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Hydroxyapatite (HA), a calcium phosphate-based bioceramic, is widely 

recognized for its excellent biocompatibility and bioactivity, making it suitable 

for biomedical applications. This study aims to synthesize HA from waste bones 

of the pleco fish (Hypostomus plecostomus), a natural source of calcium and 

phosphate that is underutilized in West Sumatera. The synthesis was conducted 

through calcination at 900 °C followed by mechanical refinement using ball 

milling for 3, 6, and 9 hours. X-ray diffraction (XRD) analysis confirmed the 

formation of crystalline HA with dominant peaks at 25.9°; 31.8°; and 32.9°, 

which remained stable across all milling durations. Scanning electron 

microscopy (SEM) revealed morphological transformation from coarse 

aggregates to more rounded particles, with increased agglomeration at longer 

milling times. Particle size analysis showed the smallest average particle size 

(3.03 µm) after 3 hours of milling, which increased to 4.29 µm at 6 hours due 

to agglomeration, and slightly decreased to 3.91 µm after 9 hours. Fourier 

transform infrared spectroscopy (FTIR) detected characteristic OH⁻, CO₃²⁻, and 

PO₄³⁻ functional groups. Elemental composition analysis indicated a Ca/P 

atomic ratio approaching the stoichiometric value of 1.67, with the highest Ca 

and P content achieved after 6 hours of milling. These results suggest that pleco 

fish bones can be effectively converted into biogenic HA with promising 

potential as an eco-friendly and cost-efficient biomaterial for biomedical 

applications. 
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1. INTRODUCTION 

There Hydroxyapatite (HA), the main organic 

component of bone and teeth, has been extensively 

applied as a biomaterial due to its excellent 

biocompatibility and bioactivity. HA can be 

synthesized from various organic sources, such as 

fish bones [1]–[6], bovine bone [7]–[9], pig bone 

[10], [11], seashells [12], [13], eggshells [14]–[18], 

snail shell [19]. Several synthesis methods have 

been employed to produce HA, including 

calcination [4], [20]–[23], hydrothermal [24], [25], 

sol-gel [26]. The stoichiometric Ca/P ratio of HA is 

1.67, which resembles the Ca/P found in natural 

bone and teeth [27]. HA derived from organic 

sources contains trace elements such as Zn, Mg, Al, 

Sr, K, and Na, which are known to support and 

enhance bone regeneration [28]. 

 

The pleco fish, a freshwater species widely 

distributed across Indonesia, is generally 

underutilized, particularly in West Sumatera, where 

it is often discarded as waste. This presents both an 
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environmental challenge and an opportunity for 

resource recovery. The utilization of the pleco fish 

bones as a raw material for HA synthesis serves as 

a sustainable strategy to reduce organic waste and 

lower dependency on imported HA. Fish bones are 

rich calcium and phosphate, making them a 

promising natural source for HA production. 

Furthermore, the use of such organic waste offers a 

cost-effective alternative to conventional synthetic 

routes. 

 

Therefore, this study aims to synthesize HA from 

pleco fish bones through a calcination method,  

followed by mechanical refinement using a ball 

milling process. The effect of different milling 

durations on the particle size of resulting HA 

powder is evaluated to obtain optimal 

characteristics for potential biomedical 

applications. 

2. MATERIALS AND METHODS 

2.1. Materials 

The pleco fish were collected from a river located in 

Padang, West Sumatera, Indonesia. Analytical 

grade aceton (98%), ethanol, and distilled water. 

Zirconia balls with a diameter of 5 mm were used 

as the milling media.  

 

2.2. Methods 

The Pleco fish was boiled for 90 minutes to separate 

the bones from the soft tissues. The extracted bones 

were subsequently immersed in aceton for 24 hours 

to eliminate residual organic matter. The bones 

were thoroughly washed and dried in the sunlight. 

The bones were ground using a blender to obtain a 

coarse powder. The powder was calcined in an IFU 

Muffle Furnace at 900 ºC with a heating rate of 10 

ºC/min and a holding time of 3 hours. The calcined 

bone powder was allowed to cool to room 

temperature within the furnace. The calcined bone 

was manually ground to a particle size of 63 µm 

using a mortar and pestle.  The powder was further 

milled using a Planetary Mill Pulverisette 6 Classic 

Line with a 250 mL jar and 5 mm zirconia balls. The 

ball-to-powder weight ratio was 10:1, and milling 

was performed at a rotational speed of 150 rpm with 

time variations of 3, 6, and 9 hours.  

 

The phases formed during the calcination process 

were characterized using X-ray diffraction (XRD, 

PANalytical, Type PW3040/60, Netherlands). The 

X-ray diffractometer operated with a Cu Kα anode 

(λ=1,54060 Å, 2θ= 10-100º), 40 kV, and 30 mA. 

Fourier Transform Infrared Spectroscopy (FTIR) 

was employed to identify the functional groups 

present in the hydroxyapatite (HA) powder. 

