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Abstract 
 

This present study focused on the extraction of HAp from fish scale waste using alkaline heat treatment sintered at different sintering 

tem-perature (high range) between 300° C to 1000°C. White powder hydroxyapatite was characterized in term of morphology, surface 

chemistry and crystallinity structure using Scanning Electron Microscopy, Fourier transform infrared spectroscopy (FTIR) and X-ray 

Diffraction (XRD), respectively. Analysis from XRD shows that FSHAp-1000 has good sharp peak indicating for high crystallinity of 

hydroxyapatite. While, the functional analysis performed FTIR determined several functional group attributed to PO42-, CO23- and OH-. 

As sintering tem-perature increase, the broad peak of PO42- becomes narrower. The intensity of CO32- is observed decreased at higher 

calcination temperature since they are release as volatile gases. Meanwhile, adsorbed water become narrower under treatment of water. 

The morphology of FSHAp changed upon treatment of heat especially at high temperature. As sintering temperature increase, the particle 

size of FSHAp becomes fines and a regular shape of FSHAp was found agglomerated. 
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1. Introduction 

 Each year, 18-30 million of tons of fish waste is discarded which 

is equal to 50% of total mass of fish processing industry in the 

world [1]. In India, bio waste and byproduct of fish are being 

dumped in coastal region cause a degradation of waste produce 

foul smell and pollution nearby water bodies [2]. According to 

Scalera, et al. [3] chemical analysis shows fish scale is rich with 

calcium in the form of carbonate and oxide due to physiological 

response of fish to osmolality and ionic inequality in physiological 

environment. Hydroxyapatite, HAp Ca10 (PO4)6(OH) 2] is inor-

ganic constituent which similar to human bone and teeth [4]. Aris-

ing as powerful sources of bio-ceramics used in medicinal applica-

tion for bone surgery, hydroxyapatite can be found abundant from 

natural resources, fish scale and bone [1].Recently, great attention 

has been given to hydroxyapatite especially in application of ca-

talysis, fertilizers, and pharmaceutical and protein chromatography.  

Hydroxyapatite also has unique property to adsorb protein. As 

mentioned in previous report, proteins are spontaneously adsorbed 

onto hydroxyapatite surface while cellular attachment, prolifera-

tion and migration occur [5]. According to Jungbauer et al.[6] 

separation of protein and DNA has been done by using hydroxy-

apatite in chromatography concept. The fact that hydroxyapatite is 

stable, vastly superior in terms of flow rate and reproducibility 

over many cycles of use has gain attention for protein separation 

and provide a good support for enzymes. HAp is inorganic and 

water soluble mineral grouping in family of calcium phosphate [7]. 

Generally, there are two ways of synthesizing hydroxyapatite 

either through chemical precipitation or naturally extracted from 

natural resources. Synthetic hydroxyapatite involves chemical 

precipitation and wet method [8].Hydroxyapatite produced from 

natural resources are better in their metabolic activity and more 

dynamic response to the environment compared to the synthetic 

process since synthetic hydroxyapatite need an additional chemi-

cal to the process [9]  

Sintering hydroxyapatite in high temperature is needed to produce 

a pressed form of hydroxyapatite. Previous report made by 

Canillas et al.[10] sintering of hydroxyapatite connect the grains 

and close the space resulting in larger particles. Conventionally 

dense and compacted ceramics are prepared under several factor 

of pressure, temperature, and holding time at sintering temperature. 

Process involve with three stages in which hydroxyapatite is com-

pacted, hydroxyapatite is heated to its melting point, and “neck” is 

begin to form. While hydroxyapatite is heated, the number of bond 

grows and surface area is decrease. In final process, hydroxyap-

atite are fully bonded together leaving small diameter of pores 

[11] .This present study focused on the extraction of HAp from 

fish scale waste using alkaline heat treatment and at different sin-

tering temperature (high range) between 300° C to 1000° C. The 

extracted HAp were characterized in term of morphology, surface 

chemistry and crystalline structure. This study has significant 

contribution to application of hydroxyapatite in industry such as 

bone grafting and bone implant since sintering hydroxyapatite at 

high temperature will produce high crystalline structure of FSHAp 

and produce pure FSHAp without trace of impurities.  

