 
HAp, 20% collagen, and 10% water), if there is damage to 
the bone, it needs to be repaired [1-2]. 

One way to overcome this problem is to use bone 
graft material to replace bone. One of the requirements 
for the replacement material in human bones is that it is 
biocompatible. It does not cause a rejection reaction from 

the human immune system because it is considered a 
foreign object [2-3]. Bioceramic material that is often 
used in biomedical applications is synthetic HAp, 
Ca10(PO4)6(OH)2, as bone graft material [3]. Due to the 
similarity of composition and mineral phase in bone, 
having excellent biocompatibility, ability to assist cell 
function, and osteoconductivity, HAp is used as one of 
the alternative materials for bone graft material [4]. 

HAp is a bioceramic material with strong chemical 
bonds, bioactive with high bioaffinity [5-6]. Calcium 
phosphate is the main constituent of HAp, also contained 
in bone. HAp, as a biomaterial, can be synthesized from 
various sources, including limestone, eggshells, shells, or 
bones. This study synthesized HAp from blood clam 
shells (Anadara granosa) with a CaCO3 content of 97–
99%. Clams are marine biota that lives in mud or on the 
sand of the ocean. Indonesian people consume blood 
clams shells as culinary food and handicrafts. The 
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processing of blood clam shell waste is limited, so the 
clams shell waste is increasing and accumulating. Based 
on previous research, the blood clams shells have the main 
content of CaCO3 as a source of calcium oxide. The results 
of Insani et al.’s research [7] stated that the CaO content 
in blood clams shells was 98%, and the phase with an 
intensity of 26° and crystal size of 7.79 nm. 

HAp as a bone implant material still has several 
weaknesses, namely its low mechanical properties. 
According to Ryabenkova et al. [8], an essential condition 
for a material to be substituted for bone is its ability to 
bind to living bone or its host in the body. Therefore, to 
adjust its properties such as biocompatibility, mechanics, 
and solubility to control the composition, as well as the 
morphology, organic changes were carried out such as the 
use of organic compounds in bone implants, one of the 
methods carried out in this study was the synthesis of 
HAp composites with polyethylene glycol (PEG) [9]. HAp 
binds directly through the natural bone conversation 
mechanism so that it can accelerate bone formation on the 
implantation surface, but it is fragile. Then it needs to be 
compiled with biopolymers such as PEG, which is a 
biocompatible flexible, hydrophilic polymer, nontoxic, 
and has high tenacity and toughness [10]. In addition, 
PEG also has corrosion resistance and good chemical and 
thermal stability. However, PEG also has the disadvantage 
of having low thermal conductivity. For this reason, the 
synthesis of HAp-PEG composite is expected to increase 
the advantages of PEG and HAp so that a composite is 
formed with the ability as a suitable bone implant material 
and can be applied in the medical world. 

Previous research found that using PEG as a 
composite material with HAp significantly affected 
particle size; the particle size of HAp decreased with 
increasing concentration of PEG in the composite. In 
addition, it was also found that there was a higher 
absorption rate than with the use of HAp alone. The 
temperature of the synthesis also influences the use of 
PEG as a composite with HAp because the nature of PEG 
is volatile, and when heated, it hardens quickly. Still, at 
room temperature, it becomes soft again [11-12]. This 
paper reports that HAp-PEG composite with a 
concentration of 70 wt.% has more optimum results in 

terms of degradation ability compared to other 
concentrations, has a hexagonal structure and a crystal 
size of 24.194 nm, and had needle-shaped crystals, 
indicating the presence of HAp and agglomerated PEG 
crystals. 

■ EXPERIMENTAL SECTION 
Materials 

The materials used in this study were blood clam 
shells collected from the beach, ammonium hydroxide 
NH4OH (Merck), diammonium hydrogen phosphate 
NH2HPO4 (Merck), nitric acid HNO3 p.a (Merck), PEG 
6000, Phosphate-buffered saline (PBS, pH = 7.4), filter 
paper, and aquadest. 

Instrumentation 

The tools used in this research are mortar, pestle, 
grinder (Fritsch Pulveristte 16), furnace (Thermo 
Insight), hot plate, analytical balance, aluminum foil, 
oven (Labtech), pH indicator, and the necessary 
laboratory glassware. The characterization tools used are 
FTIR (FTIR Spectrometer Frontier PerkinElmer), XRD 
(PANalytical X’Pert PRO), DTA (Shimadzu dtg-60 & 
Shimadzu ta-60), and SEM EDX (Thermofisher Quatro 
S). 

Procedure 

Preparation of CaO powder 
The blood clam shells (1.6 g) were cleaned, washed, 

dried, and ground using a grinder. The mashed blood 
clam shells were then calcined for 5 h at 900 °C to obtain 
CaO powder [13]. 

