
* Corresponding author. Djahida Sidane  
(D. Sidane)  

E-mail : djahida.sidane@univ-bejaia.dz   

© 2026 The Author(s). Published by the University of Biskra, Algeria. This is an 

open-access article distributed under the terms of the Creative Commons Attribution 

4.0 International License (CC BY 4.0). 

                                                                                                               

Journal of Applied Engineering Science & Technology Vol. 6 No. 3 (2026) 168                                             Special Issue: CMEME 2025 

 

Issues lists available at UMKB journals 

Journal of Applied Engineering  

Science & Technology 

Journal home page: https://journals.univ-biskra.dz/index.php/jaest 

 

 

https://doi.org/10.69717/jaest.v6.i3.168 Research Article 

Effect of calcination treatment on the in vitro bioactivity of ceramic 

powders 

Djahida Sidane1,*, Nadir Slimani1, Yasmina Bourebaba2, Nawal Deflaoui1, Lynda Sadou1,  

Hafit Khireddine1 

1Université de Bejaia, Faculté de Technologie, Laboratoire de Génie de l’Environnement (LGE), 06000 Bejaia, Algeria 

2Université de Bejaia, Faculté des Sciences de la Nature et de la Vie, Laboratoire de Biomathématique, Biophysique, Biochimie et 

Scientométrie (L3BS), 06000 Bejaia, Algeria  

 

A B S T R A C T   K E Y W O R D S  

The aim of this study was to evaluate the effect of varying calcination temperature and duration (500°C -1h, 600°C-1h, 

600°C-6h, and 900°C-3h) on the bioactivity property of crystalline hydroxyapatite pellets immersed in a physiological 

solution (simulated body fluid) for 7 days. The microstructural properties and composition of the powders−such as the 

degree of crystallinity, crystallite size, additional thermal phases of -tricalcium phosphate (β-TCP) and CaO, and 

functional groups (hydroxyl and carbonate)−vary depending on the calcination parameter and immersion process.  X-

ray diffraction (XRD) and infrared spectroscopy (IR) analyses showed significant microstructural changes for the HAP 

calcined at 900°C for 3 hours. Moreover, atomic absorption spectroscopy (AAS) analysis and pH measurements 

indicated variations in calcium ion concentration (42.2 ± 0.70 mg/L after 3 days, and 34.2 ± 0.48 mg/L after 7 days of 

immersion time) and pH of the medium-which decreased from 7.440 ± 0.02 to 7.305 ± 0.03-for the HAP pellet calcined 

at 900°C. These results were confirmed by X-ray fluorescence (XRF) and electron microscopy, which indicated an 

increase in the Ca content from 55.06 ± 0.156% to 55.85±0.148%, and in the P content from 24.64±0.155% to 

27.59±0.158%, as well as the deposition of dispersed particles and large agglomerates, suggesting the formation of a 

non-uniform layer of calcium phosphate (CaP) on the surface of the powder pellet calcined at 900°C. 
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1 Introduction 

Ceramic biomaterials, particularly calcium phosphate bioceramic, are widely used 

for bone replacement applications due to their good biological and physicochemical 

properties [1]. In order to expand their areas of application, their biological and mechanical 

performance must be improved to promote, for example, cell adhesion and proliferation or 

implantation in sites subject to heavy loads, through the use of biocomposite material 

systems [2-5]. Among the fundamental characteristics that must be verified on active 

ceramic biomaterials is the ability to form a “Bone-like apatite” layer on their surface. In 

this context, numerous studies have reported the effect of combining ceramic powders with 

other functional materials in order to improve their bioactivity property through the 

formation of a surface layer of hydroxycarbonate apatite in contact with bone tissue [6-9]. 

However, few studies have been published on the effect of calcination treatment on the 

bioactive properties of calcium phosphate powders. One example is the work by Forero-

Sossa et al. [10], who studied the effect of calcination temperature on the physicochemical 

and bioactive properties of biogenic hydroxyapatite; they concluded that samples calcined 

at high temperatures (around 1000°C and between 1100 and 1200°C) exhibited changes 

associated with the formation of bone-type apatite on the surface of the samples, and 

observed that the presence of a tricalcium phosphate phase resulted in a higher reaction rate.  