Scanning Electron Microscopy (SEM) was utilized 

to observe the particle morphology of HA, and a 

Particle Size Analyzer (PSA) was used to determine 

the particle size of HA. 

3. RESULTS AND DISCUSSION  

3.1. X-ray Diffraction Result 

 

 Figure 1. XRD characterization of HA powder a) 

Standard HA ICSD 157481, b) RFB, c) 900 ºC, d) 

900 ºC (3h), e) 900 ºC (6h), f) 900 ºC (9h) 

 

Fig.1. X-ray diffraction (XRD) patterns illustrate 

the phase differences among raw fish bone (RFB), 

fish bone powder after calcination at 900 ºC, and 

ball milling for 3, 6, and 9 hours. Based on the 

standard for HA, the main diffraction peaks are 

located at 25.9º; 31.8º; and 32.9º. Before the 

calcination process, raw fish bone (RFB) exhibited 

low-intensity peaks, indicating the presence of an 

amorphous phase, particularly at 25.9º and 31.9º. 

After calcination at 900 ºC, the intensity of the HA 

peaks increased significantly, suggesting the 

decomposition of organic components. The main 

diffraction peaks of fish bone powder calcined at 

900 ºC before ball milling were observed at 25.8º; 

31.7º; and 32.8º. The main diffraction peaks of fish 

bone powder after ball milling were consistently 
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observed at 25.9º; 31.8º; and 32.9º. These peaks 

remained stable regardless of the milling duration 

(3, 6, and 9 hours), indicating that the ball mill 

process did not significantly affect the HA phase 

 

3.2. Surface Morphology of HA Powder 

 

Figure 2. SEM of HA powder at different 

processing stages: (a) Raw Fish Bone (RFB) at 

100× magnification; (b) Calcined at 900 °C at 500×; 

(c) Ball milled for 3 hours at 500×; (d) Ball milled 

for 6 hours at 500×; (e) Ball milled for 9 hours at 

500× 

 

Fig.2. SEM images showing the morphological 

evolution of hydroxyapatite (HA) powder derived 

from pleco fish bone. (a) Raw fish bone (RFB) 

before calcination, showing coarse agglomerates; 

(b) After calcination at 900 °C, the powder begins 

to separate but remains rough; (c) After 3 hours of 

ball milling, the particles are more spherical with 

relatively uniform size distribution; (d) After 6 

hours of ball milling, partial spherification and 

agglomeration are observed; (e) After 9 hours of 

ball milling, the particles appear rounded, but 

agglomeration increases due to extended milling 

time. 

 

3.3. Particle Size of HA Powder 

Fig.3. presents the particle size and size distribution 

of hydroxyapatite (HA) powder analyzed using a 

Particle Size Analyzer (PSA). The calcination of 

Pleco fish bone powder at 900 °C resulted in an 

average particle size of 3.7216 µm. The d10 value 

of 2.0627 µm indicates the emergence of fine 

particles during the heating process. 

After ball milling for 3 hours, the particle size was 

reduced to 3.0304 µm. Interestingly, samples 

subjected to 6 and 9 hours of ball milling exhibited 

particle sizes of 4.293 µm and 3.913 µm, 

respectively. The d10 value for the 3-hour milled 

sample was 0.6233 µm, indicating that 10% of the 

particles were below this size—evidence of very 

fine particles. The d50 value of 6.3861 µm shows 

that 50% of the particles were smaller than this size, 

representing the most common particle size in the 

sample. Meanwhile, the relatively high d90 and d99 

values of 9.1026 µm and 9.9081 µm, respectively, 

suggest the presence of larger particles in the 

distribution. 

 

 
Figure 3. Particle size and distribution of HA 

powder. 

 

During the 6-hour ball milling process, the d10 

value increased to 3.8175 µm, indicating that the 

smallest particles in this sample were larger than 

those obtained after 3 hours of ball milling. This 

increase is attributed to the agglomeration of fine 

particles. The d50 value was 6.9606 µm, showing 

that 50% of the particles had sizes below this value, 

which is also larger compared to the 3-hour milling 

sample. The relatively high d90 and d99 values—

9.2857 µm and 9.9272 µm, respectively—further 

indicate the presence of larger particles in the 

sample, also caused by agglomeration. Extended 

ball milling for 6 hours likely led to the re-

agglomeration of previously formed fine particles 

due to continuous mechanical energy input. This 

agglomeration caused smaller particles to adhere 

and merge into larger aggregates, resulting in an 

overall increase in particle size. 
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After 9 hours of ball milling, the d10 value was 

relatively small at 0.9293 µm, indicating that 10% 

of the particles were smaller than this size, 

suggesting the presence of very fine particles. The 

d50 value was 6.0813 µm, showing that 50% of the 

particles had sizes below this value, which is 

smaller than that observed in the 6-hour ball milling 

process. Although the d90 and d99 values remained 

relatively high, indicating the presence of larger 

particles in the sample, these values were lower 

compared to those obtained after 6 hours of milling. 