HAp synthesis using sol-gel method 
A total of 4.2 g of CaO powder was dissolved in 

75 mL of 2 M HNO3, then stirred using a stirrer at a 
temperature of 65 °C for 15 min at a speed of 250 rpm; 
the Ca(NO3)2 solution formed was then filtered. The 
Ca(NO3)2 filtrate was added with NH4OH solution until 
pH 10 was obtained and sol of Ca(OH)2 was formed. The 
Ca(OH)2 sol that has been received is then added drop 
by drop, a 250 mL solution of 0.18 M (NH4)2HPO4, then 
heated at 60 °C while stirring using a stirrer for 5 h to 
form a HAp sol. The HAp sol was then aged for 24 h to 
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create a gel. The HAp gel was then filtered, then dried 
using an oven for 5 h at 110 °C [4]. 

Synthesis of HAp-PEG in-situ 
A total of 4 g of PEG was dissolved in 15 mL of 

distilled water and stirred using a stirrer. In a separate 
container, 1.6 g of CaO is dissolved in 28 mL of 2 M 
HNO3; check the pH of the solution. The dissolved CaO 
is then added to the PEG solution and stirred using a 
stirrer until homogeneous. After being homogeneous, 
this solution was added to the PEG solution while still 
being mixed, and then checked the pH and added NH4OH 
to pH 10. A total of 2.2583 g (NH4)2HPO4 is dissolved with 
NH4OH and then mixed; the homogeneous solution is 
added dropwise into the previous solution then, check the 
pH of the solution and adjust the pH to pH 10 by adding 
NH4OH. After all, were dissolved, they were heated using 
an oven at a temperature of 60 °C for 24 h. Heating using 
an oven at a temperature of 60°C because if it is more than 
60 °C, it will cause damage to the HAp-PEG composite 
product that has been formed. The same thing was done 
for variations in the concentration of HAp on this HAp-
PEG composite, with variations in concentrations of 40, 
50, 60, 70, and 80% [11,14]. 

Preparation PBS solution pH 7.4 
As much as 8 g of NaCl, 2.38 g of NH2HPO4, and 

0.19 g of KH2PO4 were dissolved in distilled water until 
the volume is 1 L, then the pH of the solution was 
measured using a pH meter, and 0.1 M NaOH was added 
into the solution so that the pH reaches 7.4 [12,15]. 

Characterization 
The product was characterized using an FTIR tool 

to identify the functional groups of the synthesized 
composite with measurements in the wave number range 
of 400–4000 cm−1. XRD tool to determine the structure 
and crystal size of the synthesized HAp-PEG composite. 
SEM-EDS tool to determine the surface morphology and 
determine the Ca/P ratio in the resulting product. DTA 
tool to determine weight changes in composites related to 
changes in combustion temperature. The degradation test 
was carried out by immersing the product in a PBS 
solution for 14 d, and the product was weighed once every 
2 d periodically within that period [16]. 

■ RESULTS AND DISCUSSION 
Effect of HAp Concentration on HAp-PEG 
Composites 

Effect synthesis of the HAp-PEG composite was 
carried out with various concentrations of 40, 50, 60, 70, 
and 80%, so there were some differences in the resulting 
product as seen in Table 1. The resulting product is 
generally white in the form of plates before being heated. 
The product in the form of a white gel indicates that 
HAp has been formed in the composite. 

Preparation of CaO from Anadara granosa 

HAp (Ca10(PO4)6(OH)2) was synthesized from A. 
granosa, because of the high CaCO3 content, which was 
as much as 98.7%. CaCO3 contained in this A. granosa is 
the primary source of calcium in the synthesis of HAp. 
The cleaned and mashed A. granosa were then calcined 
at 900 °C for 5 h. This calcination process aims to 
remove organic compounds and reduce CaCO3 
compounds; during this calcination process, a 
decomposition reaction also occurs, where CaCO3 
become CaO as presented in Eq. (1) [17]. 

3(s) (s) 2(g)Blood clam shell CaCO CaO CO    (1) 

Analysis of HAp Synthesis Results and HAp-PEG 
Composites 

HAp was synthesized using the sol-gel method. 
The calcined CaO was dissolved with HNO3 to 
precipitate unnecessary compounds and form nitrate 
salts. The solution is then stirred until homogeneous so 
that unnecessary metals can be dissolved; the reaction is 
presented in Eq. (2). 

