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Abstract. Hydroxyapatite has a wide range of possible applications in biomedicine, optics and electronics, 

sensors, catalysis and in environmental decontamination. The present study focused on the synthesis of 

hydroxyapatite by the wet precipitation method. The influence of drying time on the properties of synthesized 

material was investigated. The particle size increases from 80 to 200 µm by increasing the drying time from 24 

hours to 96 hours. The morphology and properties of hydroxyapatite powders obtained under the action of the 

ultraviolet radiation and ultrasonic exposure acting together and individually was studied. The obtained samples 

were analyzed using X‐ray diffraction, Fourier transform infrared spectroscopy, scanning electron microscope, 

Brunauer–Emmett–Teller methods. The results showed that the properties of the obtained hydroxyapatite powders 

were highly dependent on the synthesis conditions. Ultrasonic treatment at the synthesis stage led to a decrease in 

the size of the resulting hydroxyapatite particles to 4 µm. The use of ultraviolet radiation at the stabilization stage 

led to an increase in the content of hydroxyapatite in the reaction products.  
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1. Introduction  

Hydroxyapatite (HAp) is a calcium phosphate mineral of composition Ca10(PO4)6(OH)2, it is widely 

known as a biomaterial and used for bone repair and bone regeneration [1–3]. HAP has excellent 

biocompatibility and exhibits dielectric and piezoelectric properties [4]. Theoretically, the band gap of HAP 

can reach 7.4–7.9 eV, although the values of 3.8–4.5 were observed in the experiments [5,6]. Such values of 

the band gap make it possible to use HAp as a dielectric in metal-insulator-semiconductor (MIS) structures, 

which presents new opportunities for sensorics and microelectronics. Based on the fact that HAp has a 

piezoelectric effect, it is possible to convert some physical influences, such as sound vibrations, touch, 

temperature, into an electrical signal. This effect is already being used in such devices as sensors, actuator 

devices, transducers, micro power generators in electronics, civil infrastructure systems, biomedical and 

automotive applications [7,8]. A number of studies are devoted to the use of HAp in catalytic process: for 

catalytic oxidation of organic pollutants and CO [9,10], catalytic reduction of CO2 and N2O [11,12], for 

environmental remediation [13]. 

There are a large number of different methods for the synthesis of HAp. Depending on the composition 

of the initial substances and the synthesis conditions, the following main methods for obtaining 

hydroxyapatite can be distinguished: solid state reactions [14], chemical precipitation [15], hydrothermal 
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synthesis and sol-gel process [16]. In addition, microwave irradiation accelerates the synthesis of HAp and 

produces a high-purity powder with a small and narrow particle size distribution [17, 18]. 

Various methods of obtaining hydroxyapatite have their advantages and disadvantages due to the 

multifactorial nature of the synthesis process, the need to coordinate such parameters as reaction 

temperature, pH, molar ratio of chemicals, etc. to obtain a product with the required properties [19]. 

Therefore, researchers are studying the possibility of influencing the reaction mixture to various factors, 

including ultraviolet (UV) radiation and ultrasonic (US) exposure, in order to synthesize HAp with desired 

characteristics. UV irradiation of the source materials made it possible to carry out the solid-phase synthesis 

of HAp without the use of heat treatment [20-21]. It was found that ultrasonic treatment of the initial 

suspension of calcium hydroxide during chemical precipitation increases the rate of formation of the 

hydroxyapatite nanocrystalline phase [22, 23]. 

The aim of the present work is to study the effect of drying time, ultraviolet radiation and ultrasonic 

exposure on the synthesis of hydroxyapatite by the wet precipitation method and the properties of 

synthesized material. 

2. Materials and methods 

The starting materials for the synthesis of HAp were calcium hydroxide Ca(OH)2, distilled water, 

orthophosphoric acid H3PO4. Figure 1 shows the scheme for obtaining hydroxyapatite, according to which 

the process consists of the following stages: preparation of initial solutions – synthesis – stabilization – 

filtration and washing – drying. In this synthesis method, by controlling the feed rate of the phosphoric acid 

solution and its concentration, it is possible to ensure complete interaction of the initial reagents, which will 

exclude the formation of side phosphates or minimize this probability, leading the entire synthesis to the 

desired result – calcium hydroxyapatite of stoichiometric composition.  

8% solution of orthophosphoric acid and 20% suspension of calcium hydroxide were prepared at the 

first stage. The calcium hydroxide suspension was loaded into the reactor at the second stage. A solution of 

orthophosphoric acid was added and reacts with calcium hydroxide according to the following reaction with 

continuous stirring [24, 25]: 

10 Ca (OH)2 + 6H3PO4 → Ca10(PO4)6(OH)2 + 18H2O. 

 

 
 

Fig.1. Scheme for synthesis of hydroxyapatite.  