 

 

In this study, the effect of calcination treatment on the bioactivity of calcium 

phosphate powders synthesized by the sol-gel process was investigated in vitro in the 

presence of a physiological solution (SBF) simulating the biological environment of the 

human body, as reported by Kokubo and Takadama [11]. The synthesized powders can 

be considered bioactive if they induce the formation of an apatite layer on their surface via 

chemical bonds in the SBF medium [12]. The interaction between the ions contained in 

the SBF solution (mainly Ca2+ and PO4
3–) and the material in contact was evaluated by 

analyzing the microstructure and composition of the materials as well as the physiological 

media collected after immersing the material for 7 days. It is known that most of bioactive 

ceramics in clinical use show apatite‐forming ability in the physiological solution within 

7 days [13]. Moreover, the SBF immersion test, used to evaluate the bioactivity of CaP 

materials in contact with bone, revealed the deposition of an apatite layer on their surface 

within 7 days [14]. Accordingly, in order to evaluate the effect of varying calcination 
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parameters on the bioactivity of the calcium phosphate ceramic powders synthesized in 

this study, the duration of the material’s immersion in the SBF was fixed at 7 days. 

2 Material and Methods 

2.1 CaP based ceramic powder 

Phosphorus pentoxide (Sigma Aldrich 97%) and calcium nitrate tetrahydrate 

(Sigma Aldrich 99%) were dissolved in absolute ethanol to form two solutions with 

concentrations of 0.5 M and 1.67 M, respectively. These solutions were mixed to obtain 

hydroxyapatite sol with a Ca/P molar ratio of 1.67 and continuously stirred for 24 hours 

and then closely capped and aged to complete the sol-gel transition process. The resultant 

colloidal solution was dried in an oven at 80°C for 24 hours. Finally, the dried gel was 

divided into four portions, and each portion was subjected to a specific temperature and/or 

duration as follows: 500°C for one hour, 600°C for one hour, 600°C for six hours, and 

900°Cfor three hours, at a heating rate of 2 °C/min. 

2.2 In vitro test 

The bioactivity of the synthesized powders was tested in the SBF solution 

previously prepared using Kokubo and Takadama’s formulation [11]. The principle of the 

test is to make pellets from the synthesized powders and expose them to the physiological 

solution for a sufficient period of time. To form a pellet, 0.3 g of each powder was placed 

in a 14-mm-diameter mold and then compacted under vacuum for 2 to 4 minutes at a force 

of 7 kN using a laboratory hydraulic press (Thermo Fisher). The pellets were then 

immersed in the SBF solution with a surface area-to- volume ratio of 0.1 cm−1 and then 

placed in a Thermo Scientific™ MaxQ 4000 incubator under agitation (60 rpm) at 37 °C 

for 7 days. The SBF media were replaced with fresh solution each time a sample was taken 

to ensure that the solution remained physiologically relevant and maintained a consistent 

chemical composition. Once removed, the pellets were immediately rinsed with distilled 

water and then delicately dried [12]. 

2.3 Characterization of the pellets and SBF media 

The microstructure of the pellets was investigated by infrared spectroscopy using 

“Perkin-Elmer Spectrum Two” Attenuated Total Reflection (ATR) spectrometer. The 

analysis was performed by pressing the pellet against the ATR crystal. The crystalline 

phase of the pellet was analyzed by X-ray diffraction (XRD) using “PANalytical X'Pert 

Pro MPD” diffractometer with radiation source (Cu-Kα = 1.5406 Å).  

In addition, the average crystallite size (L) was calculated using the Debye-

Scherrer equation: 

                                   𝐿ℎ𝑘𝑙 =
𝐾𝜆

𝛽 𝑐𝑜𝑠 𝜃
                                           (1) 

• λ is the wavelength of Cu-Kα radiation. 