(s) 3(aq) 3 2(aq) 2 (l)CaO 2HNO Ca(NO ) H O    (2) 
Then NH4OH was added to the Ca(NO3)2 solution 

to form a Ca(OH)2 sol with a pH of 10; pH 10 is the 
optimum pH for HAp formation. Sol Ca(OH)2 then added 
a solution of (NH4)2HPO4 to form a white gel. The reaction 
for the formation of HAp is presented in Eq. (3) [8]. 

3 2(aq) 4 2 4(aq) 4 (aq)

10 4 6 2(s) 3(aq) 2 (I)

10Ca(NO ) 6(NH ) HPO 8NH OH
Ca (PO ) (OH) 20HNO 6H O

 

  
 (3) 

The HAp-PEG composite was synthesized with 
several variations of the concentration of HAp as a matrix 
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Table 1. Effect of HAp concentration on HAp-PEG composite with various concentrations of 40, 50, 60, 70, and 80% 
Concentration 

variation 
Observation 

before heating 
Picture Observation 

after heating 
Mass 

(g) 
Picture 

40% Gel form and 
white 

 

Formed a solid that breaks 
easily but is soft, and there 
are few cracks 

15.4732 

 
50% Gel form and 

white 

 

A solid is formed which 
breaks easily, and there 
are more cracks on the 
composite surface 

16.9764 

 
60% Gel form and 

white 

 

Formed solids that break 
easily, dry, and quite hard 

18.8505 

 
70%  Gel form and 

white 

 

Formed a solid that breaks 
easily, dry there are many 
cracks on the surface, but 
hard 

19.5421 

 
80% Gel form and 

white 

 

Formed solids break 
easily, dry, and have many 
cracks on the surface 

19.7893 

 
 
on PEG. Concentration variations used were 40, 50, 60, 
70, and 80%, chosen to see the HAp concentration's effect 
on the composite formed with the addition of PEG. The 
analysis showed that the variation of the concentration of 
HAp 70 wt.% on the HAp-PEG composite showed 
optimum results [10]. 

HAp-PEG Composite FTIR Analysis 

The results of the FTIR analysis of the HAp-PEG 
composite for various concentrations of HAp 40, 50, 60, 
70, and 80%, as well as pure PEG, are shown in Fig. 1. Fig. 
1 shows the FTIR spectrum analysis in the wave range 
400–4000 cm−1. Based on the FTIR spectrum results, the 
absorption occurs at wavenumbers 1027, 1030, 1031, and 
1032 cm−1 at each concentration (40, 50, 60, 70, and 80%) 
which indicates the presence of phosphate vibration. In 
addition, apatite carbonate also showed absorption at wave 
numbers of 1430 and 1433 cm−1. FTIR analysis showed 
that there were characteristics of typical absorption of 
HAp, namely phosphate, carbonate, and –OH, which were 
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Fig 1. FTIR Spectrum of HAp-PEG composite with 
various concentrations of 40, 50, 60, 70, and 80 wt.% and 
PEG 6000 

formed by marked PO4 and PO3 vibrational peaks from 
PO4

3−, the appearance of CO vibrational peaks from CO2  
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and the presence of –OH absorption bands [3,8,11]. 

HAp-PEG Composite X-Ray Analysis 

The results of the X-ray analysis on the HAp-PEG 
composite with a concentration of 70 wt.% are shown in 
Fig. 2. Fig. 2 shows the diffraction pattern of HAp; the 
diffraction pattern of HAp formed follows the diffraction 
standard of HAp (ICSD #97849). XRD results prove the 
presence of HAp in the HAp-PEG composite. In addition 
to the diffraction pattern of HAp, this X-ray analysis also 
shows the diffraction pattern of PEG; this is due to the 
formation of HAp-PEG composite so that the crystallinity 
of PEG decreases [18]. 

Scherrer's calculations can determine the crystal size 
of the formed HAp-PEG composite. 

kL
 cos



 

 (4) 

With the description, L is the crystal size (nm); k is 
a constant (0.9); λ is the X-ray wavelength; β is FWHM 
(Full Width at Half Maximum) at 2θ (phi 180); θB is the 
Bragg angle [7,19]. Based on the Scherrer equation, it is 
known that the crystal size of HAp in 70% HAp-PEG 
composite is 24.194 nm. 