 

Synthesis time varied depending on the quantity of reagents used. It took 65 minutes to produce 20 

grams of hydroxyapatite. In order for all reagents to completely react with each other, a stage of stabilization 

of the hydroxyapatite solution was introduced. This process was carried out at room temperature. 

Stabilization should be carried out in a sealed container to avoid impurities. The solution was infused for a 
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day from the moment of stopping stirring. As a result, HAp was at the bottom of the vessel, and the liquid 

phase was at the top. After the stabilization stage, the obtained sample was washed with distilled water until 

a neutral medium was obtained, which was controlled by a litmus indicator. Then, the resultant suspension 

was filtered through the “blue ribbon” filter, as a result of which HAp was separated from the liquid phase. 

At the stage of drying, HAp was dried at room temperature until the liquid is completely removed. To study 

the effect of drying time on the structure of the material, drying was carried out for 24 hours and 96 hours. 

To obtain the final product in the form of a powder, the synthesized material was ground using an agate 

mortar and pestle. 

To study the influence of external factors on the change in the properties of the HAp obtained during 

the synthesis, ultrasonic (US) exposure, ultraviolet (UV) irradiation separately at various stages of 

production, as well as their combination, were used. The mixture of reagents in the reactor at the stage of 

synthesis was exposed to ultrasound at a frequency of 20 kHz for 20 min. At the stabilization stage, the 

synthesized sample was irradiated with ultraviolet. The wavelength of ultraviolet radiation was 180 nm. The 

following combinations of the experimental conditions have been investigated: 

1) wet precipitation without the stabilization stage (standard conditions according to the methodology); 

2) US (20 minutes, synthesis stage) and UV (120 minutes, stabilization stage); 

3) US (20 minutes, synthesis stage); 

4) UV (120 minutes, stabilization stage); 

5) wet precipitation including the stabilization stage.   

The phase composition of the obtained samples was analyzed by the X-ray diffraction (XRD) method 

using a Difray 401 diffractometer (JSC Scientific Instruments, St. Petersburg, Russia). The XRD peaks were 

recorded in 2Θ range of 30–110°, CuKα, λ = 1.5405 Å. Identification of crystalline phases was achieved by 

comparing the recorded diffraction patterns with ICDD PDF2 database; numbers of patterns from database, 

that was 11008 and 30747. 

The functional groups of the obtained samples were identified by the method of Fourier transform 

infrared spectroscopy (FTIR) using a Shimadzu IRPrestige-21 FTIR spectrophotometer (Shimadzu, Kyoto, 

Japan). The analysis was performed in the absorption mode in the wavelength range from 400 cm
−1

 to 

4000 cm
−1

 with a resolution of 4 cm
–1

. The surface morphology and microstructure of the obtained samples 

was studied using a scanning electron microscope (SEM) TESCAN VEGA 3 SBU (Brno, Czech Republic) 

with an OXFORD X-Max 50 energy-dispersive adapter (High Wycombe, UK), operated at 10–20 kV 

accelerating voltage, specimen current of 3–12 nA, and a spot diameter of ~2 µm.  

The surface area study was carried out using the BET adsorption method with the calculation of pore 

diameter using the BJH method [26]. Measurements were performed using a 3P Sync 420A specific surface 

area and porosity adsorption analyzer (3P Instruments, Germany). Nitrogen was used as an adsorptive. The 

results were processed using built-in software. All samples were pre-dried to remove gases for 10 hours at 

200 °C. Based on the results of the analysis, adsorption isotherms were obtained. 

3. Research results 

3.1 Effect of drying time 

Using scanning electron microscopy, the morphology of the samples for drying time of 24 and 96 hours 

was analyzed. The SEM images with different magnification are shown in Figure 2.  All synthesized 

particles are characterized by the form of aggregates and porous structure. With a drying time of 24 hours, 

the particles have a size of more than 80 µm. With an increase in drying time to 96 hours, the particle size 

becomes larger than 200 µm, and the faceting becomes more noticeable. Based on the XRD-results shown in 

Figure 3, it was revealed that both samples correspond to the crystalline phase of calcium hydroxyapatite and 

do not contain additional reflections of other phases. On the XRD pattern of the Sample 1, there is a doubling 

high for reflections, which is associated with incomplete crystallization. 

3.2 Influence of external factors 

FTIR spectra of the samples obtained under the influence of external factors of ultrasonic and 

ultraviolet exposure and control samples are shown in Figure 4. Absorption bands related to the phosphate 

group PO4
3−

 are observed at 470, 567, 603, 962 and 1039÷1080 cm
−1

 [27]. The absorption bands at 873 and 

1421÷1465 cm
–1

 is attributed to CO3
–
 groups [27, 28], the presence of which can be explained by the 
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adsorption of atmospheric carbon dioxide during sample preparation. The broad absorption band at 3420 

cm
−1

 and weak band at 1640 cm
−1

 are due to the presence of adsorbed water molecules [29].  