• β is the full width at middle height (the maximum intensity of the Bragg peak). 

• θ is the diffraction angle. 

• K is the Scherrer constant.  

The morphological and elemental composition of the pellets was also analyzed 

after 7 days of incubation in the SBF solution. The pellet surfaces were examined using a 

“Hitachi TM3000” electron microscope and their chemical composition was determined 

using a “SciAps X-200” X-ray fluorescence (XRF) analyzer. As for the SBF media, they 

were analyzed after filtration using a “Thermo Scientific iCE 3000” series atomic 

absorption spectrometer equipped with an air-acetylene flame and a hollow-cathode 

calcium lamp. The pH of each sample was also measured using a “JENWAY 3510” pH 

meter. Measurements were performed three times. The values are presented as the mean 

and the corresponding standard deviation. 

3 Results and Discussion 

 

 

 

 

 

 

 

Fig.1. Atomic absorption analysis. Calibration curve. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.2. Variation in calcium concentration in the SBF medium as a 

function of the immersion time of the HAP pellets. 

The calcium concentrations of the SBF media collected after soaking the pellets 

(500°C-1h, 600°C-1h, 600°C-6h and 900°C-3h) for 3 days and 7 days were determined 

by measuring the absorbance of standard samples of known concentrations (Figure 1). 

The initial concentration of the SBF medium before immersion of the pellets was 

around 22.4 mg/L (Figure 2).  For all samples, the Ca concentration increased with 

immersion time and reached after 3 days maximum values of 60.78 ± 0.96 mg/L for HAP 

calcined at 500°C, 62.17 ± 0.73 mg/L for HAP calcined at 600°C for 1 hour, 64.37 ± 0.64 

mg/L for HAP calcined at 600°C for 6 hours, and 42.2 ± 0.70 mg/L for HAP calcined at 

900°C. After 7 days of immersion, the Ca concentration in the SBF in contact with HAP 
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calcined at 500°C continued to increase, reaching a value of 62 ± 0.52 mg/L. While for 

HAP calcined at 600°C, the calcium concentration decreased to an average value of 61  

mg/L and reached 34.2 ± 0.48 mg/L for HAP calcined at 900°C. The increase in calcium 

ion concentration in the SBF medium is due to the dissolution of  HAP, while its decrease 

is attributed to the migration of Ca2+ ions from the SBF solution to the surface of  HAP, as 

can be seen in the case of the samples calcined at 600°C and 900°C. This process is known 

as precipitation. It has been reported that after immersion and dissolution, HAP exposes its 

hydroxyl and phosphate groups, resulting in a negative surface that attracts Ca2+ ions 

present in SBF to form an amorphous calcium-rich phosphocalcic layer, which then 

interacts with the phosphate ions present in the SBF to form a calcium-poor phosphocalcic 

layer. Finally, this layer crystallizes into bone-like apatite [15].  

The pH values of the SBF solutions measured after 7 days of  immersion are 

shown in Table 1.  

Table 1. pH values of the SBF media. 

Samples 
pH 

0 day 7 days 

500°C-1h 

7.440 ± 0.02 

7.442 ± 0.02 
600°C-1h 7.335 ± 0.01 

600°C-6h 7.324 ± 0.02 

900°C-3h 7.305 ± 0.03 

Compared to the initial value, the pH of the SBF medium in contact with HAP 

calcined at 500 °C increased slightly due to the dissolution of the HAP [16]. In contrast, the 

pH of the SBF media corresponding to HAP calcined at 600°C and 900°C tends to 

decrease. This phenomenon can be explained by the consumption of OH⁻ ions from the 

SBF during the formation of the apatite layer on the surface of the HAP [17]. The pH 

measurement results are in accordance with those obtained by atomic absorption 

spectrometry. 

Figures 3a-d show the infrared spectra of the pellets before and after 7 days of 

immersion in the SBF solution. 