2. Material and method 

2.1. Extraction of hydroxyapatite from fish scale waste 
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Fish scale waste collected from a local market in Kuala Terengga-

nu undergo some process in order to remove any impurities, blood, 

and salts. The fish scales then dried in the laboratory for overnight. 

Dried fish scales undertake deproteinized process using 0.1M of 

HCL for external washing and distilled water needed to rinse the 

fish scale. The clean fish scale was boiled at 70oC for 5 to 7 hours 

heated in stirring mode. Next, the boiled fish scale was further 

treated using 50% NaOH in order to extract hydroxyapatite. An 

obtained white precipitate was filtered and clean several time us-

ing deionized water until the washing solution is neutral and dried 

at 60oC overnight. The sample of hydroxyapatite was sintered at a 

different temperature range from 300oC to 1000oC at heating rate 

5oC/min 1 hours and cooled slowly to room temperature [12]. 

2.2. Characterization of hydroxyapatite 

All sample of hydroxyapatite was characterized using X-ray Dif-

fraction (XRD) using Shimadzu model XRD-6000 equipped with 

Cu-K (k=1.5406). The FSHAp extracted was prepared by com-

pressing in the cassette sample holder. X-ray Diffraction is carried 

out to determine a compositional phase of samples before and 

after sintering. The radiation dose applied is 18kW Cu radiation 

with 30 to 40Kv and 40mA intensity. Data analyzed by this in-

strument were collected in the 2θ range from 3 to 80.0o with scan 

step 0.02o [13] and [14]. 

The morphology of sample was studied by field emission scanning 

electron microscopy (FE-SEM), HITACHI S26000N-type micro-

scope in Institute of Oceanography, University Malaysia Tereng-

ganu operated at 10 kV. Sample powder of FSHAp was first pre-

pared by putting on the stub and coated with gold by sputter coat-

ing machine, JFC 1600 before viewed under the microscope [15]. 

This technique used to prevent the sample from burnt and damage 

due to an electron beam.  

Fourier transform infrared spectroscopy (FTIR) characterization 

method, performed using Perkin Elmer Spectrum One with resolu-

tion 4 cm-1 in the frequency range of 4000-400 cm-1 [16]. The 

sample of FSHAp was prepared by the potassium bromide (KBr) 

pellet method. FT-IR was used to investigate the functional group 

of commercial and FHSAp with different calcination temperature. 

3. Result and discussion 

3.1. Morphology and structure of hydroxyapatite 

All SEM Images of FSHAp display in the Figure 1 have different 

size when sintered at different temperature which similar to report 

made by Morbarsherpour et al. [17] mention size and shape of 

crystal of each sample of FSHAp vary when sintered at different 

temperature. In this research, FSHAp were sintered at range tem-

perature 300oC to 1000oC. The result shows crystal size of FSHAp 

increase as sintering temperature increase. This finding is support-

ed by Figueiredo et al. [18]. According to Pham et al. [19] sinter-

ing hydroxyapatite at high-temperature cause molecule of FSHAp 

move faster and colloid with each other. As temperature increase, 

a surface area of FSHAp also increases which creates enough 

strong a Van der Waals interaction to produce an agglomerate 

particle of FSHAp. FSHAp treated at 300oC exhibit a needle-like a 

shape which similar to a report made by Zanotto et al. [20] which 

mention hydroxyapatite form a set of needle-like a shape with a 

low surface area. For FHSAp-500 in figure 1(b), the size of the 

hydroxyapatite decrease and more agglomerate compared to 

FSHAp-300. The Figure 1(c) shows SEM image from the sample 

of hydroxyapatite sintered at 700oC with tiny particles of hydrox-

yapatite start to coalesce and form agglomeration. According to 

Teh et al.,[21] the powders particles of hydroxyapatite sintered at 

high temperature tend to fuse together and form larger agglomer-

ates. FSHAp-900 in Figure 1(d) depicts soft agglomerates behav-

ior when sintered at 900oC and no formation of flakes like a shape 

detected as agglomeration start to take place. Present work has a 

similar finding to past work reported by Venkatesan & Kim [22] 