HAp-PEG Composite SEM-EDS Analysis 

The results of the surface morphology analysis of 
the HAp-PEG composite with a concentration of 70% 
magnification of 40,000× are shown in Fig. 4. Fig. 4 
shows the surface morphology of the HAp-PEG 
composite with  needle-shaped  crystals,  indicating HAp  
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Fig 2. (a) X-ray diffraction of HAp. (b) X-ray diffraction pattern of HAp-PEG composite with a concentration of 
70 wt.% 

 
Fig 3. Composition of 70 wt.% HAp-PEG composite through EDS analysis 
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Fig 4. Surface morphology of 70 wt.% HAp-PEG composite on SEM characterization (a) 10,000× magnification  
(b) 20,000× magnification (c) 30,000× magnification (d) 40,000× magnification 
 
crystals with particles size 5.1 nm. The results shown 
related to the morphology of the HAp-PEG composite 
can be influenced by the temperature when carrying out 
the reaction and the temperature during drying, pH, and 
the concentration of HAp and PEG in the composite. 

To determine the Ca/P Ratio in HAp-PEG 
composites through SEM-EDS measurements. The 
composition of the compound in the HAp-PEG 
composite can be seen in Fig. 3. The compounds 
contained are C, O, Ca, and P, with the Ca/P ratio value 
obtained through the EDS measurement of 1.87. The 
value of the Ca/P ratio obtained is greater than the 
theoretical Ca/P ratio of 1.67; this indicates that more 
calcium phosphate is formed than pure Hap [7,19-21]. 

TGA-DTA Analysis of HAp-PEG Composites 

The Hap-PEG composite 70% was analyzed using 
TGA-DTA at a temperature of 0–900 °C, which can be 
seen in Fig. 5. The results of the TGA-DTA analysis 
shown in the temperature range of 50–100 °C resulted in 
a mass reduction of 8.52% accompanied by an 

endothermic reaction as shown in Fig. 5 shown on the 
DTA chart. Then at a temperature of 200–340 °C, a 
significant mass reduction occurred as much as 65.72% 
and was indicated by an exothermic reaction in a very 
sharp DTA pattern. The reaction is thought to occur due 
to the decomposition of organic compounds PEG used in 
the study. While at a temperature of 340–400 °C, a mass 
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Fig 5. Results of TGA/DTA analysis of HAp-PEG 
composite 70% at a temperature of 0–900 °C 
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Fig 6. Percent degradation of (a) HAp-PEG composites and (b) PEG with increasing days 

 
reduction is not as significant as 0.31%, accompanied by 
an endothermic reaction. At temperatures over 400 °C, no 
mass loss was identified, resulting in a total mass 
reduction of 74.55% [22-23]. 

Degradation Test 

The ability to form HAp-PEG composite 
composition on bone was evaluated by immersing it in 
SBF solution for 14 d. This test can be seen in Fig. 6. Fig. 
6 shows a graph of the percent degradation of the HAp-
PEG composite. The X-axis shows the degradation 
testtime of 14 d and is weighed every 2 d, and the Y-axis 
is the percent degradation. The degradation graph shows 
the highest proportion of degradation values on the 
second day, where the weight reduction was significant 
and on the following day, there was a decrease in weight, 
and the degradation values slowly then remained constant 
on the 10th day. The percentage of weight loss in the 
composite is in line with the increase in PEG. This is in 
line with the faster degradation test on PEG, as shown in 
Fig. 6. This indicates that PEG, which is degraded first on 

the surface of the HAp-PEG and HAP composites, helps 
inhibit degradation [24-25]. The interface is a space for 
water and solvent. High concentrations of HAp will 
cause an increase in the interface and degradation 
values. 

Measurement of the percentage of degradation of 
the HAp-PEG composite can be determined by 
following the following equation: 

d

0

W
D(%) 100%

W
   (5) 

with the explanation that W0 and Wd are the percentages 
of combined weight before and after degradation [9,15]. 

■ CONCLUSION 
The research results concluded that the HAp 

composite from blood clam shells (Anadara granosa) 
with PEG had been successfully synthesized using the in 
situ method. HAp-PEG Composite with a concentration 
of 70 wt.% has more optimum results in terms of 
degradation ability compared to other concentrations; 
this is seen from the results of the FTIR measurements 
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that have been obtained. HAp-PEG Composite 70 wt.% 
has a hexagonal structure and a crystal size of 24.194 nm 
according to ICSD #97849 standard. SEM-EDX 
characterization showed that the HAp-PEG composite 
sample had needle-shaped crystals, indicating the 
presence of HAp and agglomerated PEG crystals. The 
TGA/DTA analysis results showed a weight loss of 65.72% 
HAp-PEG composite at a temperature higher 
than 200 °C. The use of PEG for HAp composites also 
affects the mechanical properties of HAp, such as reduced 
brittleness, less fracture resistance and a denser structure, 
meanwhile, if HAp is disturbed it tends to be brittle and 
easily broken. Still, it does not entirely change the 
characteristics of HAp, the modification with PEG 
influenced the physical properties and water adsorption. 
HAp composites with PEG have the potential to be used 
as biomedical implant materials. 
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