The infrared spectra recorded for all samples prior to immersion show peaks at 

473 cm-1, 563 cm-1, 600 cm-1, 964 cm-1, 1025 cm-1, and 1089 cm-1, which are attributed to 

PO4
3– ions. The shoulder peak appearing at 630 cm-1 corresponds to the OH⁻ stretching 

vibration modes. The bands observed at 873 cm-1 and in the 1400–1600 cm-1 range are 

attributed to CO3
2– ions. These absorption bands characterize the structure of crystalline 

carbonated hydroxyapatite. The presence of carbonate groups results from a partial 

substitution of PO4
3– ions by CO3

2– ions [18]. 

It should be noted that the vibrational peaks located around 3570 cm−1, 

corresponding to the OH− vibrations in the HAP lattice, are not clearly visible due to the 

limitations of the ATR spectroscopy technique in this region. After immersion, the intensity 

of the peaks of  HAP calcined at 600°C for 6 hours decreased significantly. This can be 

explained by a marked dissolution process−the maximum calcium concentration in the 

SBF medium recorded for this sample was 64.37 mg/L or, more likely, by a loss of mass. 

In contrast, the infrared spectrum of the sample calcined at 900°C shows an increase in 

peak intensity, indicating that the precipitation process is predominant−the minimum 

calcium concentration in the SBF medium recorded for this sample was 34.2 mg/L. This 

contributed to a change in the microstructure of the powder calcined under these conditions. 

In fact, the OH⁻ band located at 630 cm−1 was no longer detected. Regarding the 

disappearance or reduction in the intensity of the OH functional group bands in the infrared 

spectrum obtained for the sample calcined at 900°C for 3 hours after immersion, we believe 

this is related to the depth resolution of the ATR technique and the newly precipitated bone-

like apatite layer. Indeed, since the intensity of the structural OH groups of  HAP, located 

at 630 cm-1, is low, their signal was significantly attenuated due to the formation of bone-

like apatite covering the sample’s surface which made it difficult to detect the OH groups 

using ATR. For the samples calcined at 500°C and 600°C for 1 hour, the absorption bands 

did not undergo any significant changes.  

The diffraction patterns of the samples before and after immersion in the SBF 

solution are presented in Figure 4 and Figure 5, respectively. Accordingly, to International 

Center for Diffraction Data (ICDD) patterns, the diffraction diagrams show peaks 

corresponding to the HAP structure, (JCPDS 9-0432) as the major crystalline phase. The 

characteristic triple peaks of  HAP were observed at (211), (112), and (300) for 2θ values 

ranging between 31° and 33°. As shown in Figure 4, the intensity and sharpness of the 

HAP peaks became more pronounced as the calcination temperature increased from 

500°C to 900°C. It is well known that the intensity of the peaks provides an indication of 

the degree of crystallinity of the samples [19]. 

Moreover, XRD patterns of  HAP powders calcined at 600°C for 1 hour and 

900°C for 3 hours, show minor secondary phases of -tricalcium phosphate (β-Ca3(PO4)2, 

JCPDS 9-169), and calcium oxide (CaO, JCPDS 37-1497) resulting from the thermal 

decomposition of hydroxyapatite. But, at 600°C, once the calcination time is increased 

from 1 hour to 6 hours, the peaks corresponding to β-TCP and CaO were no longer visible. 

 

Fig.3. Infrared spectra of the pellets before and after immersion in SBF solution for 

7 days.
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Fig.4. X-ray diffraction patterns of pellets before immersion in SBF solution. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.5. X-ray diffraction patterns of pellets after immersion in SBF solution for 7 days.

Thus, variations in temperature and calcination time have an impact not only on the 

crystallinity but also on the purity of the HAP powder [20]. Figure 5 shows the 

characteristic diffraction peaks of hydroxyapatite for all samples but their resolution 

decreased compared to the non-immersed samples. 