where microstructure of hydroxyapatite found with the increase in 

temperature at 900oC. Alif et al. [23] described hydroxyapatite 

sintered at 900oC were agglomerated with variable size pore even-

ly distributed. HAp-1000 become more agglomerated and has a 

homogenous distribution compared to hydroxyapatite sintered at a 

lower temperature. This finding also discussed in an earlier report 

made by Adak & Purohit [24], grain of hydroxyapatite are round-

ed and coalescent is reduced and preceding mechanism of particle 

arrangement was identified which respected to higher values of 

HAp.  
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Fig. 1: Fig 1: SEM Images with Several Magnification for Sintered Fshap 

at (A) 300oc, (B) 500oc (C) 900oc and (D) 1000oc. 

3.2. FTIR analysis 

Figure 2 shows a vibrational band of the different sample of 

FSHAp. The FTIR has detected several significant functional 

group corresponding to synthesized FSHAp. The peak was at-

tributed to a phosphate group, hydroxyl group, and carbonate 

group. Figure 2(b) display a spectrum exhibited by FSHAp-300 

shows small band indicates for O-H stretching bond at wavelength 

3988.79 cm-1. Followed by adsorptive water which is relatively 

wide denoted by wavelength from 3600 to 2600. A vibrational 

peak could be assigned to functional group CO3
2- displayed at 

wavelength 2233 cm-1. The intensity of CO3
2- probably decreased 

at higher calcination temperature since they are released as vola-

tile gases [25]. There are three peaks distributed attributed to PO4
2-. 

The first peak denotes found at wavelength 1485 cm-1, 1031.92 

cm-1, and 457.13 cm-1. The intensities of absorption of these band 

increased with an increase of calcination temperature of FSHAp 

powder. Increase in calcination temperature produced a narrow 

stretching band of adsorbed denoted by water wavelength 

2357.01cm-1. The results were in agreement with Ahmed et al. 

[26] which reported adsorbed water becomes narrower under the 

treatment of heat. Another significant peak attributed to CO3
2- also 

found at wavelength 1409.96 cm-1 and 1186.22 cm-1. A bending 

mode band observed corresponding to PO4
2- at wavelength 1024 

cm-1, 746.45 cm-1 and 578.64 cm-1. FSHAp-500 spectrum in Fig.2 

(c) shows vibrational band within wave number 3550 cm-3350 cm-

1 assigned to OH-1 group in HAp which indicates the presence of 

water in HAp structure [27]. Another significant peak attributed to 

CO3
2- was detected at wavelength 1409.96 cm-1 and 1186.22 cm-1. 

Meanwhile, a bending mode band was observed corresponding to 

PO4
2- at wavelength 1024 cm-1, 746.45 cm-1 and 578.64 cm-1. The 

narrow and long peak was detected from sample FSHAp-700 in 

Fig. 2(d). The absorption band is observed at wavelength 

2360.87cm-1 attributed to stretching band confirmed presence of 

OH-. An earlier report by Ahmed et al. [26], has mention presence 

of OH- in the sample of hydroxyapatite when sintered at 900oC. 

Fig.2 (e) represent FSHAp-1000 display by broad-spectrum con-

tains functional group attribute to OH- with ion stretching mode 

ranging from wavelength 3400 cm-1 which engaged in amorphous 

solid. Asymmetric stretching of CO3
2- is observed at wavelength 

1406.11 cm-1 while the asymmetric stretching mode belongs to 

PO4
2- at wavelength was detected at wavelength 1012.63 cm-1. 

The second CO3
2- was found present with out of plane bending 

mode at wavelength 873.33 cm-1. The FTIR also shows the last 

functional group indicating for HAp presence which is PO4
2- with 

asymmetric bending vibration at 559.36 cm-1. FSHAp-1000 shows 

a sharp peak of phosphate group indicating the crystallinity of 

hydroxyapatite increase when calcination temperature increase. 

Sukaimi et al. [28] have mentioned, a complete synthesis of HAp 

occur when base skeletal moieties of phosphate and calcium are 

present. 