This suggests that prolonged milling reduced the 

extent of agglomeration observed at 6 hours and 

promoted further fragmentation of larger particles. 

Excessive ball milling time can lead to particle 

agglomeration, which reduces the effectiveness of 

particle size reduction and results in an increase in 

the average particle size of the powder [29]. 

 

3.4. FTIR Result 

Fig.4 presents the functional group characterization 

of fish bone powder using Fourier Transform 

Infrared Spectroscopy (FTIR). In the raw fish bone 

(RFB) sample, absorption peaks were observed 

around 2915 cm-1 and 1625 cm-1, indicating the 

presence of organic compounds such as fats and 

proteins before the calcination process. After 

calcination at 900 ºC, these peaks disappeared, 

suggesting the decomposition of organic matter 

during the calcination. Additionally, the hydroxyl 

(OH-) group was identified at approximately 3560 

cm-1[1].  

 

The OH- group exhibited a weak absorption band at 

3742 cm-1 in the RFB sample. After the calcination 

and ball milling process, this band showed a slight 

shift but remained detectable within the range 3725-

3742 cm-1. The carbonate (CO32-) was identified 

in the range of 1400-1500 cm-1. The presence of 

absorption bands at approximately 1451 cm-1 and 

1437 cm-1 indicates the incorporation of CO32-, 

likely due to the organic origin of the HA. The 

phosphate (PO43-) group exhibited characteristic 

absorption bands around 1012-1017 cm-1, 1008 

cm-1, 556 cm-1, and 560 cm-1. The band in the 

1005-1008 cm-1 range represents the main PO43- 

in the HA [30]. 

 
Figure 4. Powder characterization a) RFB, b) 900 

ºC, c) 900 ºC (3h), d) 900 ºC (6h), e) 900 ºC (9h) 

 

3.5. Composition of HA Powder 

Table 1. presents the elemental composition of HA 

powder at different processing stages. The calcium 

(Ca) content increased significantly from 16.87% in 

raw fish bone (RFB) to 19.31% after calcination at 

900 °C, indicating effective removal of organic 

contaminants and enhancement of Ca purity. Ball 

milling for 3 hours obtained 19.40% calcium. 

Further ball milling for 6 hours resulted in the 

highest Ca content (23.50%), suggesting improved 

purification. However, a decrease to 17.99% after 9 

hours of milling may be attributed to structural 

degradation or contamination during prolonged 

milling. 

 

The phosphate (P) content also increased from 

4.16% (RFB) to 10.01% post-calcination. Ball 

milling for 3 hours obtained 10.57% phosphate. A 

further increase to 12.36% was observed after 6 

hours of ball milling, indicating better 

homogenization and purification. A slight decline to 

9.50% after 9 hours of milling could result from 

phosphate degradation due to extended processing 

time. Oxygen (O) content rose from 78.97% (RFB) 

to 70.68% after calcination, as organic matter and 

water were removed, and oxygen remained bound 

in oxide form. Ball milling for 3 hours obtained 

70.03% oxigen. A reduction to 64.14% after 6 hours 

of milling may reflect improved decontamination, 

while a subsequent increase to 72.50% after 9 hours 

could be due to oxidation or environmental 

contamination during prolonged milling. The Ca/P 
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ratios for RFB, 900 °C, 900 °C (3 h ball milling), 

900 °C (6 h ball milling), and 900 °C (9 h ball 

milling) were 4.05; 1.92; 1.83; 1.90; and 1.89, 

respectively. Several studies utilizing fish bones as 

a natural source of hydroxyapatite have reported 

varying Ca/P ratios depending on the species. Black 

tilapia fish bones calcined at 900 °C resulted in a 

Ca/P ratio of 1.56 [28], whereas C. chanos bones 

treated under the same calcination temperature 

yielded a lower Ca/P ratio of 1.74 [31]. 

 

 Table 1. Composition of HA powder. 

 
 

4. CONCLUSION 

This study successfully synthesized hydroxyapatite 

(HA) from pleco fish bone waste through 

calcination at 900 °C followed by ball milling. The 

calcination process effectively eliminated organic 

content and promoted the formation of crystalline 

HA. XRD analysis confirmed that the HA phase 

remained stable during the mechanical milling 

process up to 9 hours. SEM and particle size 

analysis revealed that 3 hours of milling produced 

the finest and most uniform particles, while longer 

durations resulted in agglomeration. FTIR spectra 

identified functional groups typical of HA, and 

elemental analysis showed that the Ca/P ratio 

closely approached the ideal stoichiometry, with the 

highest purity observed after 6 hours of milling. 

Overall, pleco fish bones present a promising 

alternative source for producing biogenic HA, 

offering sustainable waste management and 

potential for low-cost biomedical material 

development. 
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