In addition to HAP phase, the diffraction pattern of sample calcined at 900 °C for 

3 hours shows main peaks corresponding to tricalcium phosphate, indicating that the β- 

TCP phase which is known to be a bioactive and highly resorbable ceramic [6] is still 

present in this powder. Whereas no diffraction peaks for calcium oxide were detected in 

any of the samples likely because this phase is present in very small quantities in the 

powders, so that the corresponding main peak located at 37.34° is no longer visible. It 

should be noted that the presence of the calcium oxide phase increases the 

calcium/phosphorus ratio in tricalcium phosphate, which plays an important role in the 

degradation rate of calcium phosphate-based ceramics [21]. The broadening of the 

diffraction peaks, as in the case of HAP calcined at 500°C (before and after immersion) 

and at 600°C (after immersion) indicates a decrease in the size of the crystallites. In fact, 

sharper and narrower peaks generally, associated with a higher overall degree of 

crystallinity indicate larger crystallite sizes [22]. The average crystallite sizes of the 

powders, are presented in Table 2. 

Table 2. Crystallite sizes of  HAP pellets before and after immersion in SBF solution. 

Samples Crystallite size L (nm) 

Before immersion After immersion 

500°C-1h 34.9576 32.2902 

600°C-1h 43.0153 35.8668 
600°C-6h 42.7882 41.1203 

900°C-3h 49.3323 46.1032 

By increasing the calcination temperature from 500°C to 900°C, the values of the 

crystallite size increased too. Nevertheless, it was observed that extending the calcination 

time had no significant effect on the crystallite size of the powders calcined at 600°C. 

Whereas, the immersion of the powders in SBF solution resulted in a decrease of the 

crystallite size mainly for HAP calcined at 600°C for 1 hour. Predoi et al. [23] demonstrated 
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that immersion in SBF had a significant effect on HAP powder, resulting in a reduction in 

crystallite size. We can also note that the two powders calcined at 600°C for 6 hours and 

900°C for 3 hours have almost the same crystallite sizes.  

The CaO and β-TCP phases were identified in samples calcined at 600°C for 1 

hour and at 900°C for 3 hours. It has been reported that CaO can be obtained through the 

complete decomposition of calcium carbonate depending on the processing atmosphere 

[24], but no crystalline CaCO3 phase was detected by X-ray diffraction. This suggests that 

the formation of CaO results from the decomposition of the HAP bioceramic [25]. In turn, 

the formation of tricalcium phosphates could be associated with a reaction of CaO with 

phosphate ions released from the HAP lattice due to the incorporation of CO3
2– [26] as 

confirmed by the infrared analysis. After immersion, both the CaO and β-TCP phases 

completely disappeared from the powder that had been calcined at 600°C for one hour, as 

CaO reacts completely with water to release calcium ions; whereas β-TCP, which is highly 

soluble, releases both Ca2+ ions and phosphate ions (PO4
3–) into the solution. In the case of 

the powder pellet calcined at 900°C, the β-TCP partially dissolved, most likely due to the 

degree of crystallization of this powder or the amount of β-TCP present in this powder 

compared to the powder calcined at 600°C-1h. 

Significant microstructural changes are observed particularly for HAP calcined at 

900°C, due to the disappearance of the peak located at 630 cm−1, corresponding to the 

hydroxyl groups that characterize the hydroxyapatite structure. However, the results of X-

ray diffraction analysis indicate a main crystalline phase of hydroxyapatite and, in minor 

quantity, the presence of β-tricalcium phosphate. Therefore, the absence of the 

characteristic infrared peak of OH groups could be explained by the fact that the pellet 

surface was covered with a layer of amorphous calcium phosphate when it was immersed 

in the SBF solution, which masked or attenuated the bending vibration of the OH groups. 

It is known that the infrared spectrum of amorphous calcium phosphate presents several 

bands in the different vibrational regions of the PO4 groups, but these bands are often 

difficult to distinguish due to band overlap and broadening [27]. We can therefore assume 

that this is due to the precipitation of a thin, and non-uniform layer of calcium phosphate, 

which partially covered the surface of  the HAP pellet and was too amorphous to be 

detected by XRD analysis. The β-TCP phase, for its part, may promote the deposition of 

an apatite layer on its surface [14]. 