 

 
Fig. 2: A) Commercial Hap; B) Fshap-300; C) Fshap-500, D) Fshap-700; 

E) Fshap-900 and F) Fshap-1000. 

3.3. XRD analysis 

Figure 3 demonstrated the XRD pattern of hydroxyapatite isolated 

from fish scale waste which calcined at temperature range 300oC 

to1000oC. The XRD peaks of all five diffraction patterns are 

compared with commercial hydroxyapatite As shown in Figure 3, 

the XRD spectra with different diffraction peak of HAp confirmed 

the crystallinity and phase purity of hydroxyapatite obtained. 

Diffraction peak in Figure 3 shows that the crystal size increased 

with increasing calcination temperature. FSHAp samples treated at 

300oC showed a broad peak appeared at 2θ = 26.38o, 32.5o. The 

finding is in agreement with Sanosh et al. [29] which were 

reported has low intensity and a wide peak indicating poor 

crystallinity. According to Figueiredo et al. [18] the poor 

crystallinity occurs when carbonate is substituted as a mineral.  

 

 
Fig. 3: A) Fshap-300 B) Fshap-300; C) Fshap-500, D) Fshap-700; E) 

Fshap-900 and F) Commercial Hap. 

 

Meanwhile, FSHAp-500 in Figure 3(c) display a characteristic 

peak at 2θ= 26.22o and 34.92o indicates for low crystallinity. There 

was slightly change in Figure 3(d) to width and height of peak at 

2θ= 32.36o when sintering temperature was increased up to 700oC. 

This finding is supported by Mustafa et al. [9], which reported 

increasing in sintering temperature had increased the peak intensi-

ty of hydroxyapatite and decrease the width of the peak as well. 

Others stated that a lattice parameter of HAp will be increased 

with an increasing temperature and the changes in crystal size [27]. 

The high intensity of apatite is probably due to a removal of or-

ganic traces and substances from the powder of hydroxyapatite 

[23]. For FSHAp-900oC, the strong characteristic peak of HAp 

was observed at position 2θ = 33.33o. When sintered at high tem-

perature, apatite peak of hydroxyapatite become sharper due to 

crystal growth [23]. FSHAp-1000 in Figure 3(e) exhibit strong 

intensity and a sharp peak at 2θ=32.32o. According to Mondal et 

al. [30], hydroxyapatite sintered at a temperature between 800oC 

to 1200oC has distinct and narrower peak which suggest an in-

crease in the degree of crystallinity. Furthermore, FSHAp-1000 
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shows a small shift in position at 2θ compared to commercial hy-

droxyapatite. According to Venkatesan & Kim [23], a small shift-

ing of diffraction is due to dehydroxylation of HAp phase. Despite 

having high intensity of apatite peak, FSHAp-1000 shows no 

presence of β-tricalcium phosphate, β-TCP, and TCP which indi-

cate no impurities presence in synthesized powder. According to 

Abdal-hay et al. [31] the impurities present when temperature 

supply to sample of hydroxyapatite is not enough to overcome the 

activation energy and shortage of annealing time as well while 

TCP is formed when hydroxyapatite sintered at the temperature 

more than 1000oC which lead to dissociation of HAp [21]. Since 

FSHAp-1000 has the sharp peak and strong intensity without the 

presence of other calcium phosphates, it proves that sintering hy-

droxyapatite at 1000oC is sufficed to produce high crystallinity of 

hydroxyapatite. 

4. Conclusion 

In this present study, hydroxyapatite was successfully isolated 

from fish scale bio waste via alkaline heat treatment. Characteriza-

tion of FSHAp prove that at high sintering temperature, FSHAp 

exhibit excellent crystallinity when analysed by XRD attributed to 

high crystallinity while express sharp peak associated with PO4
2- 

while intensity of CO3
2- decrease at higher temperature since the 

functional group release as volatile gases and adsorption water 

band becomes narrower. In addition, FSHAp-1000 was found 

agglomerated and has homogenous distribution compared to hy-

droxyapatite sintered at a low temperature. 
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