The bands appearing at 3571 cm
−1

 corresponds to the hydroxyl bond stretch which is characteristic of 

stoichiometric HAp [27]. Comparing the spectra with each other, we can conclude that US exposure (Sample 

3) and the combined action of US and UV (Sample 2) does not give particularly noticeable changes. At the 

same time, in the case of using only UV radiation (Sample 4), it can be seen that UV radiation has a weak 

effect on water, but actively destroys carbon compounds. 

 

  
a) b) 

  
c) d) 

Fig.2. SEM images of the HAp samples obtained at different drying time: 24 h (a, b) and 96 h (c, d).  

 

 
Fig.3. XRD patterns of the HAp samples obtained at different drying time: 24 h (Sample 1) and 96 h (Sample 2).  

 

Figure 5 shows the XRD patterns of the HAp samples obtained under the influence of US exposure and 

UV radiation and of the control samples. According to the XRD data, the highest content of HAp is 

characteristic of the sample obtained by exposure to UV radiation only (Sample 4). The lowest content of 

hydroxyapatite is typical for the Sample 1, where the wet precipitation method without stabilization stage 

was used. 
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a) 

  
b) c) 

Fig.4. FTIR spectra of the HAp samples obtained under the influence of external factors. 

 

  
Fig.5. XRD patterns of the HAp samples obtained under the influence of external factors. 

 

Figure 6 and 7 show the SEM images of the control samples synthesized under conditions without 

external influences and the samples under the action of US and UV. The Sample 1 is characterized by the 

presence of a greater number of agglomerates with a size of more than 100 µm, compared with Sample 5, for 

which the particle size is from 100 µm to 15 µm or less (Figure 6). Thus, introduction of the stabilization 

stage makes it possible to obtain the particles of smaller sizes without additional use of external factors. The 

Sample 2 (US+UV) and Sample 3 (US) are characterized by a rounded structure, which was formed as a 

result of a decrease in the crystallization rate due to US exposure (Figure 7). 
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a) b) 

Fig.6. SEM images of the HAp obtained at standard conditions of wet precipitation: Sample 1 (a), Sample 5 (b). 

 

 

   
a) b) c) 

Fig.7. SEM images of the HAp obtained under the influence of external factors: Sample 2 (a), Sample 3 (b), 

Sample 4 (c). 

 

These samples are characterized by particle sizes from 4 µm to 1 µm or less. The Sample 4, obtained 

under exposure to UV only, is characterized by a faceted structure, which may be due to the fact that the 

crystallization processes were not interfered with by US. In this case, the particle sizes are in the range from 

20 µm to 2 µm or less. The use of ultrasound at the stage of synthesis prevents the formation of bonds 

between particles and makes it possible to significantly reduce the size of the obtained particles with a 

spherical shape, in contrast to faceted crystallites in the case of ultraviolet irradiation. 

Adsorption isotherms with sorption hysteresis were obtained, which are typical for systems with weak 

interaction of the adsorbate with the adsorbent, based on the results of the analysis of the specific surface 

area. The results are summarized in Table 1. It follows that the considered external influences on the 

synthesis of HAp increase the average pore diameter from the analysis of the data obtained, while a 

significant decrease in the specific surface area occurs, except for Sample 3. Thus, short-term exposure to 

ultrasound on a sample of hydroxyapatite during its synthesis leads to an increase in the specific surface area 

surface and the increase in average pore size. 

 
Table 1. Specific surface area and pore size of the HAp samples obtained under the influence of external factors. 

Parameters Sample number 

1 2 3 4 5 

BET surface area (m
2
/g) 138.280 118.239 157.628 110.235 117.492 

Average pore diameter (nm) 9.450 12.076 13.445 15.367 10.390 
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4. Conclusion 

In this study, hydroxyapatite was obtained by wet precipitation method. A stabilization stage was 

introduced into the technological scheme of synthesis, due to which the average particle size of the obtained 

hydroxyapatite was reduced to 15 μm. The drying time of the obtained hydroxyapatite affects the particle 

size of the material. An increase in the duration of drying of hydroxyapatite from 24 to 96 hours led to an 

increase in particle size up from 80 μm to 200 μm and to a more pronounced faceting. It was found that the 

use of ultraviolet irradiation at the stabilization stage makes it possible to increase the content of the main 

product – hydroxyapatite of stoichiometric composition. The ultrasonic treatment of reagents at the stage of 

HAp synthesis for 20 min led to a reduction in the size of the obtained HAp particles with a spherical shape 

from 15 μm to 4 μm. In addition, the production of hydroxyapatite under ultrasound exposure resulted in an 

increase in the specific surface area of particles by 14% and the average pore size by 42% compared to the 

wet precipitation method under standard conditions. The method of hydroxyapatite production considered in 

this work allows synthesizing a bulk material, unlike the CVD or PVD methods traditionally used to produce 

hydroxyapatite-based coatings [30]. Using the proposed method will allow to create bulk medical products 

filled with hydroxyapatite with the required properties. 
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