Figure 6 shows the Ca and P elemental composition of the pellets before and after 

7 days of immersion in the SBF solution. 

Fig.6. X-ray fluorescence analysis of the pellets.

 

Fig.7. Microscopy images of pellets immersed for 7 days.
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The increase in the atomic percentage of Ca (from 55.06 ± 0.156% to 55.85 ± 

0.148%) and P (from 24.64 ± 0.155% to 27.59 ± 0.158%) for the HAP pellet calcined at 

900°C indicates the possibility of formation of a phosphocalcic layer on its surface. 

The surface morphology of the pellets after 7 days of immersion in the SBF 

solution is shown in Figure 7. The sample calcined at 500°C (Fig. 7a) exhibits an 

amorphous and porous structure. At 600°C, by increasing the calcination time from 1 hour 

(Fig. 7b) to 6 hours (Fig. 7c), the surface of the samples became denser. The microscopic 

image of the surface of the HAP pellet calcined at 900°C (Fig. 7d) clearly shows the 

deposition of dispersed and agglomerated particles of various sizes, confirming the 

possibility of the formation of a non-uniform layer of calcium phosphate (CaP), as 

indicated by XRD, ATR, and XRF analyses. According to De Micco et al. [9], crystalline 

ceramics often give rise to HAP layers with a less uniform structure. Furthermore, it has 

been reported that the immersion of synthetic hydroxyapatite in SBF solution leads to the 

deposition of carbonated apatite on its surface, depending on several factors, including the 

surface structure [15, 28]. 

Furthermore, X-ray diffraction analysis showed that HAP calcined at 900°C 

exhibited a higher degree of crystallinity, which is consistent with the observations made 

using a scanning electron microscope. This clearly indicates that the 900°C pellet has the 

appropriate characteristics in terms of crystallite size and degree of crystallinity to induce 

the formation of biological apatite on its surface, even though, previous studies have shown 

that high temperatures reduce the bioactive properties of the HAP sintered up to 1200°C 

[15, 29]. Shi et al. [30] studied the factors dominating the in vitro bioactivity of HAP 

powder, including surface area, degree of crystallinity, and temperature. The authors 

reported that the bioactivity decreased as crystallinity increased, which is likely related to 

the increased driving force for hydroxycarbonate apatite phase formation; furthermore, the 

reaction rate is proportional to the surface area. The proposed underlying mechanism is that 

the surface of highly crystalline hydroxyapatite requires a high driving force for the 

formation of the hydroxycarbonate apatite phase. In addition, the smaller crystals would 

have higher surface energies compared to the large ones. Nucleation on these high-energy 

surfaces generally requires a smaller driving force than that for the induction of nucleation 

on a low-energy surface such as a well-crystallized surface [30]. Moreover, it has been 

reported that the process of apatite formation was shown sluggish on the HAP powder 

sintered at higher temperature because of the lower negative surface charge of the HAP 

sintered at higher temperature [15]. 

Thus, by optimizing the calcination parameters, it is possible to modify the 

physicochemical properties of synthetic hydroxyapatite-based ceramics in such a way as 

to promote the formation of a layer of biological apatite on their surface in contact with the 

physiological environment. This opens up new possibilities for the design of bioceramics 

with tailored properties for bone regeneration and replacement [29]. 

4 Conclusion 

Combined analyses of  HAP pellets before and after a 7-day immersion in the SBF 

solution confirmed the formation of a CaP phosphocalcic layer on the surface of 

hydroxyapatite calcined at 900°C. Given the duration of immersion, it can be inferred that 

the formation of the calcium phosphate layer depends on the surface structure of the 

material in contact with the SBF medium. Consequently, hydroxyapatite powder calcined 

at 900°C for 3 hours is considered to be a bioactive ceramic powder. This bioceramic 

powder has the ability to form an apatite layer on its surface, which promotes cell adhesion 

and proliferation and supports tissue regeneration. 
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